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The MPX (Motorola Pressure X-ducer™) was developed in the late 1970’s and emerged
from Motorola’s Research and Development lab in the early 80’s. The primary target
application for which the patented single-element piezoresistive strain gauge was
developed, was MAP (Manifold Absolute Pressure) for the Automotive marketplace. The
introduction of the MPXI100A device provided the industry’s first truly batch
manufacturable, semiconductor pressure sensor for high volume applications.

The performance, reliability and cost effectiveness of the X-ducer quickly moved it into
other market segments. Today, Motorola Pressure Sensors are available in many pressure
ranges, with and without temperature compensation and full signal conditioning, and are
found in many industrial, commercial, consumer and biomedical applications.

Motorola’s distinctive competence in integrating microelectronics on micromachined
silicon makes the Motorola device unique in the marketplace. Temperature compensation,
calibration and amplification can all be accomplished on-chip, providing the monolithic
totally signal conditioned chip in production today. These devices meld precision
micromachining with thin-film and linear bipolar processing to create a state-of-the-art
silicon pressure sensor.

This manual is intended to give users of Motorola Pressure Sensors basic information on
the product, application ideas using Sensor elements, and data sheets on our broad line of
devices in various package configurations. The product offering is far from complete. New
products which are currently under development will be introduced and older products will
be improved over time, offering designers a portfolio which is second to none.

As sensing technology moves into the ’90’s, we at Motorola will enhance our position as
a quality and technology innovator by leading the way in providing you, the customer, with
the lowest total cost sensing solutions.
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General Product Information

Performance and price advantage all are part of the
technology associated with the MPX transducer series. The
unique design, coupled with computer controlled laser
trimming and semiconductor batch processing techniques,
makes these devices highly cost competitive.

PERFORMANCE

The performance of Motorola’s MPX series of pressure
sensors is based on its patented strain gauge design. Unlike
the more conventional pressure sensors which utilize four
closely matched resistors in a Wheatstone bridge
configuration, the MPX series uses only a single
piezoresistive element ion implanted on an etched silicon
diaphragm to sense the stress induced on the diaphragm by
an external pressure. The extremely linear output is an analog
voltage that is proportional to pressure input and ratiometric
with supply voltage. High sensitivity and excellent long-term
repeatability make these units suitable for the most
demanding applications.

ACCURACY

Computer controlled laser trimming of on-chip calibration
and compensation resistors provide the most accurate
pressure measurement over a wide temperature range.
Temperature effect on span is typically +0.5% of full scale over
a temperature range from 0 to 85°C, while the effect on offset
voltage over a similar temperature range is a maximum of only
+1 mV.

UNLIMITED VERSATILITY

Choice of Specifications:

MPX pressure sensors are available in pressure ranges to
fit a wide variety of automotive, biomedical, consumer and
industrial applications.

Choice of Measurement:

Devices are available for differential, absolute, or gauge
pressure measurements.

Choice of Chip Complexity:

MPX pressure sensors are available as the basic sensing
element, with temperature compensation and calibration, or
with full signal conditioning circuitry included on the chip.
Purchase of uncompensated units permits external
compensation to any degree desired.

Choice of Packaging:

Buy it as a basic element for custom mounting, or in
conjunction with one or two Motorola designed ports that
provide printed circuit board mounting ease and barbed hose
pressure connections. Alternate packaging material, which
has been designed to meet biomedical compatibility
requirements, is also available. Consult factory for
information.

- -
40| Vg=10Vdc
35| Ta=25°C
- MPX2100
g % — TP
z 25
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Psl 362 7.25 10.87 145

Linearity of output and less than £1 mV variation in Offset over a
temperature range from —-40 to 125°C attest to the excellent
performance of the compensated series of MPX pressure sensors.
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Curves of span and offset errors indicate the accuracy resulting from
on-chip compensation and laser trimming.
Temperature Error Band Limit and Typical Span
and Offset Errors

DIFFERENTIAL PORT OPTION
CASE 352-02

MotorolaMPX pressure sensors are available as basic elements, or with
standard ports that facilitate mounting and media accessibility for differ-
ential, absolute or gauge pressure measurements.

Packaging Flexibility
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Integration
ON-CHIP SIGNAL CONDITIONING

To make the designer's job even easier, Motorola’s
integrated devices carry sensor technology one step further.
Besides the on-chip temperature compensation and
calibration offered currently on the MPX2000 series, amplifier
signal conditioning has been integrated on-chip in the
MPX5000 series to allow interface directly to any
microcomputer with an on-board A/D converter.

The signal conditioning is accomplished by means of a
four-stage amplification network, incorporating linear bipolar
processing, thin-film metallization techniques, and interactive
laser trimming to provide the state-of-the-art in sensor
technology.

PIN3
+5V SOURCE
R11 RG

&
<
n!
W\~ THIN-FILM RESISTOR

_yx_ LASER TRIMMABLE
RESISTOR

Fully Integrated Pressure Sensor

Introduction to Motorola Pressure Sensors

THE BASIC STRUCTURE

The Motorola pressure sensor is designed utilizing a
monolithic silicon piezoresistor, which generates a changing
output voltage with variations in applied pressure. The
resistive element, which constitutes a strain gauge, is ion
implanted on a thin silicon diaphragm.

Applying pressure to the diaphragm results in a resistance
change in the strain gauge, which in turn causes a change in
the output voltage in direct proportion to the applied pressure.
The strain gauge is an integral part of the silicon diaphragm,
hence there are no temperature effects due to differences in
thermal expansion of the strain gauge and the diaphragm. The
output parameters of the strain gauge itself are temperature
dependent, however, requiring that the device be
compensated if used over an extensive temperature range.
Simple resistor networks can be used for narrow temperature
ranges, i.e., 0°C to 85°C. For temperature ranges from —40°C
to +125°C, more extensive compensation networks are
necessary.

MOTOROLA'’S PATENTED X-ducer™

Excitation current is passed longitudinally through the
resistor (taps 1 and 3), and the pressure that stresses the
diaphragm is applied at a right angle to the current flow. The
stress establishes a transverse electric field in the resistor that
is sensed as voltage at taps 2 and 4, which are located at the
midpoint of the resistor. The single-element transverse
voltage strain gauge can be viewed as the mechanical analog
of a Hall effect device.

Using a single element eliminates the need to closely match
the four stress and temperature sensitive resistors that form a
Wheatstone bridge design. At the same time, it greatly
simplifies the additional circuitry necessary to accomplish
calibration and temperature compensation. The offset does
not depend on matched resistors but instead on how well the
transverse voltage taps are aligned. This alignment is
accomplished in a single photolithographic step, making it
easy to control, and is only a positive voltage, simplifying
schemes to zero the offset.

| ETCHED
DIAPHRAGM
BOUNDARY

TRANSVERSE

VOLTAGE STRAIN
GAGE RESISTOR

PIN #
1. GROUND

2. Vout
3.Vg

4.-Vourt

Figure 1. Basic Uncompensated Sensor Element — Top View
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THE BASIC ELEMENTS

Motorola silicon pressure sensors are available in three
different configurations that permit measurement of absolute,
differential and gauge pressure. Absolute pressure, such as
barometric pressure, is measured with respect to a built-in
vacuum reference. A pressure differential, such as the
pressure drop across a damper or filter in an air duct, is
measured by applying pressure to opposite sides of the
sensor simultaneously. Gauge pressure, as in blood pressure
measurement, is a special case of differential pressure, where
atmospheric pressure is used as a reference.

Figure 2 illustrates an absolute pressure sensing die (left)
and a differential or gauge die in the chip carrier package. The
difference in die structure between a differential pressure

o ST S s METALLIZATION
PHRAGM (0.001, TYP
o 0\0 TYR) / GLASS FRIT
ISILCON
JAFE ETCHED dCiracnss sectional
CAVITY / gram of
i LN | an absolute
e sensor die
SILICON
CONSTRAINT SEALED
WAFER REFERENCE
VACUUM

LEAD FRAME

sensor and absolute pressure sensor is that the latter does not
have a hole in the constraint wafer, and the chamber formed
by the etched cavity and the solid constraint wafer contains the
sealed-in reference vacuum.

The cross-section of the differential die in its chip carrier
package shows a silicone gel which isolates the die surface
and wire bonds from harsh environments while allowing a
pressure signal to be transmitted to the silicon diaphragm.

The MPX series pressure sensor operating characteristics
and internal reliability and qualification tests are based on use
of dry air as the pressure media. Media other than dry air may
have adverse effects on sensor performance and long term
stability. Contact the factory for information regarding media
compatibility in your application.

SILICONE STAINLESS STEEL
DIE COAT METAL COVER .
Cross section of
WIRE BOND ,/ differential pressure

A s sensor die in the

//I[:h element basic

T//Jw_q / package (not to scale)
7.4
///Alol / THERMOPLASTIC

RTV DIE BOND CASE

Figure 2. Cross-Sectional Diagrams (Not to Scaie)
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DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative stages or in design (under development).
The disclaimer at the bottom of the first page reads: “This document contains information on a product under
development. Motorola reserves the right to change or discontinue this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling, preproduction, or first production stages. The
disclaimer at the bottom of the first page reads: “This document contains information on a new product. Specifications
and information herein are subject to change without notice.”

Fully Released

A fully released data sheet contains neither a classification heading nor a disclaimer at the bottom of the first page.
This document contains information on a product in full production. Guaranteed limits will not be changed without
written notice to your local Motorola Semiconductor Sales Office.

MOTOROLA DEVICE CLASSIFICATIONS

In an effort to provide up-to-date information to the customer regarding the status of any given device, Motorola has
classified all devices into three categories: Preferred devices, Current products and Not Recommended for New
Design products.

A Preferred type is a device which is recommended as a first choice for future use. These devices are “preferred”
by virtue of their performance, price, functionality, or combination of attributes which offer the overall “best” value to
the customer. This category contains both advanced and mature devices which will remain available for the
foreseeable future.

Preferred devices in the New Products Data Sheet sections are
identified as a “Motorola Preferred Device.”

Device types identified as “current” may not be a first choice for new designs, but will continue to be available because
of the popularity and/or standardization or volume usage in current production designs. These products can be
acceptable for new designs but the preferred types are considered better alternatives for long term usage.

Any device that has not been identified as a “preferred device” is a “current” device.

Products designated as “Not Recommended for New Design” may become obsolete as dictated by poor market
acceptance, or a technology or package that is reaching the end of its life cycle. Devices in this category have an
uncertain future and do not represent a good selection for new device designs or long term usage.

The Pressure Sensor Data Book does not contain any
“Not Recommended for New Design” devices.

New Products 2-2 Pressure Sensor Device Data



MOTOROLA

SEMICONDUCTOR 1N
TECHNICAL DATA

Advance Information MPX4100
Manifold Absolute Pressure Sensor SERIES
On-Chip Signal Conditioned,
Motorola Preferred Devices
0.2 V to 4.9 V Output, Temperature
Compensated & Calibrated 4100A; 20-105 kPa
4101A: 15-102 kPa
The Motorola MPX4100/4101A series Manifold Absolute Pressure (MAP) X-ducer™
sensor for engine control is designed to sense absolute air pressure within the SILICON
intake manifold. This measurement can be used to compute the amount of fuel PRESSURE SENSOR
required for each cylinder.
Motorola’s MAP sensor integrates on-chip, Bi-Polar op amp circuitry and thin
film resistor networks to provide a high output signal and temperature
compensation. The small form factor and high reliability of on-chip integration
make the Motorola MAP sensor a logical and economical choice for the
automotive system designer.
o Specifically designed for Intake Manifold Absolute Pressure Sensing in Engine Control o
Systems
o [deally suited for direct Microprocessor Interfacing
 Patented Silicon Shear Stress Strain Gauge
o Temperature Compensated Over —40 to +125°C
o Customized Output Available — Consult Factory
» Offers Large Reduction in Weight and Volume Compared to Existing Hybrid Modules
CASE 867-04
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)
Rating Symbol Value Unit Pin Number
Overpressure Pmax 700 kPa 1 2 3 4|5 1|6
Burst Pressure Pburst 1000 kPa Vout | Ground | Vsource | N/C [ N/C | N/IC
Supply Voltage VSmax 10 Vde NOTE: Pins 4, 5 and 6 are internal device
Storage Temperature Tstg —50 to +150 oC g(:r;r::::;rm& Do not connect to external circuitry
Operating Temperature TA —-40to +125 °C

The MPX4100A/4101A series piezoresistive transducer is a
state-of-the-art, monolithic, signal conditioned, silicon pressure
sensor. This patented, single element X-ducer combines RS 3
advanced micromachining techniques, thin film metalization and
bipolar semiconductor processing to provide an accurate, high
level analog output signal that is proportional to applied pressure.
A vacuum of approximately 40 — 60 pTorr is sealed behind the
sensor diaphragm providing an accurate, reliable pressure
reference. (See Figure 2.)

Figure 1 shows a schematic of the internal circuitry integrated
on-chip to provide temperature compensation, offset and span

calibration and signal conditioning. Figure 1. Fully Integrated Pressure Sensor Schematic

~“AA~—  THIN-FILM RESISTOR
—'\,oﬂ— LASER TRIMMABLE RESISTOR

X-ducer is a trademark of Motorola Inc.
This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MPX4100 « MPX4101 SERIES

CONSTRAINT LAYER

STAINLESS
STEEL CAP

\ /

\

FLUORO SILICONE
GEL DIE COAT  ABSOLUTE

EPOXY
PLASTIC
CASE

WIRE BOND

DIE
BOND

FRAME

ABSOLUTE ELEMENT
SEALED VACUUM REFERENCE

Figure 2. MPX Pressure Sensor Element Cross Section
(Not to Scale)

Figure 2 shows a cross section of the chip carrier element
containing the pressure sensor die. A fluoro silicone gel
isolates the die surface and wire bonds from harsh
environments, while allowing the pressure signal to be
transmitted to the silicon diaphragm. In lieu of the traditional
wheatstone bridge configuration employing four resistive
strain gauges, Motorola uses a single piezoresistive implant
to sense sheer stress.

Note: Stainless steel cap is not installed on device with
port attach options.

MECHANICAL CHARACTERISTICS

MPX4100
OUPUT
(PIN1)

AD

50 pF 51k

1 PROCESSOR

Figure 3. Typical Decoupling Filter for Sensor to
Microprocessor Interface

Figure 3 shows a typical decoupling circuit for interfacing
the output of the integrated map sensor to the A/D input of a
microprocessor.

Characteristic Symbol Min Typ Max Unit
Weight, Basic Element Case 867-04 — — 3.0 — Grams
Warm-Up Time — — 15 — ms
Cavity Volume — — — 0.01 INS
Voumetric Displacement —_— —_ —_ 0.001 INS
Common Mode Line Pressure — — — 690 kPa

New Products
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MPX4100 « MPX4101 SERIES

OPERATING CHARACTERISTICS (Vg = 5.1 Vdc, Ta = 25°C unless otherwise noted)

Characteristic for MPX4100 Series Symbol Min Typ Max Unit
Absolute Pressure Range Pop 20 — 105 kPa
Supply Voltage (10) Vs — 5.1 — Vde
Supply Current lo — 8.0 15 mAdc
Full Scale Span, Figure 2 VEss — 4.7 — \Y
Sensitivity AV/AP — 55 — mV/kPa
Linearity (2)(9) — — +0.2 — %FSS
Pressure Hysteresis (3) (20to 105 kPa) — — +0.05 — %FSS
Temperature Hysteresis (4) (—40 to 125°C) — — +0.5 — %FSS
Temperature Effect on Full Scale Span (5) (~40 to 125°C) TCVEss — +1.0 +2.0 %FSS
Temperature Effect on Offset (6) (—40 to 125°C) TCVoff — 25 — mV
Response Time (7) (10% to 90%) R — 1.0 — ms
Output Source Current at Full Scale Output lo+ — 0.1 — mA
Stability (8) — — +0.5 — %FSS
NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Maximum deviation from end-point straight line fit at end points of rated pressure range.
3. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
4. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range of —40°C to +125°C.
5. Maximum variation of full scale span at —40°C and +125°C relative to +25°C.
6. Maximum variation of offset at —40°C and +125°C relative to +25°C.
7. For a rated pressure step change.
8. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 80 kPa.
9. Using best fit straight line method: typical linearity error is + 0.1%.
10. Pressure sensor is designed to operate with +5.1 V + 0.2 V supply. Supply voltages other than recommended, may result in additional signal error.
5
[ 2
ON-CHIP TEMPERATURE COMPENSATION, Vg =5.1 Vde
CALIBRATION AND SIGNAL CONDITIONING 4 Ta=25°C
MPX4100A
Figure 4 shows the output characteristics of the g 3
MPX4100A at 25°C. The output is directly proportional to the 5 /
differential pressure and is essentially a straight line. E'D-
This performance over temperature is achieved by o 2 TYP
integrating the shear-stress strain gauge, temperature
compensation, calibration and signal conditioning circuitry MAX
onto a single monolithic chip. = Wi
0 | [
kPa 0 20 40 60 80 100 120

PRESSURE IN kPa

Figure 4. Output versus Absolute
Pressure Differential
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MPX4100 » MPX4101 SERIES

— Transfer Function

Nominal Transfer Value: Vgt = Vg (0.01059 x P - 0.1518)
+/— (Pressure Error x Temp. Mult. x 0.01059 x Vg)
Vg =5.1V 5% Pjp kPa

— Temperature Error Multiplier

MPX4100 Series
40 Break Points
Temp Multiplier
30 —
-40 3
10 1
— 85
20 125 2
1.0 —
S S S M I

-40 -20 0 20 40 60 80 100 120 130 140 150

Temperature in C°

r— Pressure Error Band

3.0 — Error Limits for Pressure

20 — N /

1.0 —

0 I TR S B
20 40 60 80 100 120

-1.0 — /——\ Pressure in kPa
-20 —

Break Points
-30 P Limit (kPa)
Error in kPa 20 H-2.1

40 +-1.2

94 +-1.2

105 +-15
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MPX4100 « MPX4101 SERIES

OPERATING CHARACTERISTICS (Vg = 5.1 Vdc, Ta = 25°C unless otherwise noted)

Characteristic for MPX4101 Series Symbol Min Typ Max Unit
Absolute Pressure Range Pop 15 — 102 kPa
Supply Voltage (10) Vg — 5.1 — Vdc
Supply Current lo — 8.0 15 mAdc
Full Scale Span, Figure 5 VEss — 4.7 — \
Sensitivity AV/AP — 54 — mV/kPa
Linearity (2)(9) — — +0.2 — %FSS
Pressure Hysteresis (3) (15 to 102 kPa) — — +0.05 — %FSS
Temperature Hysteresis (4) (—40 to 125°C) — - +0.5 — %FSS
Temperature Effect on Full Scale Span (5) (-40 to 125°C) TCVEss — +1.0 +2.0 %FSS
Temperature Effect on Offset (6) (—40 to 125°C) TCVoff — 25 — mV
Response Time (7) (10% to 90%) R — 1.0 — ms
Output Source Current at Full Scale Output lo+ — 0.1 — mA
Stability (8) — — +0.5 — %FSS
NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Maximum deviation from end-point straight line fit at end points of rated pressure range.
3. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
4. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range of —40°C to +125°C.
5. Maximum variation of full scale span at —40°C and +125°C relative to +25°C.
6. Maximum variation of offset at —40°C and +125°C relative to +25°C.
7. For a rated pressure step change.
8. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 80 kPa.
9. Using best fit straight line method: typical linearity error is £ 0.1%.
10. Pressure sensor is designed to operate with +5.1 V = 0.2 V supply. Supply voltages other than recommended, may result in additional signal error.
5
I
ON-CHIP TEMPERATURE COMPENSATION, Vg =5.1 Vde
CALIBRATION AND SIGNAL CONDITIONING 4 Tp=25°C
MPX4101A
Figure 5 shows the output characteristics of the g 3
MPX4101A at25°C. The outputis directly proportional to the 5
differential pressure and is essentially a straight line. % TYP
This performance over temperature is achieved by S 2
integrating the shear-stress strain gauge, temperature | MAX
compensation, calibration and signal conditioning circuitry l
onto a single monolithic chip. 1 / ™= MIN
A |
L7 L
kPa 0 20 40 60 80 100 120
PRESSURE IN kPa
Figure 5. Output versus Absolute
Pressure Differential
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MPX4100 « MPX4101 SERIES

— Transfer Function

Nominal Transfer Value: Vgt = Vs (0.01059 x P — 0.10941)
+/— (Pressure Error x Temp. Mult. x 0.01059 x Vg)
Vg =5.1V £ 5% Pj, kPa

— Temperature Error Multiplier
MPX4101 Series

40 —] Break Points
Temp Multiplier
30 — 0 3
-40 3
Error . ]
Muitiplier 20 — 18255 ;
1.0 —
. [ T N U I HO SN N N

-40 -20 0 20 40 60 80 100 120 130 140

Temperature in °C

— Pressure Error Band

3.0 — Error Limits for Pressure
20 —
1.0 —
0.0 | | | S —| I | | Pressure in kPa
0 15 30 45 60 75 90 105 120
-1.0 —
-20 —]
Break Points
-30 — imif
P Limit (kPa)
Error in kPa 15 H-24
40 +-15
94 +-15
102 +-1.7
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MPX4100 « MPX4101 SERIES

ORDERING INFORMATION

The MPX4100A/4101A series MAP silicon pressure sensors are available in the Basic Element package or with pressure port
fittings which provide mounting ease and barbed hose connections.

MPX Series Order No.
Device Type Options Case No. MPX4100 MPX4101 Marking
Basic Element Absolute, Element Only Case 867-04 MPX4100A MPX4101A MPX____A
Absolute, Ported Case 867B-03 MPX4100AP MPX4101AP MPX____AP
Ported Elements Absolute, Stove Pipe Port Case 867E-02 MPX4100AS MPX4101AS MPX____A
Absolute, Axial Port Case 867F-01 MPX4100ASX MPX4101ASX MPX_ __ _

Pressure Sensor Device Data 2-9 New Products



MOTOROLA

SEMICONDUCTOR I

TECHNICAL DATA

Advance Information
0 to 7.3 PSI

On-Chip Signal Conditioned,
0.5 V to 4.5 V Output, Temperature
Compensated & Calibrated,

ugm 0-7.3PSI
Silicon Pressure Sensors Xducer
o Ideally Suited for Microprocessor or Microcontroller Based Systems PRESSURE SENSORS

» Temperature Compensated over 0°C to +85°C.
» Patented Silicon Shear Stress Strain Gauge

MPX5050
SERIES

Motorola Preferred Devices

o Full Scale Output Calibrated: 0.5V to 4.5 V (typical)
e Easy to Use Chip Carrier Package Options
e Available in Differential and Gauge Configurations

BASIC CHIP DIFFERENTIAL

CARRIER ELEMENT PORT OPTION
CASE 867-04 CASE 867C-03
Pin Number
1 2 3 4 5 6
Vout Ground Vg N/C N/C N/C

NOTE: Pins 4, 5 and 6 are internal device connections. Do not connect to

external circuitry or ground.

MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)

The MPX5050 series piezoresistive transducer is a
state-of-the-art, monolithic silicon pressure sensor
designed for a wide range of applications, but particularly
for those employing a microcontroller or microprocessor
with A/D inputs. This patented, single element X-ducer
combines advanced micromachining techniques, thin-film
metallization and bipolar semiconductor processing to
provide an accurate, high level analog output signal that
is proportional to applied pressure.

Figure 1 shows a schematic of the internal circuitry
integrated on-chip to provide temperature compensation,
offset and span calibration and signal conditioning.
X-ducer is a trademark of Motorola Inc.

This document contains information on a new product. Specifications and
information herein are subject to change without notice.

Rating Symbol Value Unit
Overpressure Pmax 700 kPa
Burst Pressure Ppurst 1000 kPa
Supply Voltage (Note 10) Vsmax 6.0 Vdc
Storage Temperature Tstg -50to +150 °C
Operating Temperature TA —-40to +125 °C
PIN3

O +5V SOURCE

RG
Vp O—¢—— c,a

?OUT

Voutr

—MA— THIN-FILM RESISTOR
i"”“ 2 ~pf~ | ASER TRIMMABLE RESISTOR

Figure 1. Fully Integrated Pressure Sensor Schematic

New Products
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MPX5050 SERIES

OPERATING CHARACTERISTICS (Vg = 5.0 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range Pop 0 — 50 kPa
Supply Voltage(10) Vs — 5.0 6.0 Vdc
Supply Current lo — 7.0 9.0 mAdc
Full Scale Span(2), Figure 2 VEsS 3.9 4.0 4.1 v
Zero Pressure Offset, Figure 2 Voff 0.4 0.5 0.6 \
Sensitivity V/P — 80 - mV/kPa
Linearity(3)(10) _ -05 — 05 %FSS
Pressure Hysteresis(4) (0 to 50 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (0°C to +85°C) — — +0.5 — %FSS
Temperature Effect on Full Scale Span(6) (0°C to +85°C) TCVEss -1.0 — 1.0 %FSS
Temperature Effect on Offset(7) (0°C to +85°C) TCVof -50 — 50 mv
Response Time(8) (10% to 90%) tR — 1.0 — ms
Output Source Current at Full Scale Output lo+ - 0.1 _ mA
Stability(9) — — +0.5 — %FSS

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight, Basic Element Case 867-04 —_ — 3.0 — Grams
Warm-Up — — 15 —_ Sec
Cavity Volume — —_ — 0.01 IN3
Volumetric Displacement — — — 0.001 IN3
Common Mode Line Pressure —_ - —_ 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.

2. Measured at 5.0 Vdc excitation for 50 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output

(referenced to ground) and zero pressure offset.

For a 0 to 50 kPa pressure step change.

CENO O AW

a. 1000 temperature cycles, 0°C to +85°C.
b. 1.5 million pressure cycles, 0 to 50 kPa.

. Maximum deviation from end-point straight line fit at 0 and 50 kPa.

Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range of 0°C to +85°C.
Maximum variation of full scale span at 0°C and +85°C relative to +25°C.
Maximum variation of offset at 0°C and +85°C relative to +25°C.

Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:

10. Pressure sensor is designed to operate with +5 V £0.2 V supply. Supply voltages other than recommended, may result in additional signal error.

Pressure Sensor Device Data
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MPX5050 SERIES

5 T
| Vg=5Vdc l
451 Vs 1
o mee | L 2
=35
(%)
s 3 MAX T—>4
= 74
525
E 2 Z
5 MIN
O 15
1
05
% 10 20 30 40 50 60
PRESSURE (kPa)
Figure 2. Integrated Pressure Sensor
SILICONE STAINLESS STEEL
DIE COAT METAL COVER
WIRE BOND '/
THERMO-
PLASTIC
LEAD FRAME CASE
RTV DIE BOND

Figure 3. MPX Pressure Sensor Element
Cross Section (not to scale)

ON-CHIP TEMPERATURE COMPENSATION,
CALIBRATION AND SIGNAL CONDITIONING

Figure 2 shows the output characteristics of the MPX5050
at 25°C. The output is directly proportional to the differential
pressure and is essentially a straight line.

The effects of temperature on full scale span and offset are
shown in the operating characteristics.

This performance over temperature is achieved by
integrating the shear-stress strain gauge, temperature
compensation, calibration and signal conditioning circuitry
onto a single monolithic chip. In lieu of the traditional

Wheatstone bridge configuration employing four resistive
strain gauges, Motorola uses a single piezoresistive (X-ducer)
implant to sense sheer stress. The low impedance (430 €2) of
the basic X-ducer element and the short signal paths on the
single-chip device provide excellent noise immunity from both
external and internal sources. The superior linearity of the
X-ducer element provides the starting point for an equal
improvement in final output linearity (typically 0.2%). It would
be far more difficult to integrate the compensation circuitry
with a Wheatstone bridge because of the inherent processing
mismatches of those devices.

Figure 3 shows a cross section of the chip carrier basic
element containing the pressure sensor die. A silicone gel
isolates the die surface and wire bonds from harsh
environments, while allowing the pressure signal to be
transmitted to the silicon diaphragm. The MPX5050 series
pressure sensor operating characteristics and internal
reliability and qualification tests are based on use of dry air as
the pressure media. Media, other than dry air, may have
adverse effects on sensor performance and long term stability.
For compatibility in a specific application, please contact the
factory.

Note: Stainless steel cap is not installed on devices with
ports attached on the Pressure (top) side.

Figure 4 shows a typical decoupling circuit for interfacing
the output of the MPX5050 to the A/D input of a
microprocessor. Proper decoupling of the power supply is
recommended.

MPX5050
OUPUT
(PIN 1)

AD

50 pF 51k

1 PROCESSOR

Figure 4. Typical Decoupling Filter for Sensor to
Microprocessor Interface
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MPX5050 SERIES

PRESSURE / VACUUM SIDE Pressure
IDENTIFICATION TABLE Part Number Case Type Side Identifier
MPX5050D 867-04 Stainless Steel Cap
X . MPX5050DP 867C-03 Side with Part Marking
Motorola designates the two sides of the pressure sensor —
as the Pressure (top) side and the Vacuum (back) side. The MPX5050GP 8678-03 Side with Port Attached
Pressure side is the side containing silicone gel which protects MPX5050GVP 867D-03 Stainless Steel Cap
the die from harsh media. The Motorola MPX pressure sensor VX P py—— Side with Port Attach
is designed to operate with positive differential pressure i i ide with Port Attached
applied (i.e., top side pressure is greater than or equal to back MPX5050GVS 867A-03 Stainless Steel Cap
side pressure). A
. . . . MPX5050GSX 867F-02 Side with Port Attached
The Pressure side may be identified by using the table on
the right: MPX5050GVSX 867G-02 Stainless Steel Cap

ORDERING INFORMATION

The MPX5050 pressure sensor is available in differential and gauge configurations. Devices are available in the basic element
package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure connections.

MPX Series
Device Type Options Case Type Order Number Device Marking

Basic Element Differential 867-04 MPX5050D MPX5050D

Ported Elements Differential Dual Ports 867C-03 MPX5050DP MPX5050DP
Gauge 867B-03 MPX5050GP MPX5050GP
Gauge Vacuum Port 867D-03 MPX5050GVP MPX5050GVP
Gauge, Axial 867E-02 MPX5050GS MPX5050D
Gauge Vacuum Axial 867A-03 MPX5050GVS MPX5050D
Gauge, Axial PC Mount 867F-02 MPX5050GSX MPX5050D
Gauge Vacuum Axial PC Mount 867G-02 MPX5050GVSX MPX5050D

Pressure Sensor Device Data 2-13 New Products



MOTOROLA

SEMICONDUCTOR |

TECHNICAL DATA

Advance Information

0 to 14.5 PSI

On-Chip Signal Conditioned,

0.5 V to 4.5 V Output, Temperature
Compensated & Calibrated,
Silicon Pressure Sensors

e [deally Suited for Microprocessor or Microcontroller Based Systems
» Temperature Compensated Over 0°C to +85°C

¢ Patented Silicon Shear Stress Strain Gauge

¢ Easy to use Chip Carrier Package Options

MPX5100
SERIES

Motorola Preferred Devices

0-14.5 PSI
X-ducer™
SILICON

PRESSURE SENSORS

e Available in Absolute, Differential & Gauge
Configurations

@)

BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 867-04 CASE 867C-03
Pin Number
1 2 3 4 5 6
Vout Ground Vs N/C N/C N/C

NOTE: Pins 4, 5 and 6 are internal device connections. Do not connect to

external circuitry or ground.

MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)

Rating Symbol Value Unit
Overpressure Pmax kPa
Burst Pressure Pburst kPa
Supply Voltage (Note 10) VSmax Vdc
Storage Temperature Tstg —-50 to +150 °C
Operating Temperature TA 0 to +85 °C

PIN3

The MPX5100 series piezoresistive transducer is a
state-of-the-art, monolithic silicon pressure sensor
designed for a wide range of applications, but particularly

O 5V SOURCE

RG
VPO—-——'yx————‘

those employing a microcontroller or microprocessor with
A/D inputs. This patented, single element X-ducer
combines advanced micromachining techniques, thin film
metallization and bipolar semiconductor processing to
provide an accurate, high level analog output signal that is
proportional to applied pressure.

Figure 1 shows a schematic of the internal circuitry
integrated on-chip to provide temperature compensation,
offset and span calibration and signal conditioning.

X-ducer is a trademark of Motorola Inc.
This document contains information on a new product. Specifications and

?our
Voutr

L

—W— THIN-FILM RESISTOR
-'yx' LASER TRIMMABLE RESISTOR

information herein are subject to change without notice. Figure 1. Fully Integrated Pressure Sensor Schematic
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OPERATING CHARACTERISTICS (Vg = 5.0 Vdc, TA = 25°C unless otherwise noted)

MPX5100 SERIES

Characteristic Symbol Min Typ Max Unit
Pressure Range Pop 0 — 100 kPa
Supply Voltage (10) Vs — 5.0 6.0 Vdc
Supply Current lo — 7.0 9.0 mAdc
Full Scale Span (2), Figure 2 VESS 3.9 4.0 4.1 \
Zero Pressure Offset, Figure 2 Voff 0.4 0.5 0.6 \
Sensitivity AV/AP — 40 —_ mV/kPa
Linearity (3)(10) — -0.5 — 0.5 %FSS
Pressure Hysteresis (4) (0 to 100 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis (5) (0°C to +85°C) — — +0.5 — %FSS
Temperature Effect on Full Scale Span (6) (0°C to +85°C) TCVEsS -1.0 — 1.0 %FSS
Temperature Effect on Offset (7) (0°C to +85°C) TCVoff -50 — 50 mV
Response Time (8) (10% to 90%) tR — 1.0 — ms
Output Source Current at Full Scale Output lo+ — 0.1 — mA
Stability (9) — — +0.5 — %FS

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight, Basic Element Case 867-04 — — 3.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement — — — 0.001 IN3
Common Mode Line Pressure — — — 690 kPa

NOTES:
1.
2.

CONDO AR

1.0 kPa (kiloPascal) equals 0.145 PSI.

Measured at 5.0 Vdc excitation for 100 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale

output (referenced to ground) and zero pressure offset.

. Maximum deviation from end-point straight line fit at 0 and 100 kPa.

Maximum output difference at any pressure point within Pgp for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range of 0°C to +85°C.
Maximum variation of full scale span at 0°C and +85°C relative to +25°C.

Maximum variation of offset at 0°C and +85°C relative to +25°C.

. For a 0to 100 kPa pressure step change.
. Stability is defined as the maximum difference in output at any pressure’ within Pop and temperature within +10°C to +85°C after:

a. 1000 temperature cycles, 0°C to +85°C.
b. 1.5 million pressure cycles, 0 to 100 kPa.

10. Pressure sensor is designed to operate with +5 V + 0.2 V supply. Supply voltages other than recommended, may result in additional signal error.

Press

ure Sensor Device Data

2-15

New Products




MPX5100 SERIES

ON-CHIP TEMPERATURE COMPENSATION, CALIBRATION and SIGNAL CONDITIONING

Figure 2 shows the output characteristics of the MPX5100 - |
at 25°C. The output is directly proportional to the differential 45— ¥S 25\!“0" . A
pressure and is essentially a straight line. - M;}’ X51500 hlﬂAX 7
The effects of temperature on full scale span and offset are 35 TYP //
shown in the operating characteristics. =) | 7
This performance over temperature is achieved by 5 8 /»(\ =
integrating the shear-stress strain gauge, temperature E 25 MIN § 5
compensation, calibration and signal conditioning circuitry © 2 E
onto a single monolithic chip. 15 o
1
05 -
0

[ A

0 10 20 30 40 50 60 70 80 90 100 110
PRESSURE (kPa) OFFSET

Figure 2. Output versus Pressure Differential

SILICONE GEL  DIFFERENTIAL/GAUGE

DIECOAT  DIE STAINLESS STEEL S oy~ ABSOLUTE STAINLESS STEEL
\ / METAL COVER DIE / METAL COVER
THERMOPLASTIC \ THERMOPLASTIC
CASE WIRE BOND A J CASE
h ]
B[C))ItElED LEAD FRAME DIE
D|FFERENT|AUGAUGE ELEMENT ABSOLUTE ELEMENT BOND
Figure 3. MPX Pressure Sensor Element Cross Sections
(Not to Scale)

Figure 3 illustrates the differential gauge die in the basic Figure 4 shows a typical decoupling circuit for interfacing
chip carrier (Case 344-08). A silicone gel isolates the die the output of the MPX5100 to the A/D input of a
surface and wire bonds from harsh environments, while microprocessor. Proper decoupling of the power supply is
allowing the pressure signal to be transmitted to the silicon recommended.
diay .

phragm . . MPX5100

The MPX5100 series pressure sensor operating ouTPUT \ AD
characteristics and internal reliability and qualification tests (PIN 1)
are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance 50 pF T~ 51k
and long term stability. Contact the factory for information W PROCESSOR
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side. =

Figure 4. Typical Decoupling Filter for Sensor to
Microprocessor Interface
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MPX5100 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor
as the Pressure (top) side and the Vacuum (back) side. The
Pressure side is the side containing silicone gel which protects
the die from harsh media. The Motorola MPX pressure sensor

is designed to operate with positive differential pressure
applied (i.e., top side pressure is greater than or equal to back
side pressure).

The Pressure side may identified by using the table below:

Pressure
Part Number Case Type Side Identifier

MPX5100A, MPX5100D 867-04 Stainless Steel Cap

MPX5100DP 867C-03 Side with Part Marking
MPX5100AP, MPX5100GP 867B-03 Side with Port Attached
MPX5100GVP 867D-03 Stainless Steel Cap

MPX5100AS, MPX5100GS 867E-02 Side with Port Attached
MPX5100GVS 867A-03 Stainless Steel Cap
MPX5100ASX, MPX5100GSX 867F-02 Side with Port Attached
MPX5100GVSX 867G-02 Stainless Steel Cap

ORDERING INFORMATION:

The MPX5100 pressure sensor is available in absolute, differential and gauge configurations. Devices are available in the basic
element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure

connections.
MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Differential, Absolute 867-04 MPX5100A MPX5100A
MPX5100D MPX5100D
Ported Elements Differential Dual Ports 867C-03 MPX5100DP MPX5100DP
Gauge 867B-03 MPX5100AP MPX5100AP
MPX5100GP MPX5100GP
Gauge Vacuum Port 867D-03 MPX5100GVP MPX5100GVP
Gauge, Absolute Axial 867E-02 MPX5100AS MPX5100A
MPX5100GS MPX5100D
Gauge Vacuum Axial 867A-03 MPX5100GVS MPX5100D
Gauge, Absolute Axial PC Mount 867F-02 MPX5100ASX MPX5100A
MPX5100GSX MPX5100D
Gauge Vacuum Axial PC Mount 867G-02 MPX5100GVSX MPX5100D

Pressure Sensor Device Data
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MOTOROLA

SEMICONDUCTOR NN
TECHNICAL DATA

Advance Information

O to 7.3 PSI

High Zjn, On-Chip Temperature
Compensated & Calibrated,
Silicon Pressure Sensors

MPX7050
SERIES

Motorola Preferred Devices

0-7.3 PSI
The new MPX7050 series pressure sensor incorporates all the innovative X-ducer™
features of Motorola’s MPX2000 series family including the patented, single HIGH Zjp, SILICON
piezoresistive strain gauge (X-ducer) and on-chip temperature compensation and PRESSURE SENSORS

calibration. In addition, the MPX7050 series has a high input impedance of typically
10 kQ for those portable, low power and battery-operated applications.

This device is suitable for those systems in which users
must have a dependable, accurate pressure sensor that
will not consume significant power. The MPX7050
series device is a logical and economical choice for
applications such as portable medical instrumentation,
and remote sensing systems with 4—20 mAmp
transmission.

¢ Temperature Compensated Over 0°C to +85°C

¢ Unique Silicon Shear Stress Strain Gauge

o Full Scale Span Calibrated to 40 mV (typical)

» Easy to Use Chip Carrier Package Options BASIC CHIP DIFFERENTIAL
e Available in Differential and Gauge Configurations CARRIER ELEMENT PORT OPTION
» Ratiometric to Supply Voltage CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs ~Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 400 kPa
Burst Pressure Ppurst 1000 kPa
Supply Voltage (Note 11) VSmax 16 Vdc
Storage Temperature Tstg —-50 to +150 °C
Operating Temperature TA —40to +125 °C

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.
The output voltage of the differential element, differential ported and

K s . X PIN2
gauge ported sensors increases with increasing pressure applied to the —0 +Vout
pressure side relative to the vacuum side. Similarly, output voltage PIN4
increases as increasing vacuum is applied to the vacuum side relative to 0 - Vout

the pressure side of the differential units. Figure 1 shows the schematic of
the MPX7050 sensor circuit. Roff2

\%

>
Rs2
PIN 1 /)M’, LASER TRIMMED ON-CHIP

X-ducer is a trademark of Motorola Inc. .
This document contains information on a new product. Specifications and information herein Flgure 1. Temperatur e Compen.sated Pressure
are subject to change without notice. Sensor Schematic
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MPX7050 SERIES

OPERATING CHARACTERISTICS (Vs = 10 Vdc, TA = 25°C unless otherwise noted)

Characteristics Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 - 50 kPa
Supply Voltage(11) Vs — 10 16 Vdc
Supply Current lo — 1.0 — mAdc
Full Scale Span(2), Figure 5 VEss 385 40 415 mv
Zero Pressure Offset, Figure 5 Voff -1.0 - 1.0 mV
Sensitivity AV/AP — 0.80 — mV/kPa
Linearity(3) Figure 2 — -0.25 - £0.25 %FSS
Pressure Hysteresis(4) — -0.1 — 0.1 %FSS
(0 to 50 kPa)
Temperature Hysteresis(5) (—40°C to +125°C) — — +0.5 — %FSS
Temperature Effect on Full Scale Span(6) TCVEss -1.0 — 1.0 %FSS
(0 to +85°C), Figure 6
Temperature Effect on Offset(?) TCVof -1.0 — 1.0 mV
(0 to +85°C), Figure 6
Input Impedance Zin 5000 10,000 15,000 Q
Output Impedance Zout 2500 3100 6000 Q
Response Time(8) R — 1.0 - ms
(10% to 90%)
Temperature Error Band, Figure 6 — 0 —_ 85 °C
Stability(9) — — +0.5 — %FSS

MECHANICAL CHARACTERISTICS

Characteristics Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 IN3
Volumetric Displacement — — — 0.001 IN3
Common Mode Line Pressure — - — 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Measured at 10 Vdc excitation for 50 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.
. Maximum deviation from end-point straight line fit at 0 and 50 kPa.
. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
Maximum variation of full scale span at 0°C and +85°C relative to +25°C.
. Maximum variation of offset at 0°C and +85°C relative to +25°C.
For a 0 to 50 kPa pressure step change.
Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 50 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential).
11. Recommended voltage supply: 10 V + 0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voitages above +16 V may induce
additional error due to device self-heating.

©COND O A W®
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MPX7050 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Voyt = Voff + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2)
a least squares best line fit. While a least squares fit gives the
“pest case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.

|
| |
LEAST SQUARES FIT: // |
EXAGGERATED Vs |
PERFORMANCE 7 T
7 s |
5 Y | | STRAIGHT LINE
5 LEAST | | DEVIATION
3 SQUARE
u 'l DEVIATION | ¥
[ |
e |
w
S |
g STRAIGHT LINE FIT |
gy |
| |
| |
L | l
OFFSET | |
Y | |
0 50 100

PRESSURE (% FULLSCALE)

Figure 2. Linearity Specification Comparison

EXAMPLE INTERFACE CIRCUITS

Figure 3 is a block diagram of a typical 4—20 mA current
loop system which illustrates a simple two chip solution to
converting pressure to a 4—20 mA signal. This system is
designed to be powered with a 24 Vdc supply. Pressure is
converted to a differential voltage by the Motorola MPX7050
pressure sensor. The voltage signal proportional to the
monitored pressure is then converted to the 4—20 mA current
signal with the Burr-Brown XTR101 Precision Two-Wire

2mA
3 2
XDCRI
D2 MPX7050 R3 4
1N4565A 4 39 5
64V @0.5mA .

R2
1K

Transmitter. The current signal can be monitored by a meter
in a series with the supply or by measuring the voltage drop
across RL. A key advantage to this system is that circuit
performance is not affected by a long transmission line.

For more information, please refer to Application Note
AN1303. Call Motorola Literature Distribution at
1-800-441-2447 to order this Application Note.

—|€—O + 4-20mA OUTPUT

R1

D1
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Figure 3. 4—-20 mA Pressure Transducer
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MPX7050 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 4 shows the output characteristics of the MPX7050
series at 25°C. The output is directly proportional to the
differential pressure and is essentially a straight line.

The effects of temperature on Full Scale Span and Offset

are very small and are shown under Operating Characteristics
and in Figure 5.
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Figure 4. Output versus Pressure Differential Figure 5. Temperature Error Band Limit and
Typical Span and Offset Errors
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Figure 6. Cross-Sectional Diagram

Figure 6 illustrates the differential gauge die in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX7050 series pressure sensor operating
characteristics and internal reliability and qualification tests

are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.

Pressure Sensor Device Data
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MPX7050 SERIES

PRESSURE/VACUUM SIDE Pressure
IDENTIFICATION TABLE Part Number Case Type Side Identifier
Motorola designates the two sides of the pressure sensor MPX7050D 344-08 Stainless Steel Cap

as the Pressure (top) side and the Vacuum (back) side. The - - -
Pressure side is the side containing the silicone gel which MPX7050DP 852-02 Side with Part Marking
protects the die from harsh media. The Motorola MPX MPX7050GP 350-03 Side with Port Attached
pressure sensor is designed to operate with positive

X i . " . . MPX7050GVP 350-04 Stainless Steel Cap
differential pressure applied (i.e., top side pressure is greater
than or equal to back side pressure). MPX7050GS 371-06 Side with Port Attached
_ Elge Pressure side may be identified by using the table at the MPX7050GVS 371-05 Stainless Steel Cap
right.
9 MPX7050GSX 371C-02 Side with Port Attached
MPX7050GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX7050 series pressure sensors are available in differential and gauge configurations. Devices are available in the Basic
Element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking

Basic Element Differential Case 344-08, Style 1 MPX7050D MPX7050D

Ported Elements Differential, Dual Ported Case 352-02 MPX7050DP MPX7050DP
Gauge Case 350-03 MPX7050GP MPX7050GP
Gauge, Vacuum Case 350-04 MPX7050GVP MPX7050GVP
Gauge, Stove Pipe Case 371-06 MPX7050GS MPX7050D
Gauge, Vacuum Stove Pipe Case 371-05 MPX7050GVS MPX7050D
Gauge, Axial Case 371C-02 MPX7050GSX MPX7050D
Gauge, Vacuum Axial Case 371D-02 MPX7050GVSX MPX7050D
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MOTOROLA

SEMICONDUCTOR I

TECHNICAL DATA
Advance Information
O to 14.5 PSI

High Zjn, On-Chip Temperature
Compensated & Calibrated,

Silicon Pressure Sensors

The new MPX7100 series pressure sensor incorporates all the innovative
features of Motorola’s MPX2000 series family including the patented, single
piezoresistive strain gauge (X-ducer) and on-chip temperature compensation and
calibration. In addition, the MPX7100 series has a high input impedance of
typically 10 kQ for those portable, low power and battery-operated applications.

This device is suitable for those systems in which users
must have a dependable, accurate pressure sensor that
will not consume significant power. The MPX7100 series
device is a logical and economical choice for
applications such as portable medical instrumentation,
remote sensing systems with 4—20 mAmp transmission
and field barometers/altimeters.

o Temperature Compensated Over 0°C to +85°C

* Unique Silicon Shear Stress Strain Gauge

o Full Scale Span Calibrated to 40 mV (typical)

» Easy to Use Chip Carrier Package Options

MPX7100
SERIES

Motorola Preferred Devices

0-14.5 PSI
X-ducer™
HIGH Zj, SILICON
PRESSURE SENSORS

) 5 4 é BASIC CHIP DIFFERENTIAL
e Available in Absolute, Differential and Gauge CARRIER ELEMENT PORT OPTION
Configurations CASE 344-08 CASE 352-02
« Ratiometric to Supply Voltage
Pin Number
1 2 3 4
Ground +Vout Vs —Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 400 kPa
Burst Pressure Ppurst 1000 kPa
Supply Voltage (Note 11) VSmax 16 Vdc
Storage Temperature Tstg —-50 to +150 °C
Operating Temperature TA —40 to +125 °C
VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE PIN3 Ri

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.
The absolute basic elements and absolute ported elements have a built

in reference vacuum. The output voltage will decrease as vacuum, relative PIN2 v
to ambient, is drawn on the pressure side. Vacuum down to the reference R /é/ O +Vout
can be measured with the indicated accuracy. P X-ducer Egl 4 v

- Vout

The output voltage of the differential element, differential ported and
gauge ported sensors, increases with increasing pressure applied to the Roffo
pressure side relative to the vacuum side. Similarly, output voltage
increases as increasing vacuum is applied to the vacuum side relative to
the pressure side of the differential units. Figure 1 shows the schematic

>
Rs2
diagram of the MPX7100 sensor circuit. PIN '}Mz LASER TRIMMED ON-CHIP

X-ducer is a trademark of Motorola Inc.
This document contains information on a new product. Specifications and information herein
are subject to change without notice.

A

\%

Figure 1. Temperature Compensated Pressure
Sensor Schematic
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MPX7100 SERIES

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 — 100 kPa
Supply Voltage(11) Vg — 10 16 Vdc
Supply Current lo — 1.0 — mAdc
Full Scale Span(2), Figure 5 MPX7100A, MPX7100D VESsS 38.5 40 415 mv
Zero Pressure Offset, Figure 5 MPX7100D Voff -1.0 — 1.0 mV

MPX7100A -2.0 — 2.0
Sensitivity AV/AP — 0.4 — mV/kPa
Linearity(3)(11) Figure 2 MPX7100A, MPX7100D — -0.25 — +0.25 %FSS
Pressure Hysteresis(4) (0 to 100 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (—40°C to +125°C) — — +0.5 —_ %FSS
Temperature Effect on Full Scale Span(6) (0 to +85°C), Figure 6 TCVFss -1.0 — 1.0 %FSS
Temperature Effect on Offset(7) (0 to +85°C), Figure 6 TCVoft -1.0 — 1.0 mV
Input Impedance Zin 5000 10,000 15,000 Q
Output Impedance Zout 2500 3100 6000 Q
Response Time(8) (10% to 90%) tR — 1.0 — ms
Temperature Error Band, Figure 6 — 0 — 85 °C
Stability(9) — — +0.5 — %FSS
MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — — 2.0 —_ Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 IN3
Volumetric Displacement — — — 0.001 INS
Common Mode Line Pressure — — — 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Measured at 10 Vdc excitation for 100 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.
. Maximum deviation from end-point straight line fit at 0 and 100 kPa.
Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
. Maximum variation of full scale span at 0°C and +85°C relative to +25°C.
Maximum variation of offset at 0°C and +85°C relative to +25°C.
. Fora 0 to 100 kPa pressure step change.
. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 100 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).
11. Recommended voltage supply: 10 V £0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voltages above +16 V may induce additional
error due to device self-heating.

©COND O AW
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MPX7100 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Vout = Voff + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2)
a least squares best line fit. While a least squares fit gives the
“pest case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange
pressure.
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Figure 2. Linearity Specification Comparison

EXAMPLE INTERFACE CIRCUITS

Figure 3 is a block diagram of a typical 4—20 mA current
loop system which illustrates a simple two chip solution to
converting pressure to a 4—-20 mA signal. This system is
designed to be powered with a 24 Vdc supply. Pressure is
converted to a differential voltage by the Motorola MPX7100
pressure sensor. The voltage signal proportional to the
monitored pressure is then converted to the 4—20 mA current
signal with the Burr-Brown XTR101 Precision Two-Wire

2mA
3 2
XDCRI
4
D2 MPX7100 A3

inasesn A . | B 5
6.4V @05 mA I RS:E; .
50 8

R

1k

Transmitter. The current signal can be monitored by a meter
in a series with the supply or by measuring the voltage drop
across Ri. A key advantage to this system is that circuit
performance is not affected by a long transmission line.

For more information, please refer to Application Note
AN1303, or call Motorola Literature Distribution at
1-800-441-2447 to order this Application Note.
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Figure 3. 4 —-20 mA Pressure Transducer
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MPX7100 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 4 shows the output characteristics of the MPX7100
series at 25°C. The output is directly proportional to the
differential pressure and is essentially a straight line.
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Figure 4. Output versus Pressure Differential
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The effects of temperature on Fuil Scale Span and Offset
are very small and are shown under Operating Characteristics
and in Figure 5.
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Figure 5. Temperature Error Band Limit and
Typical Span and Offset Errors
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Figure 6. Cross-Sectional Diagrams (not to scale)

Figure 6 illustrates the absolute sensing configuration
(right) and the differential or gauge configuration in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX7100 series

pressure sensor operating

characteristics and internal reliability and qualification tests
are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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MPX7100 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor differential pressure applied (i.e., top side pressure is greater
as the Pressure (top) side and the Vacuum (back) side. The than or equal to back side pressure).
Pressure side is the side containing the silicone gel which The Pressure side may be identified by using the table
protects the die from harsh media. The Motorola MPX below:

pressure sensor is designed to operate with positive

Pressure
Part Number Case Type Side Identifier

MPX7100A, MPX7100D 344-08 Stainless Steel Cap

MPX7100DP 352-02 Side with Part Marking
MPX7100AP, MPX7100GP 350-03 Side with Port Attached
MPX7100GVP 350-04 Stainless Steel Cap

MPX7100AS, MPX7100GS 371-06 Side with Port Attached
MPX7100GVS 371-05 Stainless Steel Cap
MPX7100ASX, MPX7100GSX 371C-02 Side with Port Attached
MPX7100GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX7100 series pressure sensors are available in absolute, differential and gauge configurations. Devices are available in the
Basic Element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Absolute, Differential Case 344-08, Style 1 MPX7100A MPX7100A
MPX7100D MPX7100D
Ported Elements Differential, Dual Ported Case 352-02 MPX7100DP MPX7100DP
Absolute, Gauge Case 350-03 MPX7100AP MPX7100AP
MPX7100GP MPX7100GP
Gauge Vacuum Case 350-04 MPX7100GVP MPX7100GVP
Absolute, Gauge Stove Pipe Case 371-06 MPX7100AS MPX7100A
MPX7100GS MPX7100D
Gauge Vacuum Stove Pipe Case 371-05 MPX7100GVS MPX7100D
Absolute, Gauge Axial Case 371C-02 MPX7100ASX MPX7100A
MPX7100GSX MPX7100D
Gauge Vacuum Axial Case 371D-02 MPX7100GVSX MPX7100D
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MOTOROLA

SEMICONDUCTOR I

TECHNICAL DATA

Advance Information
O to 29 PSI

High Zjn, On-Chip Temperature
Compensated & Calibrated,
Silicon Pressure Sensors

The new MPX7200 series pressure sensor incorporates all the innovative features
of Motorola’s MPX2000 series family including the patented, single piezoresistive
strain gauge (X-ducer) and on-chip temperature compensation and calibration.

In addition, the MPX7200 series has a high input impedance of typically 10 kQ

for those portable, low power and battery-operated
applications. This device is suitable for those systems
in which users must have a dependable, accurate
pressure sensor that will not consume significant
power. The MPX7200 series device is a logical

and economical choice for applications such as
portable medical instrumentation, remote sensing
systems with 4—20 mAmp transmission and field
barometers/altimeters.

» Temperature Compensated Over 0°C to +85°C
* Unique Silicon Shear Stress Strain Gauge

MPX7200
SERIES

Motorola Preferred Devices

0-29 PSI
X-ducer™
HIGH Zj, SILICON
PRESSURE SENSORS

o Full Scale Span Calibrated to 40 mV (typical) BASIC CHIP DIFFERENTIAL
o Easy to Use Chip Carrier Package Options CARRIER ELEMENT PORT OPTION
» Available in Absolute, Differential and Gauge CASE 344-08 CASE 352-02
Configurations
* Ratiometric to Supply Voltage
Pin Number
1 2 3 4
Ground +Vout Vs —Vout
MAXIMUM RATINGS
Rating Syimibol Value Uit
Overpressure Pmax 400 kPa
Burst Pressure Ppurst 2000 kPa
Supply Voltage (Note 11) VS max 16 Vdc
Storage Temperature Tstg —50to +150 °C
Operating Temperature TA —40to +125 °C

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.

The absolute basic elements and absolute ported elements have a built
in reference vacuum. The output voltage will decrease as vacuum, relative
to ambient, is drawn on the pressure side. Vacuum down to the reference
can be measured with the indicated accuracy.

The output voltage of the differential element, differential ported and
gauge ported sensors, increases with increasing pressure applied to the
pressure side relative to the vacuum side. Similarly, output voltage
increases as increasing vacuum is applied to the vacuum side relative to
the pressure side of the differential units. Figure 1 shows the schematic
diagram of the MPX7200 sensor circuit.

X-ducer is a trademark of Motorola Inc.
This document contains information on a new product. Specifications and information herein
are subject to change without notice.

PIN 2
—0 +Vout

PIN 4
O - Vout

Roff2

A

\'a

>
Rs2
PIN1 ')0& LASER TRIMMED ON-CHIP

Figure 1. Temperature Compensated Pressure
Sensor Schematic
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MPX7200 SERIES

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Tp = 25°C unless otherwise noted)

Characteristic Symbol Min ~ Typ Max Unit
Pressure Range(1) POP 0 — 200 kPa
Supply Voltage(11) Vg — 10 16 Vdc
Supply Current lo — 1.0 — mAdc
Full Scale Span(2), Figure 5 MPX7200A, MPX7200D VESS 38.5 40 415 mV
Zero Pressure Offset, Figure 5 MPX7200D Voff -1.0 - 1.0 mV

MPX7200A -2.0 — 2.0
Sensitivity AV/AP — 0.2 — mV/kPa
Linearity(3)(11) Figure 2 MPX7200A, MPX7200D — -0.25 — 0.25 %FSS
Pressure Hysteresis(4) (0 to 200 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (—40°C to +125°C) — — +0.5 — %FSS
Temperature Effect on Full Scale Span(6) (0 to +85°C), Figure 5 TCVEss -1.0 — 1.0 %FSS
Temperature Effect on Offset(?) (0 to +85°C), Figure 5 TCVoff -1.0 — 1.0 mV
Input Impedance Zin 5000 10,000 15,000 Q
Output Impedance Zout 2500 3100 6000 Q
Response Time(8) (10% to 90%) tR — 1.0 — ms
Temperature Error Band, Figure 6 — 0 — 85 °C
Stability(9) — — +0.5 — %FSS
MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement _— — — 0.001 IN3
Common Mode Line Pressure — —_ - 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Measured at 10 Vdc excitation for 200 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale
output and zero pressure offset.
. Maximum deviation from end-point straight line fit at 0 and 200 kPa.
Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
Maximum variation of full scale span at 0°C and +85°C relative to +25°C.
. Maximum variation of offset at 0°C and +85°C relative to +25°C.
. For a 0 to 200 kPa pressure step change.
Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a.1000 temperature cycles, —40°C to +125°C.
b.1.5 million pressure cycles, 0 to 200 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).
11. Recommended voltage supply: 10 V £0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voltage above +16 V may induce
additional error due to device self-heating.

oCENO O AL
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MPX7200 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Vout = Voff + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2)
a least squares best line fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange
pressure.
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Figure 2. Linearity Specification Comparison

EXAMPLE CIRCUITS

The MPX7000 series, high Zj, devices with on-chip
compensation and calibration circuitry, are ideal for users with
applications requiring low current draw. Figure 3 shows an
example of a battery driven manometer circuit employing an
MPX7200D (29 psi).

150 Q

3-1/2D
200 mV
| DVM

Full-scale output equals 200 mV; use R1 to scale conversion units, R2 to
adjust Offset.

Figure 3. Battery Operated,
DVM Compatible Manometer
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MPX7200 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 4 shows the output characteristics of the MPX7200
series at 25°C. The output is directly proportional to the

differential pressure and is essentially a straight line.

The effects of temperature on Full Scale Span and Offset
are very small and are shown under Operating Characteristics
and in Figure 5.
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Figure 6. Cross-Sectional Diagrams (not to scale)

Figure 6 illustrates the absolute sensing configuration
(right) and the differential or gauge configuration in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon

characteristics and internal reliability and qualification tests
are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

diaphragm. NOTE: Stainless steel cap is not installed on devices with
The MPX7200 series pressure sensor operating a port attached on the pressure (gel) side.
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MPX7200 SERIES

PORT DESIGNATION
Motorola designates the two sides of the pressure sensor differential pressure applied (i.e., top side pressure is greater
as the Pressure (top) side and the Vacuum (back) side. The than or equal to back side pressure).
Pressure side is the side containing the silicone gel which The Pressure side may be identified by using the table
protects the die from harsh media. The Motorola MPX below:

pressure sensor is designed to operate with positive

. Pressure
Part Number Case Type Side Identifier

MPX7200A, MPX7200D 344-08 Stainless Steel Cap

MPX7200DP 352-02 Side with Part Marking
MPX7200AP, MPX7200GP 350-03 Side with Port Attached
MPX7200GVP 350-04 Stainless Steel Cap

MPX7200AS, MPX7200GS 371-06 Side with Port Attached
MPX7200GVS 371-05 Stainless Steel Cap
MPX7200ASX, MPX7200GSX 371C-02 Side with Port Attached
MPX7200GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX7200 series pressure sensors are available in absolute, differential and gauge configurations. Devices are available in the
Basic Element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Absolute, Differential Case 344-08, Style 1 MPX7200A MPX7200A
MPX7200D MPX7200D
Ported Elements Differential Case 352-02 MPX7200DP MPX7200DP
Absolute, Gauge Case 350-03 MPX7200AP MPX7200AP
MPX7200GP MPX7200GP
Gauge Vacuum Case 350-04 MPX7200GVP MPX7200GVP
Absolute, Gauge Stove Pipe Case 371-06 MPX7200AS MPX7200A
MPX7200GS MPX7200D
Gauge Vacuum Stove Pipe Case 371-05 MPX7200GVS MPX7200D
Absolute, Gauge Axial Case 371C-02 MPX7200ASX MPX7200A
MPX7200GSX MPX7200D
Gauge Vacuum Axial Case 371D-02 MPX7200GVSX MPX7200D
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

MPX10
MPX11

MPX12
SERIES

O to 1.5 PSI
Uncompensated,
Silicon Pressure Sensors

The MPX10, MPX11 and MPX12 series device is a silicon piezoresistive pressure
sensors providing a very accurate and linear voltage output — directly proportional
to the applied pressure. This standard, low cost, uncompensated sensor permits
manufacturers to design and add their own external temperature compensating and 0-1.5 Psl
signal conditioning networks. Compensation techniques are simplified because of X-ducer™
the predictability of Motorola’s single element strain gauge design. SILICON

It is designed for applications in air movement control, environmental control PRESSURE SENSORS
systems, fluid level measurement, leak detection, medical instruments, industrial
controls, etc.

o Low Cost

¢ Patented Silicon Shear Stress Strain Gauge Design
¢ £1.0% of Full Scale Linearity (typical)

* Ratiometric to Supply Voltage

¢ Easy to Use Chip Carrier Package Options

BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs —Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 100 kPa
Burst Pressure Ppurst 1000 kPa
Supply Voltage VSmax 6.0 Vdc
Storage Temperature Tstg —50to +150 °C
Operating Temperature TA —40to +125 °C
VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE
. . - ) PIN3 © +Vg
The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied. PIN2
The output voltage of the differential element, differential ported and +Vout
gauge ported sensors increases with increasing pressure applied to the X-ducer
pressure side relative to the vacuum side. Similarly, output voltage PIN 4
increases as increasing vacuum is applied to the vacuum side relative to ~Vout

the pressure side of the differential units.

The output voltage of the gauge vacuum ported sensor increases with
increasing vacuum (decreasing pressure) applied to the vacuum side with
the pressure side at ambient. Figure 1 shows the schematic diagram of the
MPX10 sensor circuit.

Figure 1. Uncompensated Pressure
Sensor Schematic

X-ducer is a trademark of Motorola Inc.
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MPX10 « MPX11 « MPX12 SERIES

OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Differential Pressure Range(1), Figure 2 POP 0 — 10 kPa
Supply Voltage Vg — 3.0 6.0 Vdc
Supply Current lo — 6.0 — mAdc
Full Scale Span, Figure 2 MPX10 VESS 20 35 50 mV
MPX11 30 50 60
MPX12 45 55 70
Zero Pressure Offset, Figure 2 Voff 0 20 35 mV
Sensitivity MPX10 V/P — 3.5 — mV/kPa
MPX11 — 5.0 _
MPX12 — 5.5 —
Linearity(2), Figure 4 MPX10 — -1.0 — 1.0 %FS
MPX11 -0.5 — +3.0
MPX12 0 _ 5.0
Pressure Hysteresis(3) (0 to 10 kPa) — -0.1 — 0.1 %FS
Temperature Hysteresis(4) (-40°C to +125°C) — — 0.5 - %FS
Temperature Coefficient of Full Scale Span(5) TCVEss ~0.22 -0.19 -0.16 %I°C
Temperature Coefficient of Offset(6) TCVoff — +15 — pv/ee
Temperature Coefficient of Resistance(7) TCR 0.21 0.24 0.27 %/°C
Input Impedance Zin 400 — 550 Q
Output Impedance Zout 750 — 1250 Q
Response Time(8) (10% to 90%) tR — 1.0 — ms
Stability(9) — — +0.5 — %FS
MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — - 0.01 IN3
Volumetric Displacement — — — 0.001 IN3
Common Mode Line Pressure - — —_ 690 kPa

NOTES:
. 1.0 kPa (kiloPascal) equals 0.145 PSI.

. For a 0 to 10 kPa pressure step change.

CONDOAWN =

a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 10 kPa.

. Maximum deviation from end-point straight line fit at 0 and 10 kPa.

. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
. Slope of end-point straight line fit to full scale span at —40°C and +125°C, relative to +25°C.
Slope of end-point straight line fit to zero pressure offset at —40°C and +125°C, relative to resistance at +25°C.
. Slope of end-point straight line fit to input resistance at —40°C and +125°C, relative to resistance at +25°C.

. Stability (+0.5%FS typical) is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
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MPX10 « MPX11 « MPX12 SERIES

TEMPERATURE COMPENSATION

Figure 2 shows the output characteristics of the MPX10
series at 25°C.

The X-ducer piezoresistive pressure sensor element is a
semiconductor device which gives an electrical output signal
proportional to the pressure applied to the device. This device
uses a unique transverse voltage diffused semiconductor
strain gauge which is sensitive to stresses produced in a thin
silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to
differences in the thermal expansion of the strain gauge and
the diaphragm, as are often encountered in bonded strain
gauge pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over an
extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components
or on-chip by using MPX2100 Series.

Several approaches to external temperature compensation
overboth—40to +125°C and 0to +80°C ranges are presented
in Motorola Applications Note AN840. Refer to the Application
Notes section.

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Vout = Voff + sensitivity x P over the operating
pressure range (see Figure 3). There are two basic methods
for calculating nonlinearity: (1) end point straight line fit or (2)
aleast squares best line fit. While a least squares fit gives the
“pest case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.
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Figure 4. MPX Differential Pressure Sensor Element Cross Section

Figure 4 illustrates the differential gauge die in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX10 series pressure sensor operating
characteristics and internal reliability and qualification tests

are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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MPX10 « MPX11 « MPX12 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor
as the Pressure (top) side and the Vacuum (back) side. The
Pressure side is the side containing silicone gel which protects
the die from harsh media. The Motorola MPX pressure sensor
is designed to operate with positive differential pressure

applied (i.e., top side pressure is greater than or equal to back
side pressure).

The Pressure side may be identified by using the table
below:

Part Number Case Type Pressure Side Identifier

MPX10D MPX11D MPX12D 344-08 Stainless Steel Cap
MPX10DP MPX11DP MPX12DP 352-02 Side with Part Marking
MPX10GP MPX11GP MPX12GP 350-03 Side with Port Attached
MPX10GVP MPX11GVP MPX12GVP 350-04 Stainless Steel Cap
MPX10GS MPX11GS MPX12GS 371-06 Side with Port Attached
MPX10GVS MPX11GVS MPX12GVS 371-05 Stainless Steel Cap
MPX10GSX MPX11GSX MPX12GSX 371C-02 Side with Port Attached
MPX10GVSX MPX11GVSX MPX12GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION

MPX10 series pressure sensors are available in differential and gauge configurations. Devices are available in the Basic
Element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Differential Case 344-08 MPX10D MPX10D
MPX11D MPX11D
MPX12D MPX12D
Ported Elements Differential Case 352-02 MPX10DP MPX10DP
MPX11DP MPX11DP
MPX12DP MPX12DP
Gauge Case 350-03 MPX10GP MPX10GP
MPX11GP MPX11GP
MPX12GP MPX12GP
Gauge Vacuum Case 350-04 MPX10GVP MPX10GVP
MPX11GVP MPX11GVP
MPX12GVP MPX12GVP
Gauge Stove Pipe Case 371-06 MPX10GS MPX10D
MPX11GS MPX11D
MPX12GS MPX12D
Gauge Vacuum Stove Pipe Case 371-05 MPX10GVS MPX10D
MPX11GVS MPX11D
MPX12GVS MPX12D
Gauge Axial Case 371C-02 MPX10GSX MPX10D
MPX11GSX MPX11D
MPX12GSX MPX12D
Gauge Vacuum Axial Case 371D-02 MPX10GVSX MPX10D
MPX11GVSX MPX11D
MPX12GVSX MPX12D

Pressure Sensor Device Data

3-5

Data Sheets




MOTOROLA

SEMICONDUCTOR |

TECHNICAL DATA

0 to 7.3 PSI
Uncompensated,
Silicon Pressure Sensors

The MPX50, MPX51 and MPX52 series silicon piezoresistive pressure

sensors provide a very accurate and linear voltage output — directly proportional

MPX50
MPX51

MPX52
SERIES

0-7.3 PSI
X-ducer™

to the applied pressure. This standard, low cost, uncompensated sensor permits
manufacturers to design and add their own external temperature compensating
and signal conditioning networks. Compensation techniques are simplified
because of the predictability of Motorola’s single element strain gauge design.

SILICON
PRESSURE SENSORS

o Low Cost

* 0 to 50 kPa (0 to 7.3 PSI) Differential Pressure Range
® £0.05% Full Scale Linearity (typical)

» Patented Silicon Shear Stress Strain Gauge Design

» Ratiometric to Supply Voltage

¢ Easy to Use Chip Carrier Package Options

BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs —Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 200 kPa
Burst Pressure Pburst 500 kPa
Supply Voltage VSmax 6.0 Vdc
Storage Temperature Tstg -50to +150 °C
Operating Temperature TA —40to +125 °C
VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE PIN3

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.

The output voltage of the differential element, differential ported and
gauge ported sensors increases with increasing pressure applied to the
pressure side relative to the vacuum side. Similarly, output voltage
increases as increasing vacuum is applied to the vacuum side relative to
the pressure side of the differential units.

The output voltage of the gauge vacuum ported sensor increases with
increasing vacuum (decreasing pressure) applied to the vacuum side with
the pressure side at ambient. Figure 1 shows the schematic diagram of the
MPX50 sensor circuit.

X-ducer is a trademark of Motorola Inc.

PIN2
+Vout

X-ducer

PIN 4
- Vout

Figure 1. Uncompensated Pressure
Sensor Schematic
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MPX50 « MPX51 « MPX52 SERIES

OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

Pressure Range(1), Figure 2 POP 0 — 50 kPa
Supply Voltage Vg — 3.0 6.0 Vdc
Supply Current lo — 6.0 — mAdc
Full Scale Span(2), Figure 2 ' MPX50 VESS 45 60 90 mv

MPX51 30 45 60

MPX52 30 60 90
Zero Pressure Offset, Figure 2 Voff 0 20 35 myV
Sensitivity MPX50, MPX52 Vv/P — 1.2 — mV/kPa

MPX51 —_ 0.9 —
Linearity(3) MPX50, MPX51 — -0.1 +0.05 0.1 %FSS

MPX52 — -0.5 +0.3 0.5
Pressure Hysteresis(4) (0 to 50 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (— 40°C to +125°C) — — +05 — %FSS
Temperature Effect of Full Scale Span(6) TCVESS -0.22 -0.19 -0.16 %/°C
Temperature Effect of Offset(7) TCVoff — +15 — uv/eC
Temperature Coefficient of Resistance(8) TCR 0.21 0.24 0.27 %/°C
Input Impedance Zin 400 — 550 Q
Output Impedance Zout 750 — 1250 Q
Response Time(9) (10% to 90%) tR — 1.0 — ms
Stability(10) — — +0.5 - %FSS

MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit

Weight (Basic Element Case 344-08) — — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 IN3
Volumetric Displacement —_ — — 0.001 IN3
Common Mode Line Pressure — — — 690 kPa

NOTES:
1. 1 kPa (kiloPascal) equals 0.145 PSI.

n

between full scale output and zero pressure offset.
Maximum deviation from end-point straight line fit at 0 and 50 kPa.

For a 0 to 50 kPa pressure step change.

SN A®

a. 1000 temperature cycles, — 40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 50 kPa.

Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.

Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range — 40°C to +125°C.
Slope of end-point straight line fit to full scale span at — 40°C and +125°C, relative to +25°C.
. Slope of end-point straight line fit to zero pressure offset at — 40°C and +125°C, relative to +25°C.
. Slope of end-point straight line fit to input resistance at — 40°C and +125°C, relative to +25°C.

Measured at 3.0 Vdc excitation for 50 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference

Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
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MPX50 « MPX51 « MPX52 SERIES

TEMPERATURE COMPENSATION

Figure 2 shows the output characteristics of the MPX50
series at 25°C.

The X-ducer piezoresistive pressure sensor element is a
semiconductor device which gives an electrical output signal
proportional to the pressure applied to the device. This device
uses a unique transverse voltage diffused semiconductor
strain gauge which is sensitive to stresses produced in a thin
silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to
differences in the thermal expansion of the strain gauge and
the diaphragm, as are often encountered in bonded strain
gauge pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over an
extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components
or on-chip by using MPX2100 series.

Several approaches to external temperature compensation
over both—40to+125°C and 0to +80°C ranges are presented
in Motorola Applications Note AN840. Refer to the Application
Notes section.

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Voyut = Voff + sensitivity x P over the operating
pressure range (see Figure 3). There are two basic methods
for calculating nonlinearity: (1) end point straight line fit or (2)
a least squares best line fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured atthe midrange pressure.
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Figure 4. MPX Differential Pressure Sensor Element Cross Section

Figure 4 illustrates the differential gauge die in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX50 series pressure sensor operating
characteristics and internal reliability and qualification tests

are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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MPX50 « MPX51 « MPX52 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor applied (i.e., top side pressure is greater than or equal to back
as the Pressure (top) side and the Vacuum (back) side. The side pressure).
Pressure side is the side containing silicone gel which protects The Pressure side may be identified by using the table
the die from harsh media. The Motorola MPX pressure sensor below:
is designed to operate with positive differential pressure

Part Number Case Type Pressure Side Identifier

MPX50D MPX51D MPX52D 344-08 Stainless Steel Cap

MPX50DP MPX51DP MPX52DP 352-02 Side with Part Marking

MPX50GP MPX51GP MPX52GP 350-03 Side with Port Attached

MPX50GVP MPX51GVP MPX52GVP 350-04 Stainless Steel Cap

MPX50GS MPX51GS MPX52GS 371-06 Side with Port Attached

MPX50GVS MPX51GVS MPX52GVS 371-05 Stainless Steel Cap

MPX50GSX MPX51GSX MPX52GSX 371C-02 Side with Port Attached

MPX50GVSX MPX51GVSX MPX52GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION

MPX50 series pressure sensors are available in differential and gauge configurations. Devices are available with Basic Element
package with or without the pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Differential Case 344-08, Style 1 MPX50D MPX50D
MPX51D MPX51D
MPX52D MPX52D
Ported Elements Differential Case 352-02 MPX50DP MPX50DP
MPX51DP MPX51DP
MPX52DP MPX52DP
Gauge Case 350-03 MPX50GP MPX50GP
MPX51GP MPX51GP
MPX52GP MPX52GP
Gauge Vacuum Case 350-04 MPX50GVP MPX50GVP
MPX51GVP MPX51GVP
MPX52GVP MPX52GVP
Gauge Stovepipe Case 371-06 MPX50GS MPX50D
MPX51GS MPX51D
MPX52GS MPX52D
Gauge Vacuum Stovepipe Case 371-05 MPX50GVS MPX50D
MPX51GVS MPX51D
MPX52GVS MPX52D
Gauge Axial Case 371C-02 MPX50GSX MPX50D
MPX51GSX MPX51D
MPX52GSX MPX52D
Gauge Vacuum Axial Case 371D-02 MPX50GVSX MPX50D
MPX51GVSX MPX51D
MPX52GVSX MPX52D

Pressure Sensor Device Data 3-9 Data Sheets



MOTOROLA

SEMICONDUCTOR N ———
TECHNICAL DATA

O to 14.5 PSI MPX100
Uncompensated, SERIES
Silicon Pressure Sensors

The MPX100 series device is a silicon piezoresistive pressure sensor

providing a very accurate and linear voltage output — directly proportional to the 0-14.5 PSI
applied pressure. This standard, low cost, uncompensated sensor permits X-ducer™
manufacturers to design and add their own external temperature compensating SILICON

and signal conditioning networks. Compensation techniques are simplified PRESSURE SENSORS

because of the predictability of Motorola’s single element strain gauge design.

It is designed for applications in the pump/motor
controllers, robotics, level indicators, medical
diagnostics, pressure switching, barometers and
altimeters.

o Low Cost

o Patented, Silicon Shear Stress Strain Gauge Design
* £0.1% (Max) Full Scale Linearity

¢ Easy to Use Chip Carrier Package Options

« Ratiometric to Supply Voltage

BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs ~Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 200 kPa
Burst Pressure Ppurst 2000 kPa
Supply Voltage VSmax 6.0 Vdc
Storage Temperature Tstg -50 to +150 °C
Operating Temperature TA —40to +125 °C

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.

The output voltage of the differential element, differential ported and
gauge ported sensors increases with increasing pressure applied to the
pressure side relative to the vacuum side. Similarly, output voltage PIN 4

PIN3

PIN 2
+Vout

increases as increasing vacuum is applied to the vacuum side relative to - Vout
the pressure side of the differential units.
The output voltage of the gauge vacuum ported sensor increases with
increasing vacuum (decreasing pressure) applied to the vacuum side with
the pressure side at ambient. Figure 1 illustrates the simple schematic Figure 1. Uncompensated Pressure

diagram of the MPX100 sensor circuit. Sensor Schematic

X-ducer is a trademark of Motorola Inc.
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MPX100 SERIES

OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) PoP 0 — 100 kPa
Supply Voltage Vg — 3.0 6.0 Vdc
Supply Current lo — 6.0 - mAdc
Full Scale Span(2), Figure 4 VESs 45 60 90 mv
Zero Pressure Offset, Figure 4 Voff 0 20 35 mvV
Sensitivity V/P — 0.6 — mV/kPa
Linearity(3) Figure 2 — -0.1 — 0.1 %FSS
Pressure Hysteresis(4) (0 to 200 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (-40°C to +125°C) — e +0.5 — %FSS
Temperature Effect on Full Scale Span(6) (0 to +85°C), Figure 4 TCVEssS -0.22 -0.19 -0.16 %/°C
Temperature Effect on Offset(7) TCVoff — £15 — uv/ec
Input Impedance Zin 400 — 550 Q
Output Impedance Zout 750 — 1250 Q
Response Time(8) (10% to 90%) tR —_ 1.0 — ms
Stability(9) — -0.5 — 0.5 %FSS

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — —_— 2.0 — Grams
Warm-Up — —_ 15 — Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement — — —_ 0.001 INS
Common Mode Line Pressure —_ — — 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Measured at 3.0 Vdc excitation for 100 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.
. Maximum deviation from end-point straight line fit at 0 and 100 kPa.
. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
Maximum variation of full scale span at 0°C and +85°C, relative to +25°C.
Maximum variation of offset at 0°C and +85°C, relative to +25°C.
. For a 0 to 100 kPa pressure step change.
. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 100 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).

©CONO O A®
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MPX100 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Voyut = Voff + sensitivity x P over the operating
pressure range (see Figure 2). There are two basic methods
for caiculating nonlinearity: (1) end point straight line fit or (2)
a least squares best line fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worse case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.

TEMPERATURE COMPENSATION

Figure 3 shows the output characteristics of the MPX100
series at 25°C.

The X-ducer piezoresistive pressure sensor element is a
semiconductor device which gives an electrical output signal
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Figure 2. Linearity Specification Comparison
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proportional to the pressure applied to the device. This device
uses a unique transverse voltage diffused semiconductor
strain gauge which is sensitive to stresses produced in a thin
silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to
differences in the thermal expansion of the strain gauge and
the diaphragm, as are often encountered in bonded strain
gauge pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over an
extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components.

Several approaches to external temperature compensation
overboth—40to +125°C and 0 to + 80°C ranges are presented
in Motorola Applications Note AN840. Refer to the Application
Notes section.
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Figure 4. Cross-Sectional Diagrams

Figure 4 illustrates the absolute sensing configuration
(right) and the differential or gauge configuration in the basic
chip carrier (Case 344-08). A silicone gel helps protect the die
surface and wire bond from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX100 series pressure

sensor operating

characteristics and internal reliability and qualification tests
are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.

Data Sheets

3-12 Pressure Sensor Device Data



MPX100 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor differential pressure applied (i.e., top side pressure is greater
as the Pressure (top) side and the Vacuum (back) side. The than or equal to back side pressure).
Pressure side is the side containing the silicone gel which The Pressure side may be identified by using the table
protects the die from harsh media. The Motorola MPX below:

pressure sensor is designed to operate with positive

Pressure
Part Number Case Type Side Identifier

MPX100A, MPX100D 344-08 Stainless Steel Cap

MPX100DP 352-02 Side with Part Marking
MPX100AP, MPX100GP 350-03 Side with Port Attached
MPX100GVP 350-04 Stainless Steel Cap

MPX100AS, MPX100GS 371-06 Side with Port Attached
MPX100GVS 371-05 Stainless Steel Cap

MPX100ASX, MPX100GSX 371C-02 Side with Port Attached
MPX100GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX100 series pressure sensors are available in absolute, differential and gauge configurations. Devices are available in the
basic element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

Device Type Options Case Type MPX Series Device Marking
Basic Element Absolute, Differential Case 344-08, Style 1 MPX100A MPX100A
MPX100D MPX100D
Ported Elements | Differential Case 352-02 MPX100DP MPX100DP
Absolute, Gauge Case 350-03 MPX100AP MPX100AP
MPX100GP MPX100GP
Gauge Vacuum Case 350-04 MPX100GVP MPX100GVP
Absolute, Gauge Stove Pipe Case 371-06 MPX100AS MPX100A
MPX100GS MPX100D
Gauge Vacuum Stove Pipe Case 371-05 MPX100GVS MPX100D
Absolute, Gauge Axial Case 371C-02 MPX100ASX MPX100A
MPX100GSX MPX100D
Gauge Vacuum Axial Case 371D-02 MPX100GVSX MPX100D
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MOTOROLA

SEMICONDUCTOR I
TECHNICAL DATA

0 to 29 PSI MPX200
Uncompensated, MPX201
Silicon Pressure Sensors SERIES

The MPX200 and MPX201 series device is a silicon piezoresistive pressure
sensors provide a very accurate and linear voltage output — directly proportional

to the applied pressure. This standard, low cost, uncompensated sensor permits 0-29 PSI
manufacturers to design and add their own external temperature compensating X-ducer™
and signal conditioning networks. Compensation techniques are simplified SILICON
because of the predictability of Motorola’s single element strain gauge design. PRESSURE SENSORS

It is designed for applications such as pump/motor controllers, robotics, level
indicators, medical diagnostics, pressure
switching, barometers, altimeters, etc.

« Low Cost

» Patented Silicon Shear Stress Strain Gauge
® £0.25% (max) Full Scale Linearity

e Full Scale Span 60 mV (Typ)

¢ Easy to Use Chip Carrier Package Options @

» Ratiometric to Supply Voltage

BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs ~Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 400 kPa
Burst Pressure Ppurst 2000 kPa
Supply Voltage (Note 12) VSmax 6.0 Vdc
Storage Temperature Tstg —50 to +150 °C
Operating Temperature TA —40to +125 °C

VOLTAGE OUTPUT versus APPLIED PRESSURE

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.

The absolute elements have a built in reference vacuum. The output
voltage will decrease as vacuum, relative to ambient, is drawn on the PIN2

PIN3

pressure side. +Vout
The output voltage of the differential element, differential ported and

gauge ported sensors increases with increasing pressure applied to the PIN4

pressure side relative to the vacuum side. Similarly, output voltage ~Vout

increases as increasing vacuum is applied to the vacuum side relative to
the pressure side of the differential units.

The output voltage of the gauge vacuum ported sensor increases with
increasing vacuum (decreasing pressure) applied to the vacuum side with
the pressure side atambient. Figure 1 shows the schematic diagram of the
MPX200 sensor circuit.

Figure 1. Uncompensated Pressure
Sensor Schematic

X-ducer is a trademark of Motorola Inc.
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MPX200 « MPX201 SERIES

OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) PoP 0 — 200 kPa
Supply Voltage Vg — 3.0 6.0 Vdc
Supply Current lo —-— 6.0 — mAdc
Full Scale Span(2), Figure 4 VEss 45 60 90 mv
Zero Pressure Offset, Figure 4 Voff 0 20 35 mvV
Sensitivity V/P — 0.3 —_ mV/kPa
Linearity(3) Figure 2 MPX200 — -0.25 — 0.25 %FSS
MPX201 — -0.35 — 0.35

Pressure Hysteresis(4) — -0.1 — 0.1 %FSS

(0 to 200 kPa)
Temperature Hysteresis(5) (-40°C to +125°C) — — 0.5 — %FSS
Temperature Effect on Full Scale Span(6) TCVESs -0.22 -0.19 -0.16 %/°C

(0 to +85°C), Figure 4
Temperature Effect on Offset(7) TCVoff — +15 — uv/°C
Input Impedance Zin 400 — 550 Q
Output Impedance Zout 750 — 1250 Q
Response Time(8) R —_ 1.0 — ms

(10% to 90%)
Stability(9) — — +0.5 - %FSS

MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit

Weight (Basic Element Case 344-08) - - 2.0 - Grams
Warm-Up — - 15 — Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement — - — 0.001 INS
Common Mode Line Pressure —_ —_ - 690 kPa

NOTES:

1. 1.0 kPa (kiloPascal) equals 0.145 PSI.

2. Measured at 3.0 Vdc excitation for 200 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.

3. Maximum deviation from end-point straight line fit at 0 and 200 kPa.

4. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.

5. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.

6. Maximum variation of full scale span at 0°C and +85°C, relative to +25°C.

7. Maximum variation of offset at 0°C and +85°C, relative to +25°C.

8. For a 0 to 200 kPa pressure step change.

9. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 200 kPa.

10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).
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MPX200 « MPX201 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Voyt = Voff + sensitivity x P over the operating
pressure range (see Figure 2). There are two basic methods
for calculating nonlinearity: (1) end point straight line fit or (2)
aleast squares best line fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worse case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.

TEMPERATURE COMPENSATION

Figure 3 shows the output characteristics of the MPX200
series at 25°C. The output is directly proportional to the
pressure and is essentially a straight line.

I
|
LEAST SQUARES FIT Z 7/ :
| EXAGGERATED 7/ |
2 | PERFORMANCE 7| 7/ i K
3 STRAIGHT LINE
< | LEAST, | DEVIATION
& SQUARE
= r/ DEVIATION| | ¥
o | |
>
o |
=
5 END POINT |
o ?THAIGHT LINE FIT I
| |
| |
OFFSET | [
| |
0 50 100
PRESSURE (% FULLSCALE)

Figure 2. Linearity Specification Comparison
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The X-ducer piezoresistive pressure sensor element is a
semiconductor device which gives an electrical output signal
proportional to the pressure applied to the device. This device
uses a unique transverse voltage diffused semiconductor
strain gauge which is sensitive to stresses produced in a thin
silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to
differences in the thermal expansion of the strain gauge and
the diaphragm, as are often encountered in bonded strain
gauge pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over an
extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components.

Several approaches to external temperature compensation
overboth—40to0 +125°C and 0 to + 80°C ranges are presented
in Motorola Applications Note AN840. Refer to the Application
Notes section.

LEAD FHAMMDE

ABSOLUTE ELEMENT BOND

Figure 4. Cross-Sectional Diagrams

Figure 4 illustrates the absolute sensing configuration (left)
and the differential or gauge configuration in the basic chip
carrier (Case 344-08). A silicone gel isolates the die surface
and wire bond from harsh environments, while allowing the
pressure signalto be transmitted to the silicon diaphragm. The
MPX200 series pressure sensor operating characteristics and
internal reliability and qualification tests are based on use of

dry air as the pressure media. Media other than dry air may
have adverse effects on sensor performance and long term
stability. Contact the factory for information regarding media
compatibility in your application.

NOTE: Stainless steel cap is not installed on device with a
port attached on the pressure (gel) side.
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MPX200 « MPX201 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor differential pressure applied (i.e., top side pressure is greater
as the Pressure (top) side and the Vacuum (back) side. The than or equal to back side pressure).
Pressure side is the side containing the silicone gel which The Pressure side may be identified by using the table
protects the die from harsh media. The Motorola MPX below:

pressure sensor -is designed to operate with positive

Part Number Case Type Pressure Side Identifier

MPX200A, MPX200D MPX201A, MPX201D 344-08 Stainless Steel Cap

MPX200DP MPX201DP 352-02 Side with Part Marking

MPX200AP, MPX200GP MPX201AP, MPX201GP 350-03 Side with Port Attached
MPX200GVP MPX201GVP 350-04 Stainless Steel Cap

MPX200AS, MPX200GS MPX201AS, MPX201GS 371-06 Side with Port Attached
MPX200GVS MPX201GVS 371-05 Stainless Steel Cap

MPX200ASX, MPX200GSX MPX201ASX, MPX201GSX 371C-02 Side with Port Attached
MPX200GVSX MPX201GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX200 series pressure sensors are available in absolute, differential and gauge configurations. Devices are available in the
basic element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Absolute, Differential Case 344-08, Style 1 MPX200A MPX200A
MPX200D MPX200D
MPX201A MPX201A
MPX201D MPX201D
Ported Elements Differential Case 352-02 MPX200DP MPX200DP
MPX201DP MPX201DP
Absolute, Gauge Case 350-03 MPX200AP MPX200AP
MPX200GP MPX200GP
MPX201AP MPX201AP
MPX201GP MPX201GP
Gauge Vacuum Case 350-04 MPX200GVP MPX200GVP
MPX201GVP MPX201GVP
Absolute, Gauge Stove Pipe Case 371-06 MPX200AS MPX200A
MPX200GS MPX200D
MPX201AS MPX201A
MPX201GS MPX201D
Gauge Vacuum Stove Pipe Case 371-05 MPX200GVS MPX200D
MPX201GVS MPX201D
Absolute, Gauge Axial Case 371C-02 MPX200ASX MPX200A
MPX200GSX MPX200D
MPX201ASX MPX201A
MPX200GSX MPX201D
Gauge Vacuum Axial Case 371D-02 MPX200GVSX MPX200D
MPX201GVSX MPX201D
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

O to 100 PSI MPX700
Uncompensated, SERIES
Silicon Pressure Sensors

The MPX700 series device is a silicon piezoresistive pressure sensor
providing a very accurate and linear voltage output — directly proportional to the

applied pressure. This standard, low cost, uncompensated sensor permits 0-100 PSI
manufacturers to design and add their own external temperature compensating X-ducer™

and signal conditioning networks. Compensation techniques are simplified SILICON
because of the predictability of Motorola’s single element strain gauge design. PRESSURE SENSORS

It is designed for applications in environmental control systems, pneumatic
control systems, appliances, automotive performance

controls, medical instrumentation and industrial controls.
o Low Cost
» Patented, Silicon Shear Stress Strain Gauge Design
e Linearity to + 0.5% of Full Scale Linearity (typical)
» Easy to Use Chip Carrier Package Options
« Ratiometric to Supply Voltage
BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs —Vout
MAXIMUM RATINGS
Rating Svmbol Value Unit
Rating Symbol alue
Overpressure Pmax 2100 kPa
Burst Pressure Pburst 7000 kPa
Supply Voltage VSmax 6.0 Vdc
Storage Temperature Tstg —50to +150 °C
Operating Temperature TA —40to +125 °C
VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE
The differential voltage output of the X-ducer is directly proportional to PIN3
the differential pressure applied.
The output voltage of the differential element, differential ported and PIN2

gauge ported sensors increases with increasing pressure applied to the + Vout

pressure side relative to the vacuum side. Similarly, output voltage

increases as increasing vacuum is applied to the vacuum side relative to PIN 4

the pressure side of the differential units. - Vout
The output voltage of the gauge vacuum ported sensor increases with

increasing vacuum (decreasing pressure) applied to the vacuum side with

the pressure side at ambient. Figure 1 shows the schematic diagram of the

MPX700 sensor circuit. Figure 1. Uncompensated Pressure

Sensor Schematic

X-ducer

X-ducer is a trademark of Motorola Inc.
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MPX700 SERIES

OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1), Figure 2 Pop 0 — 700 kPa
Supply Voltage Vg — 3.0 6.0 Vdc
Supply Current lo — 6.0 — mAdc
Full Scale Span(2), Figure 2 VESS 45 60 90 mv
Zero Pressure Offset, Figure 2 Voff 0 20 35 mV
Sensitivity AV/AP — 86 — uV/kPa
Linearity(3), Figure 3 — -0.5 — 05 %FSS
Pressure Hysteresis(4) (0 to 700 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (—40°C to +125°C) — — +£05 — %FSS
Temperature Coefficient of Full Scale Span(6) TCVEss -0.21 -0.18 -0.15 %I/°C
Temperature Coefficient of Offset(7) TCVoff — 115 — pv/eC
Temperature Coefficient of Resistance(8) TCR 0.34 0.37 0.4 %/°C
Input Impedance Zin 400 — 550 Q
Output Impedance Zout 750 — 1250 Q
Response Time(9) (10% to 90%) R — 1.0 — ms
Stability(10) — — +0.5 — %FSS
MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — — 2.0 — Grams
Warm-Up — —_ 15 - Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement — — — 0.001 IN3
Common Mode Line Pressure — —_ — 690 kPa
NOTES:

1

2.

-

SomNoas®

. 1.0 kPa (kiloPascal) equals 0.145 PSI.
Measured at 3.0 Vdc excitation for 700 kPa differential pressure. VEgg and FSS are like terms representing the algebraic difference
between full scale output and zero pressure offset.

Maximurn output difference at any pressure point within Pop for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
Slope of end-point straight line fit to full scale span at —40°C and +125°C, relative to +25°C.
Slope of end-point straight line fit to zero pressure offset at —-40°C and +125°C.
. Slope of end-point straight line fit to input resistance at —40°C and +125°C, relative to resistance at +25°C.
. For a 0 to 700 kPa pressure step change.
. Stability (+0.5%FS typical) is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to
+85°C after:
a. 1000 temperature cycles, — 40°C to + 125°C.
b. 1.5 million pressure cycles, 0 to 700 kPa.

. Maximum deviation from end-point straight line fit at 0 and 700 kPa. Using “best it straight line” Method: Maximum linearity is +0.25% FSS.
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MPX700 SERIES

TEMPERATURE COMPENSATION

Figure 2 shows the output characteristics of the MPX100
series at 25°C.

The X-ducer piezoresistive pressure sensor element is a
semiconductor device which gives an electrical output signal
proportional to the pressure applied to the device. This device
uses a unique transverse voltage diffused semiconductor
strain gauge which is sensitive to stresses produced in a thin
silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to
differences in the thermal expansion of the strain gauge and
the diaphragm, as are often encountered in bonded strain
gauge pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over an
extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components.

Several approaches to external temperature compensation
over both—40to+125°C and 0to + 80°C ranges are presented
in Motorola Applications Note AN840. Refer to the Application
Notes section.

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Vout = Voff + sensitivity x P over the operating
pressure range (see Figure 3). There are two basic methods
for calculating nonlinearity: (1) end point straight line fit or (2)
a least squares best line fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.
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Figure 4. MPX Pressure Sensor Element Cross Section

Figure 4 illustrates the differential gauge die in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX700 series pressure sensor operating
characteristics and internal reliability and qualification tests

are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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MPX700 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE Part Number Case Type Pressure Side Identifier
Motorola designates the two sides of the pressure sensor -
as the Pressure (top) side and the Vacuum (back) side. The MPX700D 344-08 Stainless Steel Cap
Pressure side is the side containing silicone gel which protects MPX700DP 352-02 Side with Part Marking
the die from harsh media. The Motorola MPX pressure sensor MPX700GP 350-03 Side with Port Attached
is designed to operate with positive differential pressure -
applied (i.e., top side pressure is greater than or equal to back MPX700GVP 350-04 Stainless Steel Cap
side pressure). MPX700GS 371-06 Side with Port Attached
th;’:\igth"ressure side may be identified by using the table on MPX700GVS 371-05 Stainless Steel Cap
MPX700GSX 371C-02 Side with Port Attached
MPX700GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION

MPX700 series pressure sensors are available in differential and gauge configurations. Devices are available in the basic
element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking

Basic Element Differential Case 344-08, Style 1 MPX700D MPX700D

Ported Elements Differential Case 352-02 MPX700DP MPX700DP
Gauge Case 350-03 MPX700GP MPX700GP
Gauge Vacuum Case 350-04 MPX700GVP MPX700GVP
Gauge Stovepipe Case 371-06 MPX700GS MPX700D
Gauge Vacuum Stovepipe Case 371-05 MPX700GVS MPX700D
Gauge Axial Case 371C-02 MPX700GSX MPX700D
Gauge Vacuum Axial Case 371D-02 MPX700GVSX MPX700D
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MOTOROLA

SEMICONDUCTOR I
TECHNICAL DATA
MPX2010

0 to 1.5 PSI MPX2012
On-Chip Temperature SERIES

compensated & ca I I brated | ] Motorola Preferred Devices
LY 1]
Silicon Pressure Sensors
The MPX2010 and MPX2012 series silicon piezoresistive pressure sensors 0-1.5PSI
provide a very accurate and linear voltage output — directly proportional to the X-ducer™
applied pressure. These sensors house a single monolithic silicon die with the SILICON
strain gauge and thin-film resistor network integrated on each chip. The sensor is PRESSURE SENSORS

laser trimmed for precise span, offset calibration and temperature compensation.
They are designed for use in applications such as
respiratory diagnostics, air movement control, level
indicators, controllers and pressure switching.

o Temperature Compensated over 0°C to +85°C
o Full Scale Span Calibrated to 25 mV (typical)
* Unique Silicon Shear Stress Strain Gauge

* £0.15% Full Scale Linearity (typical)

o Easy to use Chip Carrier Package Options

» Ratiometric to Supply Voltage

BASIC CHIP DIFFERENTIAL

CARRIER ELEMENT PORT OPTION

CASE 344-08 CASE 352-02

Pin Number
1 2 3 4
Ground +Vout Vs =Vout
MAXIMUM RATINGS

Rating Syimbol Value Unit

Overpressure Pmax 75 kPa

Burst Pressure Phurst 100 kPa

Supply Voltage (Note 11) VSmax 16 Vdc

Storage Temperature Tstg -50to +150 °C

Operating Temperature TA —40to +125 °C

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE PIN3© +Vg Ri

The differential voltage output of the X-ducer is directly proportional to Rsi Roff1
the differential pressure applied.

The output voltage of the differential element, differential ported and A2 PIN2
gauge ported sensors increases with increasing pressure applied to the —0 + Vout
pressure side relative to the vacuum side. Similarly, output voltage Rp Xeducer PIN4
increases as increasing vacuum is applied to the vacuum side relative to 0 - Vout
the pressure side of the differential units.

The output voltage of the gauge vacuum ported sensor increases with Rofty
increasing vacuum (decreasing pressure) applied to the vacuum side with AXA-
the pressure side at ambient. Figure 1 shows the schematic diagram of the Rs2 ‘

MPX2010 sensor circuit. on ')M\" LASER TRIMMED ON-CHIP
Figure 1. Temperature Compensated Pressure
X-ducer is a trademark of Motorola Inc. Sensor Schematic
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-MPX2010 « MPX2012 SERIES

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) PopP 0 — 10 kPa
Supply Voltage(11) Vg — 10 16 Vdc
Supply Current lo — 6.0 —_ mAdc
Full Scale Span(2), Figure 2 VEss 24 25 26 mv
Zero Pressure Offset, Figure 2 MPX2010 Voff -1.0 - 1.0 mV

MPX2012 -1.5 — 1.5
Sensitivity AV/AP — 25 — mV/kPa
Linearity(3,11) — -1.0 +0.15 1.0 %FSS
Pressure Hysleresis(4) (0to 10 kPa) — -0.1 — 0.1 %FSS
Temperature Hysteresis(5) (—40°C to +125°C) - — — — %FSS
Temperature Effect on Full Scale Span(6) (0 to +85°C) TCVFss -1.0 — 1.0 %FSS
Temperature Effect on Offset(7) (0 to +85°C) TCVoff -1.0 — 1.0 mv
Input Impedance Zin 1300 — 2500 Q
Output Impedance Zoyt 1400 — 3000 Q
Response Time(8) (10% to 90%) R — 1.0 — ms
Temperature Error Band — 0 — 85 °C
Stability(9) — — +0.5 — %FSS
MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — - 2.0 — Grams
Warm-Up — —_ 15 — Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement - —_ — 0.001 INS
Common Mode Line Pressure — - — 690 kPa

NOTES:
1. 1.0 kPa (kiioPascai) equais 0.145 PSi.

2. Measured at 10 Vdc excitation for 10 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output

and zero pressure offset.
. Maximum deviation from end-point straight line fit at 0 and 10 kPa.

. Maximum variation of offset at 0°C and +85°C relative to +25°C.
. For a 0 to 10 kPa pressure step change.

©ONOD O AW

a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 10 kPa.

10. Operating characteristics based on positive pressure differential relative to the vacuum side.
11. Recommended voltage supply: 10 V + 0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voltages above +16 V may induce

additional error due to device self-heating.

. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
Maximum variation of full scale span at 0°C and +85°C relative to +25°C.

. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:

Pressure Sensor Device Data
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MPX2010 « MPX2012 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 2 shows the output characteristics of the MPX2010
series at 25°C. The output is directly proportional to the
differential pressure and is essentially a straight line.

The effects of temperature on full scale span and offset are
very small and are shown under Operating Characteristics
and in Figure 3.

This performance over temperature is achieved by having
both the shear stress strain gauge and the thin-film resistor
circuitry on the same silicon diaphragm as shown in Figure 4.
Each chip is dynamically laser trimmed for precise span and
offset calibration and temperature compensation.

s
E
S
T T L
| Vg=1ovde g » .—1 ERROR BAND LIMIT
30— 1p=25°C 5 15
=2 % i .1 N
S - S N~ SPANERROR
£ v = SPA T 05 S
E MAX = 3 of—r%F—= =
2 15 == 2 ~N S
S0 /\& %/ g -05 OFFSET ERROR
w
5 A/ MIN e
[~ g -15
U — T 2
_5 tOFFSET E l: ERROR BAND LIMIT
kPa 25 5 75 10 = -50 -25 0 25 50 75 100 125
PSI 0.362 0.725 1.09 1.45 «» TEMPERATURE (°C)
Figure 2. Output versus Pressure Differential Figure 3. Temperature Error Band Limit and
Typical Span and Offset Errors
DIAPHRAGM
L
SILICONE STAINLESS STEEL
X-ducer DIE COAT METAL COVER Cross section of
N \ differential pressure
N WIRE BOND M sensor die in the
element basic
‘——";7/— [~ package (not to scale)
P
LEAD FRAVE YL LIAPXL A~ wemopiastic
RTV DIE BOND CASE
+
Figure 5. MPX Pressure Sensor
Element Cross Section (Side View)
WIRE Figure 5illustrates the differential/gauge die in the basic chip
BOND PADS carrier (Case 344-08). A silicone gel isolates the die surface
Figure 4. Monolithic Pressure Sensor Chip and wire bonds from harsh environments, while allowing the
(Top View) pressure signal to be transmitted to the silicon diaphragm.

Monolithic pressure sensor chip, showing diaphragm,
X-ducer, thin-film resistor circuitry and pin out. Devices
available in basic chip carrier or as ported elements only. See
standard options available on the following page.

The MPX2010 series pressure sensor operating
characteristics and internal reliability and qualification tests
are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.

Data Sheets
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MPX2010 « MPX2012 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor applied (i.e., top side pressure is greater than or equal to back
as the Pressure (top) side and the Vacuum (back) side. The side pressure).
Pressure side is the side containing silicone gel which protects The Pressure side may be identified by using the table
the die from harsh media. The Motorola MPX pressure sensor below:

is designed to operate with positive differential pressure

Part Number Case Type Pressure Side Identifier

MPX2010D MPX2012D 344-08 Stainless Steel Cap
MPX2010DP MPX2012DP 352-02 Side with Part Marking
MPX2010GP MPX2012GP 350-03 Side with Port Attached
MPX2010GVP MPX2012GVP 350-04 Stainless Steel Cap
MPX2010GS MPX2012GS 371-06 Side with Port Attached
MPX2010GVS MPX2012GVS 371-05 Stainless Steel Cap
MPX2010GSX MPX2012GSX 371C-02 Side with Port Attached
MPX2010GVSX MPX2012GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX2010 series pressure sensors are available in differential and gauge configurations. Devices are available in the Basic
Element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Differential Case 344-08, Style 1 MPX2010D MPX2010D
MPX2012D MPX2012D
Ported Elements Differential Case 352-02 MPX2010DP MPX2010DP
MPX2012DP MPX2012DP
Gauge Case 350-03 MPX2010GP MPX2010GP
MPX2012GP MPX2012GP
Gauge Vacuum Case 350-04 MPX2010GVP MPX2010GVP
MPX2012GVP MPX2012GVP
Gauge Stove Pipe Case 371-06 MPX2010GS MPX2010D
MPX2012GS MPX2012D
Gauge Vacuum Stove Pipe Case 371-05 MPX2010GVS MPX2010D
MPX2012GVS MPX2012D
Gauge Axial Case 371C-02 MPX2010GSX MPX2010D
MPX2012GSX MPX2012D
Gauge Vacuum Axial Case 371D-02 MPX2010GVSX MPX2010D
MPX2012GVSX MPX2012D
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MOTOROLA

SEMICONDUCTOR |
TECHNICAL DATA

MPX2050

0 to 7.3 PSI
On-Chip Temperature “M":iggg;

Compensated & Calibrated, SERIES
Silicon Pressure Sensors

The MPX2050, MPX2051 and MPX2052 series device is a silicon piezoresistive
pressure sensors providing a highly accurate and linear voltage output — directly

proportional to the applied pressure. The sensor is a single, monolithic silicon ?("7'3 P§M|
diaphragm with the strain gauge and a thin-film resistor network integrated on-chip. S-IdLlljgng
The chip is laser trimmed for precise s d offset calibration and temperature

e e i pan and ofise! ca P PRESSURE SENSORS

compensation. This device was designed for use in applications such as
pump/motor controllers, robotics, level indicators, medical diagnostics, pressure
switching, and non-invasive blood
pressure measurement.

¢ Temperature Compensated Over 0°C to +85°C
 Unique Silicon Shear Stress Strain Gauge

o Full Scale Span Calibrated to 40 mV (typical)

¢ Easy to Use Chip Carrier Package Options

* Ratiometric to Supply Voltage

BASIC CHIP DIFFERENTIAL

CARRIER ELEMENT PORT OPTION

CASE 344-08 CASE 352-02

Pin Number
1 2 3 4
Ground +Vout Vg —Vout
MAXIMUM RATINGS

Rating Symbol Value Unit

Overpressure Pmax 200 kPa

Burst Pressure Ppurst 500 kPa

Supply Voltage (Note 11) VSmax 16 Vdc

Storage Temperature Tstg —-50to +150 °C

Operating Temperature TA —40to +125 °C

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE PIN3Q +Vg

The differential voltage output of the X-ducer is directly proportional to
the differential pressure applied.

The output voltage of the differential element, differential ported and PIN 2
gauge ported sensors increases with increasing pressure applied to the —O0 + Vout
pressure side relative to the vacuum side. Similarly, output voltage Rp X-ducer PIN4
increases as increasing vacuum is applied to the vacuum side relative to —O0 - Vout
the pressure side of the differential units. R

The output voltage of the gauge vacuum ported sensor increases with oft2
increasing vacuum (decreasing pressure) applied to the vacuum side with v
the pressure side at ambient. Figure 1 shows the schematic diagram of the Rs2
MPX2050 sensor circuit. PIN 1 ’)0& LASER TRIMMED ON-CHIP

Figure 1. Temperature Compensated Pressure
X-ducer is a trademark of Motorola Inc. Sensor Schematic
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MPX2050 « MPX2051 « MPX2052 SERIES

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 — 50 kPa
Supply Voltage(11) Vs —_ 10 16 Vdc
Supply Current lo — 6.0 — mAdc
Full Scale Span(2), Figure 5 MPX2050, MPX2052 VESS 385 40 415 mv
MPX2051 37.5 40 42.5
Zero Pressure Offset, Figure 5 MPX2050, MPX2052 Voif -1.0 — 1.0 mV
MPX2051 -2.0 — 2.0
Sensitivity AV/IAP — 0.8 —_ mV/kPa
Linearity(3)(11) Figure 2 MPX2050 — -0.25 — 0.25 %FSS
MPX2051 — -0.50 — 0.50
MPX2052 — —-0.55 — 0.25
Pressure Hysteresis(4) — -0.1 — 0.1 %FSS
(0 to 100 kPa)
Temperature Hysteresis(5) (—40°C to +125°C) - — +0.5 — %FSS
Temperature Effect on Full Scale Span(6) TCVESS -1.0 — 1.0 %FSS
(0 to +85°C), Figure 6
Temperature Effect on Offset(7) TCVoif -1.0 — 1.0 mv
(0 to +85°C), Figure 6
Input Impedance Zin 1000 — 2500 Q
Output Impedance Zout 1400 _— 3000 Q
Response Time(8) R — 1.0 — ms
(10% to 90%)
Temperature Error Band, Figure 6 — 0 — 85 °C
Stability(9) — — +0.5 — %FSS
MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — —_ 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — - 0.01 INS
Volumetric Displacement — — — 0.001 INS
Common Mode Line Pressure — — — 690 kPa
NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Measured at 10 Vdc excitation for 50 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.
3. Maximum deviation from end-point straight line fit at 0 and 50 kPa.
4. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
5. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
6. Maximum variation of full scale span at 0°C and +85°C relative to +25°C.
7. Maximum variation of offset at 0°C and +85°C relative to +25°C.
8. For a 0 to 50 kPa pressure step change.
9. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 50 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).

11.

Recommended voltage supply: 10 V +0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voltage above +16 V may induce additional
error due to device self-heating.
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MPX2050 « MPX2051 « MPX2052 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Vout = Voff + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2)
a least squares best line fit. While a least squares fit gives the
“pest case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.
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>
w l [
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OFFSET I |
| |
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PRESSURE (% FULLSCALE)

Figure 2. Linearity Specification Comparison

EXAMPLE INTERFACE CIRCUITS

MPX2050 sensors with on-chip compensation can be used
individually or in multiples in research, design, or development
projects to optimize a design. The small size and low cost of

+5
MPX2050 ks ™
oz | YD
> 01

Output switches low at 55% full-scale input; switches high at 45% input.
1 M Hysteresis resistor may be removed or value changed according to
user requirements.

Figure 3. Single-ended Supply, TTL or CMOS Logic
Compatible Comparator

the compensated MPX2050 series of sensors makes these
devices ideally suited for such applications.

+5
MPX2050 N 100k
3l2 N
3 -
1" : — (1)
10k B}
I o 50Q
5 31M i Rg  Eout
>
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+ B r—b(_)
. s
g 100k
-5

DVM P compatible input. Set SPAN with Rg, the OFFSET with Ro.
Differential output is +8 Vdc with full-scale pressure (vacuum) applied.

Figure 4. Precision Pressure-to-Voltage Converter
using Quad Op Amp

These are offered as basic suggestions only: actual
component selection and values are determined by the
final circuit requirements.
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MPX2050 « MPX2051 « MPX2052 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 5 shows the minimum, maximum and typical output
characteristics of the MPX2050 series at 25°C. The output is
directly proportional to the differential pressure and is
essentially a straight line.

I
40 |— Vg =10Vdc )
Ta= 25°C P~
35 = MPx2050 7
< 30 TYP L
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£ o = RANGE
5 2 /,/ (TYP)
E 15 M ouTPUT
3 = RANGE
10 MIN (P
5
L
5 | OFFSET
kPa 0 125 25 375 50 v
PSI 18 36 54 7.25

Figure 5. Output versus Pressure Differential

SILICONE

The effects of temperature on Full-Scale Span and Offset
are very small and are shown under Operating Characteristics
and in Figure 6.
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Figure 6. Temperature Error Band Limit and
Typical Span and Offset Errors

STAINLESS STEEL
DIE COAT \ METAL COVER

Cross section of
differential pressure

WIRE BOND

(/775

LEAD FRAME

70%

RTV DIE BOND

sensor die in the
element basic
package (not to scale)

THERMOPLASTIC
CASE

Figure 7. Cross-Sectional Diagrams

Figure 7 illustrates the differential gauge die in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX2050 series pressure sensor operating
characteristics and internal reliability and qualification tests

are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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MPX2050 « MPX2051 « MPX2052 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor (i.e., top side pressure is greater than or equal to back side

as the Pressure (top) side and the Vacuum (back) side. The pressure).
Pressure side is the side containing the silicone gel which The Pressure side may be identified by using the table
protects the die. The Motorola MPX pressure sensor is below:
designed to operate with positive differential pressure applied
Part Number Case Type Pressure Side Identifier
MPX2050D MPX2051D MPX2052D 344-08 Stainless Steel Cap
MPX2050DP MPX2051DP MPX2052DP 352-02 Side with Part Marking
MPX2050GP MPX2051GP MPX2052GP 350-03 Side with Port Attached
MPX2050GVP MPX2051GVP MPX2052GVP 350-04 Stainless Steel Cap
MPX2050GS MPX2051GS MPX2052GS 371-06 Side with Port Attached
MPX2050GVS MPX2051GVS MPX2052GVS 371-05 Stainless Steel Cap
MPX2050GSX MPX2051GSX MPX2052GSX 371C-02 Side with Port Attached
MPX2050GVSX MPX2051GVSX MPX2052GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX2050, MPX2051 and MPX2052 series pressure sensors are available in differential and gauge configurations. Devices are
available in the basic element package or with pressure port fittings which provide printed circuit board mounting ease and barbed
hose pressure connections.

MPX Series .
Device
Device Type Options Case Type 2050 2051 2052 Marking
Basic Element Differential 344-08, Style 1 | MPX2050D MPX2051D MPX2052D MPX____D
Ported Elements | Differential 352-02 MPX2050DP MPX2051DP MPX2052DP MPX____DP
Gauge 350-03 MPX2050GP MPX2051GP MPX2052GP MPX____GP
Gauge Vacuum 350-04 MPX2050GVP | MPX2051GVP | MPX2052GVP | MPX____GVP
Gauge Stove Pipe 371-06 MPX2050GS MPX2051GS MPX2052GS MPX____D
Gauge Vacuum Stove 371-05 MPX2050GVS | MPX2051GVS | MPX2052GVS | MPX____D
Pipe
Gauge Axial 371C-02 MPX2050GSX | MPX2051GSX | MPX2052GSX | MPX____
Gauge Vacuum Axial 371D-02 MPX2050GVSX| MPX2051GVSX| MPX2052GVSX| MPX____
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MOTOROLA

SEMICONDUCTOR [

TECHNICAL DATA

O to 14.5 PSI
On-Chip Temperature

Compensated & Calibrated,
Silicon Pressure Sensors

The MPX2100 and MPX2101 series device is a silicon piezoresistive pressure
sensors providing a highly accurate and linear voltage output — directly
proportional to the applied pressure. The sensor is a single, monolithic silicon
diaphragm with the strain gauge and a thin-film resistor network integrated
on-chip. The chip islaser trimmed for precise span and offset calibration and

temperature compensation. This device was designed
for use inapplications such as pump/motor controllers,
robotics, level indicators, medical diagnostics, pressure
switching, barometers, altimeters, etc.

« Temperature Compensated Over 0°C to +85°C

« Unique Silicon Shear Stress Strain Gauge

o Full Scale Span Calibrated to 40 mV (typical)

* Easy to Use Chip Carrier Package Options

e Available in Absolute, Differential and Gauge
Configurations

MPX2100
MPX2101
SERIES

Motorola Preferred Devices

0-14.5 PSI
X-ducer™
SILICON
PRESSURE SENSORS

A‘o)A

o

* Ratiometric to Supply Voltage BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs —Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure Pmax 400 kPa
Burst Pressure Ppurst 1000 kPa
Supply Voltage (Note 11) VSmax 16 Vdc
Storage Temperature Tstg -50to +150 °C
Operating Temperature TA -40to +125 °C
VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE PIN3O 4V, R
+V§
The differential voltage of the X-ducer is directly proportional to the R Rof1
differential pressure applied. 51 0
The absolute basic elements and absolute ported elements have a built
in reference vacuum. The output voltage will decrease as vacuum, relative R2 PIN2
) . " . —0 +Vout
to ambient, is drawn on the positive pressure side. Vacuum down to the R
reference can be measured with the indicated accuracy. " X-ducer PL""‘ “y
The output voltage of the differential element, differential ported and out
gauge ported sensors increases with increasing pressure applied to the Roff2
positive pressure side relative to the vacuum side. Similarly, output voltage

\

increases as increasing vacuum is applied to the vacuum side refative to

>
o s X . K N Rs2
the positive pressure side of the differential units. Figure 1 shows the 4

schematic diagram of the MPX2100 sensor circuit. PIN 1 LASER TRIMMED ON-CHIF

Figure 1. Temperature Compensated Pressure

X-ducer is a trademark of Motorola Inc. Sensor Schematic
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MPX2100 « MPX2101 SERIES

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range (1) POP 0 — 100 kPa
Supply Voltage(11) Vg — 10 16 Vdc
Supply Current lo — 6.0 —_ mAdc
Full Scale Span(2), Figure 5 MPX2100A, MPX2100D VESS 38.5 40 415 mv
MPX2101A, MPX2101D 375 40 425
Zero Pressure Offset, Figure 5 MPX2100D, MPX2101D Voff -1.0 — 1.0 mV
-2.0 — 2.0
MPX2100A -2.0 — 2.0
MPX2101A -3.0 — 3.0
Sensitivity AV/AP — 0.4 -_— mV/kPa
Linearity(3) Figure 2 MPX2100A, MPX2100D — -0.25 — 0.25 %FSS
MPX2101A, MPX2101D — ~-0.5 — 0.5
Pressure Hysteresis(4) — -0.1 — 0.1 %FSS
(0 to 100 kPa)
Temperature Hysteresis(5) (—40°C to +125°C) - — +0.5 - %FSS
Temperature Effect on Full Scale Span(6) TCVEss -1.0 — 1.0 %FSS
(0 to +85°C), Figure 6
Temperature Effect on Offset(7) TCVoft -1.0 — 1.0 mv
(0 to +85°C), Figure 6
Input Impedance Zin 1000 — 2500 Q
Output Impedance Zout 1400 — 3000 Q
Response Time(8) R — 1.0 — ms
(10% to 90%)
Temperature Error Band, Figure 6 — 0 — 85 °C
Stability(9) — — +0.5 — %FSS
MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344-08) — — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 INS
Volumetric Displacement — — — 0.001 INS
Common Mode Line Pressure — — — 690 kPA

NOTES:
1. 1 kPa (kiloPascal) equals 0.145 PSI.
. Measured at 10 Vdc excitation for 100 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.
Maximum deviation from end-point straight line fit at 0 and 100 kPa.
Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
Maximum variation of full scale span at 0°C and +85°C relative to +25°C.
Maximum variation of offset at 0°C and +85°C relative to +25°C.
For a 0 to 100 kPa pressure step change.
Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 100 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).
11. Recommended voltage supply: 10 V + 0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voltages above +16 V may induce
additional error due to device self-heating.

n
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MPX2100 « MPX2101 SERIES

LINEARITY T >
/ |
7 /0

// 1
P / l !
TEAST STRAIGHT LINE

| SoUAT | | DEVIATION
l/ DEVIATION| |

Linearity refers to how well a transducer’s output follows the LEAST SQUARES' FIT
equation: Voyt = Voff + sensitivity x P over the operating !
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2)
a least squares best liné fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.
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Figure 2. Linearity Specification Comparison

EXAMPLE INTERFACE CIRCUITS

The MPX2100 series sensors with on-chip compensation low cost of the compensated MPX2100 series sensors make
can be used individually or in multiples in research, design, or these devices ideally suited for such applications.
development projects to optimize a design. The small size and

+5
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) +5 3 ) N
33k3 h -
1M 4 1
W MPX2100| | 4o p > (+)
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MPX2100 <
$ 50 Q
S + 4 —> 0/1 5 31iM 3 Ry ¢ Eout
Y i ,‘>— 1X 2 980 Q2
\V/ v _
10k 1M ¥ — ()
A s ¢ WAR + .J
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-5
DVM pP compatible input. Set SPAN with R, the OFFSET with Rot.
Differential output is +8 Vdc with full-scale pressure applied.

Output switches low at 55% full-scale input; switches high at 45% input.
1 M Hysteresis resistor may be removed or value changed according to
user requirements.

Figure 3. Single-ended Supply, TTL or CMOS Logic Figure 4. Precision Pressure-to-Voltage Converter
Compatible Comparator using Quad Op Amp

These are offered as basic suggestions only: actual
component selection and values are determined by the
final circuit requirements.
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MPX2100 « MPX2101 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 5 shows the output characteristics of the MPX2100
series at 25°C. The output is directly proportional to the
differential pressure and is essentially a straight line.

I
40 }— Vg =10Vde Z
| Tz 25 P~
[ MPX2100 >
< 30 TYP = //
8 s SPAN
g S RANGE
E 2 o == (Tvp)
E 5 /\34//< ouTPUT
2 RANGE
ST 5 MIN (TYP)
; |
0
-5 1 | OFFSET
kPa 0 25 50 75 100 (TYP)
PSI 362 7.25 10.87 145
Figure 5. Output versus Pressure Differential
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Figure 7. Cr Se:

The effects of temperature on Full Scale Span and Offset
are very small and are shown under Operating Characteristics
and in Figure 6.
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Figure 6. Temperature Error Band Limit and
Typical Span and Offset Errors
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(not to scale)

Figure 7 illustrates the absolute sensing configuration
(right) and the differential or gauge configuration in the basic
chip carrier (Case 344-08). A silicone gel isolates the die
surface and wire bonds from harsh environments, while
allowing the pressure signal to be transmitted to the silicon
diaphragm.

The MPX2100 series

pressure sensor operating

characteristics and internal reliability and qualification tests
are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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Motorola ‘designa’tes the two sides of the pressure sensor
as the Pressure (top) side and the Vacuum (back) side. The

MPX2100 « MPX2101 SERIES

PRESSURE/VACUUM SIDE IDENTIFICATION TABLE

Pressure side is the side containing the silicone gel which

(i.e., top side pressure is greater than or equal to back side
pressure).

The Pressure side may be identified by using the table

protects the die. The Motorola MPX pressure sensor is below:
designed to operate with positive differential pressure applied
Part Number Case Type Pressure Side Identifier

MPX2100A, MPX2100D MPX2101A, MPX2101D 344-08 Stainless Steel Cap
MPX2100DP MPX2101DP 352-02 Side with Part Marking
MPX2100AP, MPX2100GP MPX2101AP, MPX2101GP ‘350-03 Side with Port Attached
MPX2100GVP MPX2101GVP 350-04 Stainless Steel Cap
MPX2100AS, MPX2100GS MPX2101AS. MPX2101GS 371-06 Side with Port Attached
MPX2100GVS MPX2101GVS 371-05 Stainless Steel Cap
MPX2100ASX, MPX2100GSX MPX2101ASX, MXP2101GSX 371C-02 Side with Port Attached
MPX2100GVSX MPX2101GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX2100 series pressure sensors are available in absolute, differential and gauge configurations. Devices are available in the
Basic Element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Absolute, Differential Case 344-08, Style 1 MPX2100A MPX2100A
MPX2100D MPX2100D
MPX2101A MPX2101A
MPX2101D MPX2101D
Ported Elements Differential Case 352-02 MPX2100DP MPX2100DP
MPX2101DP MPX2101DP
Absolute, Gauge Case 350-03 MPX2100AP MPX2100AP
MPX2100GP MPX2100GP
MPX2101AP MPX2101AP
MPX2101GP MPX2101GP
Gauge Vacuum Case 350-04 MPX2100GVP MPX2100GVP
MPX2101GVP MPX2101GVP
Absolute, Gauge Stove Pipe Case 371-06 MPX2100AS MPX2100D
MPX2100GS MPX2100D
MPX2101AS MPX2101D
MPX2101GS MPX2101D
Gauge Vacuum Stove Pipe Case 371-05 MPX2100GVS MPX2100D
MPX2101GVS MPX2101D
Absolute, Gauge Axial Case 371C-02 MPX2100ASX MPX2100D
MPX2100GSX MPX2100D
MPX2101ASX MPX2101D
MPX2101GSX MPX2101D
Gauge Vacuum Axial Case 371D-02 MPX2100GVSX MPX2100D
MPX2101GVSX MPX2101D
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MOTOROLA

SEMICONDUCTOR I
TECHNICAL DATA

MPX2200
MPX2201
SERIES

Motorola Preferred Devices

0 to 29 PSI

On-Chip Temperature
Compensated & Calibrated,
Pressure Sensors

The MPX2200/2201 series device is a silicon piezoresistive pressure sensor 0-29 PSI
providing a highly accurate and linear voltage output — directly proportional to X-ducer™
the applied pressure. The sensor is a single monolithic silicon diaphragm with SILICON

the strain gauge and a thin-film resistor network integrated on-chip. The chip is PRESSURE SENSORS
laser timmed for precise span and offset calibration and temperature
compensation. They are designed for use in applications
such as pump/motor controllers, robotics, level
indicators, medical diagnostics, pressure switching,

barometers, altimeters, etc.

o Low Cost

« Temperature Compensated Over 0°C to +85°C
o Patented Silicon Shear Stress Strain Gauge

¢ £0.25% Full Scale Linearity

» Easy to Use Chip Carrier Package

o Available in Absolute, Differential and Gauge

Configurations
BASIC CHIP DIFFERENTIAL
CARRIER ELEMENT PORT OPTION
CASE 344-08 CASE 352-02
Pin Number
1 2 3 4
Ground +Vout Vs =Vout
MAXIMUM RATINGS
Rating Symboi Vaiue Unit
Overpressure Pmax 400 kPa
Burst Pressure Ppurst 2000 kPa
Supply Voltage (Note 12) VS max 16 Vdc
Storage Temperature Tstg —-50to +150 °C
Operating Temperature TA —-40to +125 °C
PIN3o +Vg

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE
The differential voltage output of the X-ducer is directly proportional to Rs1,2 Ro’f;(

the differential pressure applied.
The absolute basic elements and absolute ported elements have a built | PIN2
in reference vacuum. The output voltage will decrease as vacuum, relative Rp /g/ W—o +Vout
to ambient, is drawn on the pressure side. Vacuum down to the reference Z',N 4 v
can be measured with the indicated accuracy. - Yout
The output voltage of the differential element, differential ported and Roff2 RTCoft
gauge ported sensor increases with increasing pressure applied to the yﬂ
pressure side relative to the vacuum side. Similarly, output voltage Rsz/g’( LASER TRIMMED
increases as increasing vacuum is applied to the vacuum side relative to PIN 1 ON-CHIP

the pressure side of the Differential units. =
Figure 1. Temperature Compensated Pressure

Sensor Schematic

X-ducer is a trademark of Motorola Inc.
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MPX2200 ¢ MPX2201 SERIES

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Tp = 25°C unless otherwise noted)

Characteristics Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 — 200 kPa
Supply Voltage(12) Vg — 10 16 Vdc
Supply Current lo — 6.0 — mAdc
Full Scale Span(?), Figure 4 MPX2200A, MPX2200D MPX2201D VFSs 38.5 40 415 mvV
MPX2201A 375 40 425
Zero Pressure Offset, Figure 4 ~ MPX2200A, MPX2200D Voff -1.0 — +1.0 mv
MPX2200A -2.0 —_ +2.0
MPX2201A -3.0 — +3.0
Sensitivity AV/AP — 0.2 — mV/kPa
Linearityt3)(11) Figure 2 MPX2200A, MPX2200D - -0.25 —_ +0.25 %FSS
MPX2201A, MPX2201D -0.5 — +0.5
Pressure Hysteresis(4) — -0.1 +0.05 +0.1 %FSS
(0 to 200 kPa)
Temperature Hysteresis(5) (-40°C to +125°C) — — +05 — %FSS
Temperature Effect on Full Scale Span(6) TCVFss -1.0 +0.2 +1.0 %FSS
(0 to +85°C), Figure 5
Temperature Effect on Offset(7) TCVoff -1.0 +02 +1.0 mv
(0 to +85°C), Figure 5
Input Impedance Zin —_ 1800 — Q
Output Impedance Zout 1400 — 3000 Q
Response Time(8) R - 1.0 — ms
(10% to 90%)
Temperature Error Band, Figure 6 — 0 - 85 °C
Stability(9) — —_ +0.5 — %FSS
MECHANICAL CHARACTERISTICS
Characteristics Symbol Min Typ Max Unit
Weight, Basic Element Case 344-08 —_— — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume _ — — 0.01 INS
Volumetric Displacement — - — 0.001 INS
Common Mode Line Pressure —_ —_ —_ 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.
2. Measured at 10 Vdc excitation for 200 kPa pressure differential. VEgg and FSS are like terms representing the algebraic difference between full scale output
and zero pressure offset.
3. Maximum deviation from end-point straight line fit at 0 and 200 kPa.
4. Maximum output difference at any pressure point within Pop for increasing and decreasing pressures.
5. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
6. Maximum variation of full scale span at 0°C and + 85°C relative to +25°C.
7. Maximum variation of offset at 0°C and +85°C relative to +25°C.
8. For a 0 to 200 kPa pressure step change.
9. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:
a. 1000 temperature cycles, ~40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 200 kPa.
10. Operating characteristics based on positive pressure differential relative to the vacuum side (gauge/differential) or sealed reference (absolute).
11. Using “best fit straight line” method: typical linearity is +0.05%.
12. Recommended voltage supply: 10 V +£0.2 V, regulated. Sensor output is ratiometric to the voltage supply. Supply voltages above +16 V may induce additional
error due to increased device self-heating.
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MPX2200 ¢ MPX2201 SERIES

LINEARITY

Linearity refers to how well a transducer’s output follows the
equation: Vout = Voff + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2)
a least squares best line fit. While a least squares fit gives the
“best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the
calcuiations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.

|
LEAST SQUARES FIT
| /
_ | EXAGGERATED i |
2 | PERFORMANCE | / |
E /
3 STRAIGHT LINE
e | SOSAST| | DEVIATION
(5]
= v DEVIATION |
S | |
W ! !
£ END POINT l
e slTnAleHT LINE FIT :
| |
| I
OFFSET | |
| |
0 50 100
PRESSURE (% FULLSCALE)

Figure 2. Linearity Specification Comparison

EXAMPLE INTERFACE CIRCUITS

MPX2000 sensors with on-chip compensation can be used
individually or in multiples in research, design, or development
projects to optimize a design. The small size and low cost of
the compensated MPX2000 series of sensors make these
devices ideally suited for such applications.

Many process control functions can also be served by
MPX2000 sensors handling pressure ranges up to 29 PSI in
gauge, vacuum and differential measurements. Wind tunnel
measurements, vacuum forming or vacuum pickup
monitoring are among the many potential applications.

These circuit designs are offered as basic suggestions
only; actual component selection and values are
determined by the final circuit requirements.

Figure 3. Solid State Pressure Switch

R
SET & ps
2100k 121'( S 6> .
3 1/2 <
s 3 4 Lgsg > 180 Q.3
4| g5 570.Q Q1
i 1 5 2N6072
1 moc TRIAC
3009
200 uF R4 2| TRIAC
S DRIVER
25Vde 100 kQ S0k
MPX2200GP
0-30PSI 2 4

SOLID STATE PRESSURE SWITCH

A low-cost, set-point pressure switch for motor control
applications. This circuit has been used successfully to control
compressor and pump motors, as well as heaters in liquid
level applications.

FLUID PRESSURE CIRCUIT

Fluid pressure transducer circuit with inverted output. In this
configuration, the circuit provides a 4.0 Vdc output with zero
pressure applied, decreasing to 0 Vdc at full rated pressure.

39k
+5 Vde VWA~
+15 04
m
2 8 LU}
2 s * 1 A 6
3 VWA~ A 7
T > 430 5 -
MPX2200 b2 INVERTING OUTPUT
* 1 4V0V
42 -15
*TRIM TO 4.0 V OUT
y WITH 0 PRESSURE
J,— OP AMP IS: LM358 IN (= 100K)

Figure 4. Fluid Pressure Circuit
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MPX2200 e MPX2201 SERIES

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 5 shows the output characteristics of the MPX2200
series at 25°C. The output is directly proportional to the
differential pressure and is essentially a straight line.

The effects of temperature on Full Scale Span and Offset
are very small and are shown under Operating Characteristics
and in Figure 6.
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PRESSIS: TEMPERATURE (°C)
Figure 5. Output versus Pressure Differential Figure 6. Temperature Error Band Limit and
Typical Span and Offset Errors
CONSTRAINT LAYER
SILICONE GEL  DIFFERENTIAL/GAUGE SILICONE GEL
STAINLESS STEEL ABSOLUTE STAINLESS STEEL
DIECOAT  DIE METAL COVER DIECOAT  ™piE METAL COVER
\ THERMOPLASTIC \_ THERMOPLASTIC
WIRE BOND CASE WIRE BOND CASE
A
// A\ > . |
AR
e ' —
LEAD FRAME /////AI/////I// DIE LEAD FRAME DIE
DIFFERENTIAL/GAUGE ELEMENT BOND ABSOLUTE ELEMENT BOND

Figure 7. Cross-Sectional Diagrams

Figure 7 illustrates an absolute sensing die (left) and the
differential or gauge die in the basic chip carrier (Case
344-08). A silicone gel isolates the die surface and wire bonds
from harsh environments, while allowing the pressure signal
to be transmitted to the silicon diaphragm.

The MPX2000 series pressure sensor operating
characteristics and internal reliability and qualification tests

are based on use of dry air as the pressure media. Media other
than dry air may have adverse effects on sensor performance
and long term stability. Contact the factory for information
regarding media compatibility in your application.

NOTE: Stainless steel cap is not installed on devices with
a port attached on the pressure (gel) side.
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MPX2200 e MPX2201 SERIES

PRESSURE/VACUUM SIDE
IDENTIFICATION TABLE
Motorola designates the two sides of the pressure sensor
as the Pressure (top) side and the Vacuum (back) side. The
Pressure side is the side containing the silicone gel which
protects the die from harsh media. The Motorola MPX

pressure sensor is designed to operate with positive
differential pressure applied (i.e., top side pressure is greater
than or equal to back side pressure).

The Pressure side may be identified by using the table
below:

Part Number Case Type Pressure Side identifier

MPX2200A,D MPX2201A,D 344-08 Stainless Steel Cap
MPX2200DP MPX2201DP 352-02 Side with Part Marking
MPX2200AP,GP MPX2201AP,GP 350-03 Side with Port Attached
MPX2200GVP MPX2201GVP 350-04 Stainless Steel Cap
MPX2200AS,GS MPX2201AS,GS 371-06 Side with Port Attached
MPX2200GVS MPX2201GVS 371-05 Stainless Steel Cap
MPX2200ASX,GSX MPX2201ASX,GSX 371C-02 Side with Port Attached
MPX2200GVSX MPX2201GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION:

MPX2200 series pressure sensors are available in absolute, differential and gauge configurations. Devices are available in the
basic element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure

connections.

MPX Series Device
Device Type Options Case Style 2200 2201 Marking
Basic Element Absolute, Differential Case 344-08, Style 1 | MPX2200A,D MPX2201A,D MPX____AD
Ported Elements | Differential Case 352-02 MPX2200DP MPX2201DP MPX____DP
Absolute, Gauge Case 350-03 MPX2200AP,GP MPX2201AP,GP MPX ___ _AP,GP
Gauge Vacuum Case 350-04 MPX2200GVP MPX2201GVP MPX___ _GVP
Absolute, Gauge Stove Pipe | Case 371-06 MPX2200AS,GS MPX2201AS,GS MPX____AD
Gauge Vacuum Stove Pipe | Case 371-05 MPX2200GVS MPX2201GVS MPX____D
Absolute, Gauge Axial Case 371C-02 MPX2200ASX,GSX | MPX2201ASX,GSX | MPX ____AD
Gauge Vacuum Axial Case 371D-02 MPX2200GVSX MPX2201GVSX MPX____D
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MOTOROLA

SEMICONDUCTOR I

TECHNICAL DATA
0 to 6.0 PSI

Biomedical Low Impedance
Differential Pressure Sensor

The MPX2040 device is a low impedance device designed to be extremely
cost effective in mid-to-high volume applications. Assembled using biomedical
grade materials in class 100 clean room environment, this device offers RoaL
monitor calibration capability on-chip, actual output impedance of 300 Q, and

meets AAMI standards for blood pressure transducers.

o Low Output Impedance (300 Q)
¢ RcAL Monitor Calibration On-Chip

* Biomedical Grade Materials Assembled in Class 100 Clean Room

Environment
* Meets AAMI Standard for Blood Pressure Transducers
 Standard Polysulfone or Custom Packaging Available

Contact your nearest Motorola sales office for further information.

STERILIZATION REQUIREMENTS
Medical pressure sensors series can be sterilized by:

o Ethylene oxide (NOTE: Acetone or cleaning agents containing acetone
should not come in contact with Motorola’s

medical pressure sensors.)

APPLICATIONS

o Invasive Blood Pressure Measurement
» Biomedical Pressure Measurement/Diagnostics

MPX2040D

0-6 PSI

X-ducer™

SILICON
PRESSURE SENSORS

BASIC CHIP
CARRIER ELEMENT
CASE 344-08

PIN OUT INFORMATION

Pin Number, Style 2

1 2 3 4
Vs —Vout Vout Ground
MAXIMUM RATINGS

Rating - Symbol Value Unit
Overpressure Pmax 125 PSI
Burst Pressure Pburst 1000 kPa
Supply Voltage VSmax 16 Vdc
Storage Temperature Tstg 85 °C
Operating Temperature TA —1510 +40 °C

Motorola’s MPX2040D Pressure Sensors. Motorola’s
MPX2040D pressure sensor has been specifically designed
for medical usage by combining the performance of
Motorola’s shear stress pressure sensor design and the use
of biomedically approved materials. Materials with a proven
history in critical medical situations have been chosen to
provide a sensor that can be used with confidence in
applications, such as invasive blood pressure monitoring. It
can be sterilized using ethylene oxide. The portions of the
pressure sensor that are required to be biomedically approved
are the rigid housing and the gel coating.

The rigid housing is molded from a white, medical grade
polysulfone that has passed extensive biological testing
including: tissue culture test, rabbit implant, hemolysis,
intracutaneous test in rabbits, and system toxicity, USP.

X-ducer is a trademark of Motorola Inc.

A silicone dielectric gel that has been used extensively in
implants covers the silicon piezoresistive sensing element.
The gel is a nontoxic, nonallergenic polymer system which
passes pyrogen testing, as well as meeting all USP XX
Biological Testing Class VI requirements. The properties of
the gel allow it to transmit pressure uniformly to the diaphragm
surface, while isolating the internal electrical connections from
the corrosive effects of fluids, such as saline solution. The gel
provides electrical isolation sufficient to withstand
defibrillation testing, as specified in the proposed Association
for the Advancement of Medical Instrumentation (AAMI)
Standard for blood pressure transducers. A biomedically
approved opaque white filler in the gel prevents bright
operating room lights from affecting the performance of the
Ssensor.
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MPX2040D

OPERATING CHARACTERISTICS (Vg = 6.0 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) POP 0 — 40 kPa
Supply Voltage Vg — — 10 Vdc
Sensitivity —_ 4.95 5.0 5.05 uV/V/mmHg
Zero Pressure Offset VOFF — +5.0 +25 mmHg
Linearity(3) — -1.0 — 1.0 %FS
Temperature Effect on Full Scale Span(6) (+15 to 40°C) TCVEss — +0.02 +15 uV/V/mmHg
Temperature Effect on Offset(7) (+15 to 40°C) TCVOFF —_ +0.05 +0.3 uV/V/mmHg
Input Impedance Zin 1800 2500 4500 Q
Output Impedance Zout 270 300 330 Q
RCAL (150 kQ) tR 97 100 103 mmHg
RcAL Temp. Drift — 0.2 0.24 0.35 %/°C
Stability(9) — — +0.5 — %FS

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight, Basic Element Case 344-08 — — 2.0 — Grams
Warm-Up — — 15 — Sec
Cavity Volume — — — 0.01 INE
Volume Displacement — — — 0.001 INS
Common Mode Line Pressure — — — 690 kPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 PSI.

. Measured at 6.0 Vdc exitation for 40 kPa pressure differential.
. Maximum deviation from end-point straight line fit at 0 and 40 kPa.

. Maxjmum output difference at any pressure point within Pop for increasing and decreasing pressures.

. Maximum variation of full scale span at 15°C and +40°C relative to +25°C.

. Maximum variation of offset at 15°C and +40°C relative to +25°C.

. Fora 0 to 40 kPa pressure setup change.

2
3,
4
5. Maximum output difference at any pressure point within Pop for increasing and decreasing temperatures in the range —40°C to +125°C.
6
7
8
9

. Stability is defined as the maximum difference in output at any pressure within Pop and temperature within +10°C to +85°C after:

a. 1000 temperature cycles, —40°C to +125°C.
b. 1.5 million pressure cycles, 0 to 40 kPa.

Data Sheets

3-42

Pressure Sensor Device Data




MPX2040D

ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION

Figure 1 shows the output characteristics of the MPX2040D
at 25°C. The output is directly proportional to the differential
pressure and is essentially a straight line.

The effects of temperature on Full Scale Span and Offset
are very small and are shown under Operating Characteristics
and in Figure 2.
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PRESSURE (mmHg, TORR)

Figure 1. Output versus Pressure Differential

This performance over temperature is achieved by having
both the Shear Stress Strain Gage and the thin film resistor
circuitry on the same silicon diaphragm as shown in Figure 3.
Each chip is dynamically laser-trimmed for precise Span and
Offset calibration and temperature compensation.
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Figure 2. Temperature Error Band Limits and
Typical Span and Offset Errors
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Figure 3. MPX2040D Pressure Sensor Circuit Schematic
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MPX2040D

SPECIAL HANDLING

Final processing of sensor elements is conducted
completely in a clean room environment. The gel filling and
curing operation initiate this final processing. Cured units are
100% inspected for surface contamination and then placed in
compartmentalized trays. The trays are sealed in anti-static
bags which remain sealed until opened in the customer’s
clean room. A traceability form can be supplied with each lot
for polysulfone and silicone gel materials.

Figure 4 shows the cross section of the Motorola MPX

SILICONE
DIE COAT

DIE

pressure sensor die in the chip carrier package. A silicone gel
isolates the die surface and wire bonds from harsh
environments, while allowing the pressure signal to be
transmitted to the silicon diaphragm. MPX devices are
compatible with most non-corrosive media. Media must
generally be compatible with silicone gel, polysulfone plastic
and CRTV.

For questions regarding compatibility in your application,
contact the factory.

THERMOPLASTIC
CASE

Figure 4. Cross-Sectional Diagrams

ORDERING INFORMATION:
This device is available in the Basic Element package only.

Device Type

Options Package Style

Basic Element

Differential Case 344-08, Style 2
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MOTOROLA

SEMICONDUCTOR I —
TECHNICAL DATA

Silicon Temperature Sensors MTS102

Designed for use in temperature sensing applications in automotive, consumer and

industrial products requiring low cost and high accuracy. MTs 1 05

» Precise Temperature Accuracy Over Extreme Temperature MTS102: + 2°C from
—40°C to +150°C

* Precise Temperature Coefficient

e Fast Thermal Time Constant

» (O SILICON
3 Seconds — L;.qmd TEMPERATURE
8 Seconds — Air SENSORS

e Linear VBE versus Temperature Curve Relationship

¢ Other Packages Available

2

3
CASE 29-04
TO-226AA
(TO-92)
Pin Number
1 2 3
Emitter Base Collector
MAXIMUM RATINGS
Rating Symbol Value Unit
Emitter-Base Voltage VEB 4.0 Vdc
Collector Current — Continuous™ Ic 100 mAdc
Operating and Storage Junction Temperature Range Ty, Tstg -55to +150 °C
* See Note 5 on following page.
1000 T T T T
Ic=0.1mA
E Collector —
&
= 800
a Base
>
o R ’
w
E 60 § X Emitter |
=
ud '~
B | N
(77}
5 VBE (nom) = 620 mV S
w4001 vge (nom) = 600 mv SN
I | VBE (nom) =580 mV —
200 l
-40 0 40 80 120 160

Ta, AMBIENT TEMPERATURE (°C)
Figure 1. Base-Emitter Voltage versus Ambient Temperature

X-ducer is a trademark of Motorola Inc.
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MTS102 ¢ MTS103 ® MTS105

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 _— —_ Vdc
(Ilg =100 pAdc, Ic =0)
Base-Emitter Voltage VBE 580 595 620 mV
(Ic =0.1 mA)
Base-Emitter Voltage Matching, Note 1 AVBE mVv
(Ic=0.1mA, Tp = 25°C £0.05°C) MTS102 —_ - +3.0
MTS103 — — +4.0
MTS105 - — +7.0
Temperature Matching Accuracy, Note 2 AT °C
(T1=40°C, T2= +150°C, T = 25°C £ 0.05°C) MTS102 — — +3.0
MTS103 — —_ +3.0
MTS105 — — +5.0
Temperature Coefficient, Notes 3 and 4 Tc —-2.28 —-2.265 —-2.26 mV/°C
(VBE =595 mV, I = 0.1 mA)
Thermal Time Constant TTH s
Liquid — 3.0 —_
Flowing Air - 8.0 —
Dependence of Tc on Vgg @ 25°C ATC/AVBE - 0.0033 — mV/°C
(Note 4, Figure 3) mV
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJA 200 °C/W

NOTES:

1. All devices within any one group or package will be matched for VgE to the tolerance identified in the electrical characteristics table. Each device will be

labeled with the mean Vg value for that group.

n

. All devices within an individual group, as described in Note 1, will track within the specified temperature accuracy. This includes variations in Tg, Vg, and

nonlinearity in the range —40 to +150°C. Nonlinearity is typically less than +1°C in this range. (See Figure 4)

©@

The Tg as defined by a least-square linear regression for VB versus temperature over the range —40 to +150°C for a nominal Vg of 595 mV at 25°C. For

other nominal Vgg values the value of the T must be adjusted for the dependence of the T on VB (see Note 4).

I

isinmV/°C. The accuracy of this Tg is typically £0.01 mV/°C.

. For nominal VBE at 25°C other than 595 mV, the Tc must be corrected using the equation T¢ = ~2.265 + 0.003 (VB — 595) where VgE is in mV and the Tg

5. For maximum temperature accuracy, I should not exceed 2 mA. (See Figure 2)

620
T TTTTT I A /
< 750 — Ic < [ Ta=25°C 7
E A E Te = -2.265 + 0.0033 (VB - 595) Z
= Ta=25°C » w /
[} o Q A
'S 700) '_<_ /
P P
o o
> T * > 4
& es0l—1 v f & 600 V4
E T Vee L A E
= ‘ = ] =
w w
u 600}~ S w /
2 P2 3 A
wl w
= 550|/4/ >
580
001 002 005 01 02 05 10 20 50 10 -2.32 -2.28 -2.24 -220 -2.16
Ic, COLLECTOR CURRENT (mA) Tc. TEMPERATURE COEFFICIENT (mV/°C)
Figure 2. Base-Emitter Voltage versus Figure 3. Temperature Coefficient versus
Collector-Emitter Current Base-Emitter Voltage
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MTS102 e MTS103 e MTS105
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Figure 4. Linearity Error versus Temperature

APPLICATIONS INFORMATION
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Figure 5. VBE versus Ambient Temperature

The base and collector leads of the device should be connected together in the operating circuit (pins 2 and 3). They are not

internally connected.

VBE

The following example describes how to determine the VBE
versus temperature relationship for a typical shipment of
various VBE groups.

EXAMPLE:

Given — Customer receives a shipment of MTS102
devices. The shipment consists of three groups of different
nominal VBE values.

Group 1: VBE (nom) = 595 mV
Group 2: VBE (nom) = 580 mV
Group 3: VBE (nom) = 620 mV

Find — VBE versus temperature Relationship.

1. Determine value of TC:
a. IfVgg (nom) =595 mV, Tc =—2.265 mV/°C from
the Electrical Characteristics table.

b. If VB (nom) is less than or greater than 595 mV
determine T from the relationship described in
Note 4.

Tc =-2.265 + 0.0033 (VBE — 595) or see Figure 3.

Determine the VBE value at extremes, — 40°C and
+150°C:

VBE(TA)=VBE(25°C)+(T0)(TA—25°C)whereVBE(T )
= value of VBE at desired temperature. A

Plot the VBE versus T curve using two VBE values:
VBE (- 40°C), VBE(25°C), or VBE(+150°C)

Given any measured VBE, the value of Ta (to the
accuracy value specified: MTS102 - +2°C,
MTS103 — + 35°C, MTS105 — + 5°C) can be read
from Figure 5 or calculated from equation 2.

Higher temperature accuracies can be achieved if
the collector current, Ig, is controlled to react in
accordance with and to compensate for the
linearity error. Using this concept, practical circuits
have been built in which allow these sensors to yield
accuracies within £0.1°C and + 0.01°C.
Reference: “Transistors -- A Hot Tip for Accurate
Temperature Sensing”, Pat  O'Neil and Carl
Derrington, Electronics 1979.
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MTS102 ¢ MTS103 ® MTS105

TYPICAL CIRCUITS

120 k (1%)

Qt

O +15Vor
MTS102

Greater

NOTE: With Q1 ataknowntemperature, adjust Rga|_tosetoutputvoltage
to Vout=TEMP x 10mV, Output of MTS102, 3, 5isthen convertedto Vgt
=10 mV/°~(°F, °C or °K)

R=27kQ (1%) for °C or °K

Figure 6. Absolute Temperature Measurement

VWW\——————<390V
400
2N2646
1.0k
B2
AN Bt

56k

0.0047 uF

10k
Full Scale

— Adjust Adjust

6.2k

N821 ‘&

MTS102

120 k (1%)

15V
or Greater

0.2pF _[
¥ :E MC7812

[*]}
L MTS102 @
- = MTS102

NOTE: With Q1 and Q2 at identical temperature, adjust Rga_ for
Vout = 0.000 V

R=15kQ (1%) for °F

Figure 7. Differential Temperature Measurement
0 To 150°C

The circuit converts the linear temperature
sensor output to a digital format which may be used for direct
connection to an MPU.

Reference: W.J. Prudhomme
Popular Electronics, December 1976, Page 62

200F IC1=747A 2
p I
L 6 10
—-————/D Output
7 N (to MPU)
10k
100 Q

1T

All resistors are 10% 1/4 watt except 6.2 k which is 5% 1/4 watt.

Figure 8. Temperature Sensor to Digital MPU Circuit
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Quality and Reliability — Overview

A Major Objective of the Production Cycle

From rigid incoming inspection of piece parts and materials
to stringent outgoing quality verification, the Motorola
assembly and process flow is encompassed by an elaborate
system of test and inspection stations; stations to ensure a
step-by-step adherence to prescribed procedure. This
produces the high level of quality for which Motorola is
known . . . from start to finish.

As illustrated in the process flow overview, every major
manufacturing step is followed by an appropriate in-process
QA inspection to insure product conformance to specification.

Compensated Sensor Flow Chart

In addition, Statistical Process Control (S.P.C.) techniques are
utilized on all critical processes to insure processing
equipment is capable of producing the product to the target
specification while minimizing the variability. Quality control in
wafer processing, assembly, and final test impart Motorola
sensor products with a level of reliability that easily exceeds
almost all industrial, consumer, and military requirements. Itis
this built-in quality that insures failure-free shipments of
Motorola sensor products.
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Reliability Issues for Silicon Pressure Sensors

by Theresa Maudie and Bob Tucker, Signal Products
Division, Communications, Power and Signal
Technologies Group

ABSTRACT

Reliability testing for silicon pressure sensors is of greater
importance than ever before with the dramatic increase in
sensor usage. This growth is seen in applications replacing
mechanical systems, as well as new designs. Across all
market segments, the expectation for the highest reliability
exists. While sensor demand has grown across all of these
segments, the substantial increase of sensing applications in
the automotive arena is driving the need forimproved reliability
and test capability. Unfortunately, sensor reliability is a subject
that has not been widely discussed or publicized. The purpose
of this paper is to take a closer look at these reliability issues
for silicon pressure sensors.

INTRODUCTION

Discussing reliability as it pertains to semiconductor
electronics is certainly not a new subject. However, when
developing new technologies like sensors how reliability
testing will be performed is not always obvious. Pressure
sensors are an intriguing dilemma. Since they are
electromechanical devices, different types of stresses should
be considered to insure the different elements are exercised
as they would be in an actual application. In addition, the very
different package outlines relative to other standard
semiconductor packages require special fixtures and test
set-ups. However, as the sensor marketplace continues to
grow, reliability testing becomes more important than ever to
insure that products being used across all market segments
will meet standard reliability lifetime expectations.

RELIABILITY DEFINITION

Reliability is (1) the probability of a product performing its
intended function over its intended lifetime and under the
operating conditions encountered. The four key elements of
the definition are probability, performance, lifetime, and
operating conditions. Probability implies that the reliability
lifetime estimates will be made based on statistical techniques
where samples are tested to predict the lifetime of the
manufactured products. Performance is a key in that the
sample predicts the performance of the product at a given
point in time but the variability in manufacturing must be
controlled so that all devices perform to the same functional
- level. Lifetime is the period of time over which the product is
intended to perform. This lifetime could be as small as one
week in the case of a disposable blood pressure transducer or
as long as 30 years as often specified for communication
applications. Environment is the area that also plays a key role
since the operating conditions of the product can greatly
influence the reliability of the product.

Environmental factors that can be seen during the lifetime
of any semiconductor product include temperature, humidity,
electric field, magnetic field, current density, pressure
differential, vibration, and/or a chemical interaction. Reliability
testing is generally formulated to take into account all of these

potential factors either individually or in multiple combinations.
Once the testing has been completed predictions can be
made for the intended product customer base.

If a failure would be detected during reliability testing, the
cause of the failure can be categorized into one of the
following: design, manufacturing, materials, or user. The
possible impact on the improvements that may need to be
made for a product is influenced by the stage of product
development. If a product undergoes reliability testing early in
its development phase, the corrective action process can
generally occur in an expedient manner and at minimum cost.
This would be true whether the cause of failure was attributed
to the design, manufacturing, or materials. if a reliability failure
is detected once the product s in full production, changes can
be very difficult to make and generally are very costly. This
scenario would sometimes result in a total redesign.

The potential cause for a reliability failure can also be user
induced. This is generally the area that the least information is
known, especially for a commodity type manufacturer that
achieves sales through a global distribution network. It is the
task of the reliability engineer to best anticipate the multitudes
of environments that a particular product might see, and
determine the robustness of the product by measuring the
reliability lifetime parameters. The areas of design,
manufacturing, and materials are generally well understood
by the reliabilty engineer, but without the correct
environmental usage, customer satisfaction can suffer from
lack of optimization.

RELIABILITY STATISTICS

Without standardization of the semiconductor sensor
standards the end customer is placed in a situation of possible
jeopardy. If non-standard reliability data is generated and
published by manufacturers, the information can be
perplexing to disseminate and compare. Reliability lifetime
statistics can be confusing for the novice user of the
information, “let the buyer beware”.

The reporting of reliability statistics is generally in terms of
failure rate, measured in FITs, or failure rate for one billion
device hours. In most cases, the underlying assumption used
in reporting either the failure rate or the MTBF is that the
failures occurring during the reliability test follow an
exponential life distribution. The inverse of the failure rate is
the MTBF, or mean time between failure. The details on the
various life distributions will not be explored here but the key
concern about the exponential distribution is that the failure
rate over time is constant. Other life distributions, such as the
lognormal or Weibull can take on different failure rates over
time, in particular, both distributions can represent a wear out
or increasing failure rate that might be seen on a product
reaching the limitations on its lifetime or for certain types of
failure mechanisms.

The time duration use for the prediction of most reliability
statistics is of relatively short duration with respect to the
product’s lifetime ability and failures are usually not observed.
When a test is terminated after a set number of hours is
achieved, or time censored, and no failures are observed, the
failure rate can be estimated by use of the chi-square
distribution which relates observed and expected frequencies
of an event to established confidence intervals (4). The
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relationship between failure rate and the chi-square

distribution is as follows:

years on the same product and has tested a total of 500,000
parts for 10 hours each to the same conditions as part of an

¥2 (@, d.f.) in-line burn-in test for a total of 5,000,000 device hours. The
My o= - corresponding failure rate for a 60% confidence level for
Where vendor A would be 1,833 FITs, vendor B would have a FIT rate
A = failure rate of 183 FITs.
L1 = lower one side caonfidence limit
2 = hi- functi
X chi-square function .
o = risk, (1 — confidence level) Table 1. Chi-Square Table
£ = degrees of freedom = 2r + 2
? f _ nur%ber of failures * Chi-Square Distribution Function
t = device hours 60% Confidence Level 90% Confidence Level
¥ 2 . . 2 '
Chi-square values for 60% and 90% confidence intervals for No. Fails X~ Quantity No. Fails %~ Quantity
up to 12 failures are shown in Table 1. 0 1.833 0 4.605
As indicated byl the tabl(—_:‘, Whe_\n no failurgs oceur, an 1 4.045 1 7779
estimate for the chi-square distribution interval is obtainable.
This interval estimate can then be used to solve for the failure 2 6.211 2 10.645
rate, as shown in the equation above. If no failures occur, the 3 8.351 3 13.362
failure rate estimate is solely a function of the accumulated
device hours. This estimate can vary dramatically as 4 10473 4 15.987
additional device hours are accumulated. 5 12.584 5 18.549
As.a means of showmg the influence of.dewce hours vmh 6 14.685 6 21.064
no failures on the failure rate value, a graphical representation
of cumulative device hours versus the failure rate measured 7 16.780 7 23.542
in FITs is shown in Figure 1. 8 18.868 8 25.089
A descriptive example between two potential vendors best 5 20.951 5 28.412
serves to demonstrate the point. If vendor A is introducing a . :
new product and they have put a total of 1,000 parts on a high 10 23.031 10 30.813
temperaturg storage _test fc.:‘lr 500 hours each, their 1 25.106 1 33.196
corresponding cumulative device hours would be 500,000
device hours. Vendor B has been in the business for several 12 27.179 12 35.563
109 C
108 3
107 §
106 4
@ 3
[ 105 o
w 3
& 104 4
w 3
o 3
2 1,000
£
100 [
10 4
g
1 10 100 1,000 104 105 108 107 108 109
CUMULATIVE DEVICE HOURS, [f]

Figure 1. Depiction of the influence on the cumulative device hours with no failures
and the Failure Rate as measured in FITs.

Quality and Reliability

Pressure Sensor Device Data



One could thus imply that the reliability performance
indicates that vendor B has an order of magnitude
improvement in performance over vendor A with neither one
seeing an occurrence of failure during their performance.

Theincorrect assumption of a constant failure rate over time
can potentially result in a less reliable device being designed
into an application. The reliability testing assumptions and test
methodology between the various vendors needs to be
critiqued to insure a full understanding of the product
performance over the intended lifetime, especially in the case
of a new product.

INDUSTRY RELIABILITY STANDARDS

Reliability standards for large market segments are often
developed by “cross-corporation” committees that evaluate
the requirements for the particular application of interest. It is
the role of these committees to generate documents intended
as guides for technical personnel of the end users and
suppliers, to assist with the following functions: specifying,
developing, demonstrating, calibrating, and testing the
performance characteristics for the specific application.

One such committee which has developed a standard for a
particular application is the Blood Pressure Monitoring
Committee of the Association for the Advancement of Medical
Instrumentation (AAMI) (2). Their document, the “American
National Standard for Interchangeability and Performance of
Resistive Bridge Type Blood Pressure Transducers”, has an
objective to provide performance requirements, test
methodology, and terminology that will help insure that safe,
accurate blood pressure transducers are supplied to the
marketplace.

In the automotive arena, the Society of Automotive
Engineers (SAE) develops standards for various pressure
sensor applications such as SAE document J1346, “Guide to
Manifold Absolute Pressure Transducer Representative Test
Method” (3).

While these two very distinct groups have successfully
developed the requirements for their solid-state silicon
pressure sensor needs, no real standard has been set for the
general industrial marketplace to insure products being
offered have been tested to insure reliability under industrial
conditions. Motorola has utilized MIL-STD-750 as a reference
document in establishing reliability testing practices for the
silicon pressure sensor, but the differences in the technology
between a discrete semiconductor and a silicon pressure
sensor varies dramatically. The additional tests that are
utilized in semiconductor sensor reliability testing are based
on the worst case operational conditions that the device might
encounter in actual usage.

ESTABLISHED SENSOR TESTING

Motorola has established semiconductor sensor reliability
testing based on exercising to detect failures by the presence
of the environmental stress. Potential failure modes and
mechanisms are developed by allowing tests to run beyond
normal test times, thus stressing to destruction. The typical
reliability test matrix used to insure conformance to customers
end usage is as follows:

PULSED PRESSURE TEMPERATURE CYCLING
WITH BIAS (PPTCB)

This test is an environmental stress test combined with
cyclic pressure loading in which devices are alternately
subjected to a low and high temperature while operating under
a cyclical pressure load. This test simulates the extremes in
the operational life of a pressure sensor.

Typical Test Conditions: Tp =— 40°Cto +125°C, dwelltime
15 minutes, transfer time 15 minutes, bias = 100% rated
voltage, pressure = 0 to full scale, pressure frequency = 2
to 10 seconds, test time = 168 to 1000 hours.

Potential Failure Modes: Open, short, parametric shift.

Potential Failure Mechanisms: Wire bond, wire, die bond,
gel aeration, package failures, parametric stability.

HIGH HUMIDITY, HIGH TEMPERATURE WITH BIAS
(H3TB)

A combined environmental/electrical stress test in which
devices are subjected to an elevated ambient temperature
and humidity while the units are biased.

Typical Test Conditions: Ta = 85°C, relative humidity =
85%, bias = 100% rated voltage, test time = 168 to 1000
hours

Potential Failure Modes: Open, short, parametric shift.

Potential Failure Mechanisms: Wire bond, package
failure, parametric stability.

HIGH TEMPERATURE WITH BIAS (HTB)

This operational test exposes the pressure sensor to a high
temperature ambient environment in which the device is
biased to the rated voltage.

Typical Test Conditions: Tp = +125°C, bias = 100% rated
voltage, test time = 168 to 1000 hours.

Potential Failure Modes: Parametric shift in offset or
linearity.

Potential Failure Mechanisms: Die stability.

HIGH AND LOW TEMPERATURE STORAGE LIFE
(HTSL AND LTSL)

High and low temperature storage life testing is performed
to simulate the potential storage or operational conditions that
the pressure sensor might encounter in actual usage. The test
also evaluates the devices thermal integrity at worst case
temperature.

Typical Test Conditions: Tp = +125°C or Tp =— 40°C, test
time = 168 to 1000 hours.

Potential Failure Modes: Parametric shifts in offset and
linearity.

Potential Failure Mechanisms: Bulk die defects or
diffusion defects.
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TEMPERATURE CYCLING (TC)

This is a environmental test in which the pressure sensor is
alternatively subjected to hot and cold temperature extremes
with a short stabilization time at each temperature in an air
medium. This test will stress the devices by generating
thermal mismatches between materials.

Typical Test Conditions: Tp = —40°C to +125°C, Dwell
time 15 minutes, transfer time 5 minutes, test time = 100 to
1000 cycles.

Potential Failure Modes: Open, parametric shiftin offsetor
linearity.

Potential Failure Mechanisms: Wire bond, die bond,
package failures, gel aeration.

MECHANICAL SHOCK

This is an environmental test where the sensor device is
tested to determine its ability to withstand a sudden change in
mechanical stress due to an abrupt change in motion. This test
simulates motion that may be seen in handling, transportation,
or actual use.

Typical Test Conditions: Acceleration = 1500 ¢'s,
orientation=X1, X2, Y1,Z1,Z2plane, time=0.5 millisecond,
blows = 5.

Potential Failure Modes: Open, parametric shift in offset.
Potential Failure Mechanisms: Diaphragm fracture,
package failure, die and wire bonds.

VARIABLE FREQUENCY VARIATION

A test to examine the ability of the pressure sensor device
to withstand deterioration due to mechanical resonance.

Typical Test Conditions: Frequency = 100 Hz to 2 kHz,
orientation = X1, X2, Y1, Z1, Z2 plane, time = 48 minutes.

Potential Failure Modes: Open, parametric shift in offset.
Potential Failure Mechanisms: Diaphragm fracture,
package failure, die and wire bonds.

SOLDERABILITY

The purpose of this test is to measure the ability of device
leads/terminals to be soldered after an extended period of
storage (shelf life).

Typical Test Conditions: Steam aging = 8 hours, Flux=R,
Solder = SN60, SN63.

Potential Failure Modes: Pin holes, non-wetting,
dewetting.

Potential  Failure
contaminated leads.

Mechanisms: Poor plating,

BACK SIDE BLOWOFF

Thistestis performed to determine the ability of the pressure
sensor element to withstand excessive pressure in the
sensing environment. The test is performed from the back side
by trying to lift the die from the package due to the positive
pressure being applied.

Typical Test Conditions: Pressure = 6 times rated
pressure, blow = 1, time = 15 seconds.

Potential Failure Modes: Open, parametric shift in offset,
span.

Potential Failure Mechanisms: Die bond, package failure.

SALT ATMOSPHERE

Atest to simulate a sea coast condition and the ability of the
pressure sensor’s packaging to resist corrosion.

Typical Test Conditions: Rate of salt deposited in the test
area is between 50g/m2/day, temperature = 35°C, time = 24
hours.

Potential Failure Modes: Open, parametric shiftsin offset,
span.

Potential Failure Mechanisms:
corrosion, contamination.

Package failure,

A sufficient sample size manufactured over a pre-defined
time interval to maximize process and time variability is tested
based on the guidelines of the matrix shown above. This test
methodology is employed on all new product introductions
and process changes on current products. Summary statistics
from several recent reliability studies performed on silicon
pressure sensors are shown in Table 2.

A silicon pressure sensor has a typical usage environment
of pressure, temperature, and voltage. Unlike the typical
bipolar transistor life tests which incorporate current density
and temperature to accelerate failures, a silicon pressure
sensor’s acceleration of its lifetime performance is primarily
based on the pressure and temperature interaction with a
presence of bias. This rationale was incorporated into the
development of the Pulsed Pressure Temperature Cycling
with Bias (PPTCB) test where the major acceleration factor is
the pressure and temperature component. It is also why
PPTCB is the standard sensor operational life test.

Table 2. Summary Data for Recent Reliability Studies

PPTCB H3TB HTB
Cum. FITs | Cum. FITs Cum. FITs
frs. | ResUt | 6oo | hrs, | FeSUt ) gow | hrs. | RSO | 6o
2305 6300
50 0 |37 | ° 0 |1455 ] 134028 [ 0 | 6838
HTSL LTSL TC
Cum. FITs | Cum. FITs Cum. FITs
frs. | ResUt | goop | hrs | PeSUt | goo | hrs, | PESUM | Gos
113 470 123550
000 0 83 | "o 0 |2198 0 0 742
MECH SHOCK VARI. FREQ. VIBR. SALT ATM.
Cum. Cum. Cum.
Hrs. Result Hrs. Result Hrs. Result
123 0 122 0 83 0

To insure that silicon pressure sensors are designed and
manufactured for reliability, an in-depth insight into what
mechanisms cause particular failures is required. It is safe to
say that unless a manufacturer has a clear understanding of
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everything that can go wrong with the device, it cannot design
adevice for the highest reliability. Figure 2 provides alookinto
the sensor operating concerns for a variety of potential usage
applications. This information is utilized when developing the
Failure Mode and Effects Analysis (FMEA). The FMEA then
serves as the documentation that demonstrates all design and
process concerns have been addressed to offer the most
reliable approach. By understanding how to design products,
control processes, and eliminate the concerns raised, a
reliable product is achieved.

ACCELERATED LIFE TESTING

It is very difficult to access the reliability statistics for a
product when very few or no failures occur. With cost as a

predominant factor in any industrial setting and time of the
utmost importance, the reliability test must be optimized.
Optimization of reliability testing will allow the maximum
amount of information on the product being tested to be gained
in a minimum amount.of time, this is accomplished by using
accelerated life testing techniques.

Akey underlying assumption in the usage of accelerated life
testing to estimate the life of a product at a lower or nominal
stress is that the failure mechanism encountered at the high
stress is the same as that encountered at the nominal stress.
The most frequently applied accelerated environmental stress
for semiconductors is temperature, it will be briefly explained
here for its utilization in determining the lifetime reliability
statistics for silicon pressure sensors.

SENSOR RELIABILITY CONCERNS

[ GEL: ___DE
PACKAGE: Viscosity METALIZATION:
Integrity Thermal Coefficient of Expansion Lifting or Peeling
Pl_anng _Quallty Permeability Alignment
Dimensions Changes in Material or Process Scraiches
Thermal Resistance Height Voids
9
Mechanical Resistance Coverage Laser Trimming
Pressure Resistance Uniformity Thickness
Adhesive Properties Step Coverage )
Media Compatibility Contact Resistance Integrity
Gel Aeration DIAPHRAGM:
Compressibility Size
Thickness
Uniformity
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BONDING WIRES: | VA% Kegment
Strength F
Placement //4 — Pf;;ulr\iATION'
Hioght and Loop Thickness
X Mechanical Defects
Material o / \ Integrity
Bimetallic Contamination g
(Kirkendall Voids) /// Uniformity
icki V
Nicking and other damage Y VA A/ /A — ELecTRICAL PERFORMANCE:
General Quality & Workmanship Continuity and Shorts

LEADS:
Materials and Finish

Parametric Stability
Parametric Performance
Temperature Performance
Temperature Stability

Plating Integrity MARKING:
Solderability Permanency DIE ATTACH:
General Quality Clarity Uniformity
Strength Resistance to Mechanical Stress
Contamination Resistance to Temperature Stress
Corrosion Wetting
Adhesion Adhesive Strength
Process Controls
Die Orientation
Die Height

Change in Material or Process
Media Compatibility
Compressibility

Long Term Reliability

Storage Degradation
Susceptibility to Radiation Damage
Design Quality

[~ DESIGN CHANGES

—— MATERIAL OR PROCESS CHANGES
—— FAB & ASSEMBLY CLEANLINESS
—— SURFACE CONTAMINATION

— FOREIGN MATERIAL

|—— SCRIBE DEFECTS

—— DIFFUSION DEFECTS

—— OXIDE DEFECTS

Figure 2. Process & Product Variability Concerns During Reliability Testing
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The temperature acceleration factor for a particular failure
mechanism can be related by taking the ratio for the reaction
rate of the two different stress levels as expressed by the
Arrhenius type of equation. The mathematical derivation of the
first order chemical reaction rate computes to:

(RHs _ tns

© (Rms  bs

_ (ea)Hs 1 1
AF = exp I: k Tis  Ths

AF

/]

Where:
AF = Acceleration Factor
RT = Reaction Rate

t = time

T = temperature [°K]
ea activation energy of expressed
in electron-volts [eV]
k =  Boltzman’s constant, 8.6171 x 10-5 eV/°K
LS = Low stress or nominal temperature
HS = High stress or test temperature

The activation energy is dependent on the failure
mechanism and typically varies from 0.3 to 1.8 electron-volts.
The activation energy is directly proportional to the degree of
influence that temperature has on the chemical reaction rate.
A listing of typical activation energies is included in reference
(5) and (6).

As an example, Table 2 shows that a total of 134,028
cumulative device hours with no incidence has been
accumulated on recent reliability studies for High Temperature
with Bias (HTB). The test conditions for HTB are 125°C and
100% rated voltage. If a customer’s actual usage conditions
were 35°C at full rated voltage, an estimate of the failure rate
or Mean Time Between Failures (MTBF) can be obtained if the
assumption is made that the failure rate is constant over time.
The first step is to calculate the equivalent device hours for the
customer’s use conditions by solving for the acceleration
factor.

From the acceleration factor above, if eA is assumed equal

to 1,
_ (en) 1 1

AF = exp [ k Tis  Ths
Where:
eA = 1eV
k =  8.6171x 105 eV/°K
TLS = 35°C +273.16 = 308.16°K
THS = 125°C + 273.16 = 398°K
then;
AF 4,975.65

Therefore, the equivalent cumulative device hours at the
customer’s use condition is:

tLS AF x tHS = (134,028 x 4,975.65)
or
tLS =

66,876,236 device hours

Computing the failure rate for a 60% confidence level with
no failures is:

- 2 (a, d.f.)
B ot

or
A = 1.3E-9
or
A = 1.3 FITs
The inverse of the failure, A, or the MTBF is:
MTBF4 = 1A
or
MTBF = 727,633,645 device hours

PRESSURE SENSOR SOLUTIONS

When considering (7) the potential failure mechanisms in
FMEA, the possibility of connections failing during the lifetime
of the product is one of the most critical items. In addition, the
manufacturing defects of open or intermittent connection is
one of the frequently cited causes of electronic device failure.
This is definitely one of the areas where an integrated solution
has an inherent advantage over a hybrid.

As sensor technology continues to progress, on chip
integration allows for this enhanced reliability. One such
example is the MPX5100D, a monolithic integrated pressure
sensor which provides a high output voltage of four volts, with
a five volt supply, requiring no further amplification. The
MPX5100D has a total of three active connections from the die
to the package. This means that only nine bond connections
atthe die, three to the leadframe, and three solder connections
in the actual circuit. If this was a two-chip sensor, there would
be a total of 23 connections.

As further integration takes place incorporating more
functions on a chip surface (A/D conversion, microprocessor)
further reliability enhancement will be seen.

CONCLUSION

The maturity level of the silicon pressure sensor and the
number of manufacturers makes it timely to consider the
establishment of a colloquium to standardize the reliability
testing methodology for silicon pressure sensors. This paper’s
purpose was to introduce silicon pressure sensor reliability
issues and hopefully start the process of standardization.

Reliability testing durations and acceptance numbers are
used as a baseline for achieving adequate performance in the
actual use condition that the silicon pressure sensor might
encounter. The baseline for reliability testing can be related to
the current record high jump bar height. Justas athletes intime
achieve a higher level of performance by improvements in
their level of physical and mental fitness, silicon pressure
sensors must also incorporate improvements in the design,
materials, and manufacturability to achieve the reliability
growth demands the future market place will require. This
philosophy of never ending improvement will promote
consistent conformance to the customer’s expectation and
production of a best in class product.
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Reliability Tests for Automotive/industrial

Pressure Sensors

PULSE PRESSURE TEMPERATURE CYCLING
WITH BIAS (PPTCB)

This test is an environmental stress test combined with
cyclic pressure loading in which devices are alternately
subjected to a low and a high temperature while operating
under a cyclical pressure load. This test simulates the
extremes in the operational life of a pressure sensor. PPTCB
evaluates the sensor’s overall performance as well as
evaluating die, die bond, wire bond and package integrity.
Conditions: temperature extremes are —40°C to +125°C with
an 8 hour dwell at each temperature for 500 hours; pressure
is cycled at 1 Hz and 100% full scale pressure for 1,800,000
cycles. Bias is 100% rated voltage.

HIGH HUMIDITY, HIGH TEMPERATURE
WITH BIAS (H3TB)

A combined environmental/electrical stress test in which
devices are subjected to an elevated ambient temperature
and humidity while the units are biased. Sensors are tested in
this manner at 85°C and 85% relative humidity at 100%
operational voltage for 500 hours. This test is useful for
evaluating package integrity as well as detecting surface
contamination and processing flaws.

MECHANICAL SHOCK
(Military Standard 750 Method 2016)

Sensor units are dropped shocked at 3,000 g's of force five
times in each of six orientations (X1, X2, Y1, Y2, Z1, Z2). This
test simulates potential environmental conditions and
evaluates wire bond and diaphragm integrity.

VARIABLE VIBRATION FREQUENCY
(Military Standard 750 Method 2056)

Frequency is varied logarithimically from 100 Hz to 2 kHz
and then back to 100 Hz. Sensors are tested in this mannerfor
4 cycles in each axis for 4 minutes each cycle. The test
simulates potential environmental conditions and evaluates
package and die integrity.

HIGH AND LOW TEMPERATURE STORAGE LIFE
(HTSL And LTSL)

Sensor devices are subjected to storage temperatures of
+125°C and —40°C for 1000 hours each temperature. This test
simulates potential shipping and operational conditions and
evaluates the products thermal integrity.

TEMPERATURE CYCLE (TC)
(Military Standard 750 Method 1051)

This is an environmental test in which devices are
alternately subjected to a low and high temperature with a
stabilization dwell at each temperature in an air medium.
Sensors are tested in this method between —40°C and
+125°C with a 15 minute dwell for a total of 1000 cycles. This
test evaluates die bond, wire bond, and package integrity.

THERMAL SHOCK
(Military Standard 750 Method 1056)

This environmental test is identical to the TC test with the
exception that the medium is liquid. This provides a rapid
thermal transfer which evaluates the die bond, wire bond, and
package integrity. Dwell time is 1 minute and a total of 500
cycles are performed.

SALT SPRAY
(Military Standard 750 Method 1041)
Sensor devices are subjected to a salt spray atmosphere in

order to simulate a sea coast condition. This test evaluates
sensor packaging’s resistance to corrosion.

SOLDERABILITY
(Military Standard 750 Method 2026)

Inthis reliability test, devices are steam aged for 6 hours and
then soldered dipped. The test evaluates the ability of sensor
products to be soldered after a simulated storage
environment.

Pressure Sensor Device Data
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Statistical Process Control

Motorola’s Communications, Power and Signal
Technologies Group (CPSTG) is continually pursuing new
ways to improve product quality. Initial design improvementis
one method that can be used to produce a superior product.
Equally important to outgoing product quality is the ability to
produce product that consistently conforms to specification.
Process variability is the basic enemy of semiconductor
manufacturing since it leads to product variability. Used in all
phases of Motorola’s product manufacturing, STATISTICAL
PROCESS CONTROL (SPC) replaces variability with
predictability. The traditional philosophy in the semiconductor
industry has been adherence to the data sheet specification.
Using SPC methods assures the product will meet specific
process requirements throughout the manufacturing cycle.
The emphasis is on defect prevention, not detection.
Predictability through SPC methods requires the
manufacturing culture to focus on constant and permanent
improvements. Usually these improvements cannot be
bought with state-of-the-art equipment or automated factories.
With quality in design, process and material selection, coupled
with manufacturing predictability, Motorola can produce world
class products.

The immediate effect of SPC manufacturing is predictability
through process controls. Product centered and distributed
well within the product specification benefits Motorola with
fewer rejects, improved yields and lower cost. The direct
benefit to Motorola’s customers includes better incoming
quality levels, less inspection time and ship-to-stock
capability. Circuit performance is often dependent on the
cumulative effect of component variability. Tightly controlled
component distributions give the customer greater circuit
predictability. ~Many customers are also converting to
just-in-time (JIT) delivery programs. These programs require
improvements in cycle time and yield predictability achievable
oniy through SPC techniques. The benefit derived from SPC
helps the manufacturer meet the customer’s expectations of
higher quality and lower cost product.

Ultimately, Motorola will have Six Sigma capability on all
products. This means parametric distributions will be
centered within the specification limits with a product
distribution of plus or minus Six Sigma about mean. Six Sigma
capability, shown graphically in Figure 3, details the benefit in
terms of yield and outgoing quality levels. This compares a
centered distribution versus a 1.5 sigma worst case
distribution shift.

New product development at Motorola requires more robust
design features that make them less sensitive to minor
variations in processing.  These features make the
implementation of SPC much easier.

A complete commitment to SPC is present throughout
Motorola. All managers, engineers, production operators,
supervisors and maintenance . personnel have received
multiple training courses on SPC techniques. Manufacturing
has identified 22 wafer processing and 8 assembly steps
considered critical to the processing of semiconductor
products. Processes, controlled by SPC methods, that have
shown significant improvement are in the diffusion,
photolithography and metallization areas.

B .
-60 -50 -46 -36 -20 -10 o 10 26 30 40 50 60

Standard Deviations From Mean

Distribution Centered Distribution Shifted + 1.5

At £ 3 G 2700 ppm defective 66810 ppm defective
99.73% yield 93.32% yield
At+ 4 ¢ 63 ppm defective 6210 ;
o/ ppm defective
99.9937% yield 99.379% yield

Att5 G 0.57 ppm defective
99.999943% yield

At £ 6 G 0.002 ppm defective
99.9999998% yield

233 ppm defective
99.9767% yield

3.4 ppm defective
99.99966% yield

Figure 3. AOQL and Yield from a Normal
Distribution of Product With 6c Capability

To better understand SPC principles, brief explanations
have been provided. These cover process capability,
implementation and use.

PROCESS CAPABILITY

One goal of SPC is to ensure a process is CAPABLE.
Process capability is the measurement of a process to
produce products consistently to specification requirements.
The purpose of a process capability study is to separate the
inherent RANDOM VARIABILITY from ASSIGNABLE
CAUSES. Once completed, steps are taken to identify and
eliminate the most significant assignable causes. Random
variability is generally present in the system and does not
fluctuate. Sometimes, these are considered basic limitations
associated with the machinery, materials, personnel skills or
manufacturing methods. Assignable cause inconsistencies
relate to time variations in yield, performance or reliability.

Traditionally, assignable causes appear to be random due
to the lack of close examination or analysis. Figure 4 shows
the impact on predictability that assignable cause can have.
Figure 5 shows the difference between process control and
process capability.

A process capability study involves taking periodic samples
from the process under controlled conditions. The
performance characteristics of these samples are charted
againsttime. Intime, assignable causes can be identified and
engineered out. Careful documentation of the process is key
to accurate diagnosis and successful removal of the
assignable causes. Sometimes, the assignable causes will
remain unclear requiring prolonged experimentation.

Elements which measure process variation control and
capability are Cp and Cpk respectively. Cp is the specification
width divided by the process width or Cp = (specification
width) / 6. Cpk is the absolute value of the closest
specification value to the mean, minus the mean, divided by
half the process width or Cpk = | closest specification —x /35

Quality and Reliability
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PREDICTION

Process “under control” - all assignable causes are
removed and future distribution is predictable.

Figure 4. Impact of Assignable Causes on
Process Predictable

In control assignable
causes eliminated

Out of control
(assignable causes present)

Specification Limit

SIZE

Lower ~=— Upper

Specification Limit
/,\;

In control and capable
(variation from random

In control but not capable
(variation from random variability

SIZE

variability reduced)
excessive)

Figure 5. Difference Between Process
Control and Process Capability

At Motorola, for critical parameters, the process capability is
acceptable with a Cpk = 1.33. The desired process capability
is a Cpk = 2 and the ideal is a Cpk = 5. Cpk, by definition,
shows where the current production process fits with
relationship to the specification limits. Off center distributions
or excessive process variability will resultin less than optimum
conditions

SPC IMPLEMENTATION AND USE

DMTG uses many parameters that show conformance to
specification. Some parameters are sensitive to process
variations while others remain constant for a given product
line. Often, specific parameters are influenced when changes
to other parameters occur. It is both impractical and
unnecessary to monitor all parameters using SPC methods.
Only critical parameters that are sensitive to process variability
are chosen for SPC monitoring. The process steps affecting
these critical parameters must be identified also. It is equally
important to find a measurement in these process steps that
correlates with product performance. This is called a critical
process parameter.

Once the critical process parameters are selected, a
sample plan must be determined. The samples used for

measurement are organized into RATIONAL SUBGROUPS:

of approximately 2 to 5 pieces. The subgroup size should be
such that variation among the samples within the subgroup
remain small. All samples must come from the same source
e.g., the same mold press operator, etc.. Subgroup data
should be collected at appropriate time intervals to detect

variations in the process. As the process begins to show
improved stability, the interval may be increased. The data
collected must be carefully documented and maintained for
later correlation. Examples of common documentation entries
would include operator, machine, time, settings, product type,
etc.

Once the plan is established, data collection may begin.

The data collected will generate X and R values that are
plotted with respecttotime. X referstothe mean of the values
within a given subgroup, while R is the range or greatest value
minus least value. When approximately 20 or more X and R
values have been generated, the average of these values is
computed as follows:

X =(X+ X2+ X8+ ..)/K

R=(R1+R2+R3+..)K
where K = the nunlber of subgroups measured.
The values of Xand R are used to create the process

control chart.” Control charts are the primary SPC tool used to
signal a problem. Shown in Figure 6, process control charts

show X and R values with respect to time and concerning
reference to upper and lower control limit values. Control limits
are computed as follows:

R upper control limit = UCLR = D4 R

R lower control limit = LCLR = D3 R

X upper control limit = UCL y = X+ A2 R

X lower control limit=LCLY = x- A2 R

Pressure Sensor Device Data
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Figure 6. Example of Process Control Chart Showing Oven Temperature Data

Where D4, D3 and A2 are constants varying by sample
size,with values for sample sizes from 2 to 10 shown in the
following partial table:

n 2 3 4 5 6 7 8 9 10
D4 327 257 228 211 200 192 186 1.82 1.78
D3 * * * * * 0.08 0.14 0.18 0.22
Ap 188 1.02 073 058 048 042 037 034 0.31

* For sample sizes below 7, the LCLR would technically be
a negative number; in those cases there is no lower control
limit; this means that for a subgroup size 6, six “identical”
measurements would not be unreasonable.

Control charts are used to monitor the variability of critical
process parameters. The R chart shows basic problems with
piece to piece variability related to the process. The X chart
can often identify changes in people, machines, methods, etc.
The source of the variability can be difficult to find and may
require experimental design techniques to identify assignable
causes.

Some general rules have been established to help
determine when a process is OUT-OF-CONTROL. Figure 7
shows a control chart subdivided into zones A, B, and C
corresponding to 3 sigma, 2 sigma, and 1 sigma limits
respectively. In Figure 8 through Figure 11 four of the tests
that can be used to identify excessive variability and the
presence of assignable causes are shown. As familiarity with
a given process increases, more subtle tests may be
employed successfully.

Once the variability is identified, the cause of the variability
must be determined. Normally, only a few factors have a
significant impact on the total variability of the process. The
importance of correctly identifying these factors is stressed in
the following example. Suppose a process variability depends
on the variance of five factors A, B, C, D and E. Each has a
variance of 5, 3, 2, 1 and 0.4 respectively.

Since:

Gtot="/0A2+0B2+0C2 4+ OD2 +0 E2

ctot=7/ 52432422+ 12+ (042 =63

Now if only D is identified and eliminated then;

ctot=\/ 52432422+ (0.4)2 =62

This results in less than 2% total variability improvement. If
B, C and D were eliminated, then;

o tot = 52 4+ (0_4)2 =5.02

This gives a considerably better improvement of 23%. If
only A is identified and reduced from 5 to 2, then;

Gtot=\/ 22432422412+ (0.4)2=43

Identifying and improving the variability from 5 to 2 gives us
a total variability improvement of nearly 40%.

Most techniques may be employed to identify the primary
assignable cause(s). Out-of-control conditions may be
correlated to documented process changes. The product may
be analyzed in detail using best versus worst part
comparisons or Product Analysis Lab - equipment.
Multi-variance analysis can be used to determine the family of
variation (positional, critical or temporal). Lastly, experiments
may be run to test theoretical or factorial analysis. Whatever
method is used, assignable causes must be identified and
eliminated in the most expeditious manner possible.

After assignable causes have been eliminated, new control
limits are calculated to provide a more challenging variability
criteria for the process. As yields and variability improve, it
may become more difficult to detect improvements because
they become much smaller. When all assignable causes have
been eliminated and the points remain within control limits for
25 groups, the process is said to be in a state of control.
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ZONE A (+ 3 SIGMA)
ZONE B (+ 2 SIGMA)
ZONE C (- 1 SIGMA)
ZONE B (- 2 SIGMA)
ZONE A (- 3 SIGMA) LCL
Figure 7. Control Chart Zones
ucL
LCL

Figure 9. Two Out of Three Points in Zone A or
Beyond Indicating Excessive Variability

UCL

LCL

Figure 8. One Point Outside Control Limit
Indicating Excessive Variability

ucL

LCL

Figure 10. Four Out of Five Points in Zone B or
Beyond Indicating Excessive Variability

UCL

Figure 11. Seven Out of Eight Points in Zone C
or Beyond Indicating Excessive Variability

LCL

SUMMARY

Motorola is committed to the use of STATISTICAL
PROCESS CONTROLS. These principles, used throughout
manufacturing, have already resulted in many significant
improvements to the processes. Continued dedication to the

SPC culture will allow Motorola to reach the Six Sigma and
zero defect capability goals. SPC will further enhance the
commitment to TOTAL CUSTOMER SATISFACTION.
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Electrostatic Discharge Data

Electrostatic damage (ESD) to semiconductor devices has
plagued the industry for years. Special packaging and
handling techniques have been developed to protect these
sensitive devices. While many of Motorola’s semiconductors
devices are not susceptible to ESD, all products are revered
as sensitive and handled accordingly.

The data in this section was developed using the
human-body model specified in MIL-STD-750C, Method
1020. The threshold values (Eth, kV) of ten devices was
recorded, then the average value calculated. This data plus
the device type, device source, package type, classification,
polarity and general device description are supplied. Devices
listed are mainly JEDEC registered 1N and 2N numbers.
Military QPL devices and some customer specials are also in
this database. The data in this report will be updated regularly,
and the range will be added as new data becomes available.

The sensitivity classifications listed are as follows:

Class 1...1to 1999 volts

Class 2 . . .2000 to 3999 volts

Class 3 . . .4000 to > 15500 volts

The code “N/S” signifies a non-sensitive device. “SEN” are
considered sensitive and should be handled accordingto ESD
procedures. Of the various products manufactured by the
Communications, Power and Signal Technologies Group, the
following examples list general device families by not sensitive
to extremely sensitive.

Not sensitive . . . ... FET current regulators

Least sensitive . ... Zener diodes (on a square
mil/millijoule basis)

Less sensitive . . ... Bipolar transistors

More sensitive . ... Bipolar darlington transistors

Very sensitive ... .. Power TMOS® devices

Extremely sensitive Hot carrier diodes and MOSFET
transistors without gate protection

The data supplied herein, is listed in numerical or
alphabetical order.

DEVICE LINE CASE CLASS PRODUCT DESCRIPTION
MPX10D XLOO10V1 344-08 3-SEN Uncompensated
MPX10DP XLoo10V1 352-02 3-SEN Uncompensated
MPX10GP XLOO10V1 350-02 3-SEN Uncompensated
MPX10GVP XLOO10V1 350-04 3-SEN Uncompensated
MPX10GS XL0010V1 371-06 3-SEN Uncompensated
MPX10GVS XLOO10V1 371-05 3-SEN Uncompensated
MPX10GSX XLOO10V1 371C-02 3-SEN Uncompensated
MPX10GVSX XLOO10V1 371D-02 3-SEN Uncompensated
MPX11D XL0011V1 344-08 3-SEN Uncompensated
MPX11DP XLOO11V1 352-02 3-SEN Uncompensated
MPX11GP XL0O11V1 350-02 3-SEN Uncompensated
MPX11GVP XLO011V1 350-04 3-SEN Uncompensated
MPX11GS XL0011V1 371-06 3-SEN Uncompensated
MPX11GVS XL0011V1 371-05 3-SEN Uncompensated
MPX11GSX XL0011V1 371C-02 3-SEN Uncompensated
MPX11GVSX XLO011VA 371D-02 3-SEN Uncompensated
MPX12D XL0012V1 344-08 3-SEN Uncompensated
MPX12DP XL0012V1 352-02 3-SEN Uncompensated
MPX12GP XL0012V1 350-02 3-SEN Uncompensated
MPX12GVP XL0012V1 350-04 3-SEN Uncompensated
MPX12GS XL0012V1 371-06 3-SEN Uncompensated
MPX12GVS XL0012V1 371-05 3-SEN Uncompensated
MPX12GSX XL0012V1 371C-02 3-SEN Uncompensated
MPX12GVSX XL0012V1 371D-02 3-SEN Uncompensated
MPX50D XL0050V3 344-08 3-SEN Uncompensated
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DEVICE LINE CASE CLASS PRODUCT DESCRIPTION
MPX50DP XLO050V3 352-02 3-SEN Uncompensated
MPX50GP XLO050V3 350-02 3-SEN Uncompensated
MPX50GVP XL0O050V3 350-04 3-SEN Uncompensated
MPX50GS XL0050V3 371-06 3-SEN Uncompensated
MPX50GVS XL0050V3 371-05 3-SEN Uncompensated
MPX50GSX XLO050V3 371C-02 3-SEN Uncompensated
MPX50GVSX XL0O050V3 371D-02 3-SEN Uncompensated
MPX51D XL0051V3 344-08 3-SEN Uncompensated
MPX51DP XL0051V3 352-02 3-SEN Uncompensated
MPX51GP XL0051V3 350-02 3-SEN Uncompensated
MPX51GVP XL0051V3 350-04 3-SEN Uncompensated
MPX51GS XL0051V3 371-06 3-SEN Uncompensated
MPX51GVS XL0051V3 371-05 3-SEN Uncompensated
MPX51GSX XL0051V3 371C-02 3-SEN Uncompensated
MPX51GVSX XL0051V3 371D-02 3-SEN Uncompensated
MPX52D XL0051V3 344-08 3-SEN Uncompensated
MPX52DP XL0051V3 352-02 3-SEN Uncompensated
MPX52GP XL0051V3 350-02 3-SEN Uncompensated
MPX52GVP XL0051V3 350-04 3-SEN Uncompensated
MPX52GS XL0051V3 371-06 3-SEN Uncompensated
MPX52GVS XL0051V3 371-05 3-SEN Uncompensated
MPX52GSX XL0051V3 371C-02 3-SEN Uncompensated
MPX52GVSX XL0051V3 371D-02 3-SEN Uncompensated
MPX100A XLO100V2 344-08 3-SEN Uncompensated
MPX100AP XLO100V2 350-02 3-SEN Uncompensated
MPX100AS XLO100V2 371-06 3-SEN Uncompensated
MPX100ASX XLO100V2 371C-02 3-SEN Uncompensated
MPX100D XLO100V3 344-08 3-SEN Uncompensated
MPX100DP XLO100V3 352-02 3-SEN Uncompensated
MPX100GP XLO100V3 350-02 3-SEN Uncompensated
MPX100GVP XLO100V3 350-04 3-SEN Uncompensated
MPX100GS XLO100V3 371-06 3-SEN Uncompensated
MPX100GVS XLO100V3 371-05 3-SEN Uncompensated
MPX100GSX XLO100V3 371C-02 3-SEN Uncompensated
MPX100GVSX XLO100V3 371D-02 3-SEN Uncompensated
MPX200A XL0200V2 344-08 3-SEN Uncompensated
MPX200AP XL0200V2 350-02 3-SEN Uncompensated
MPX200AS XL0200V2 371-06 3-SEN Uncompensated
MPX200ASX XL0200V2 371C-02 3-SEN Uncompensated
MPX200D XL0O200V3 344-08 3-SEN Uncompensated
MPX200DP XL0200V3 352-02 3-SEN Uncompensated
MPX200GP XL0200V3 350-02 3-SEN Uncompensated
MPX200GVP XL0200V3 350-04 3-SEN Uncompensated
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DEVICE LINE CASE CLASS PRODUCT DESCRIPTION
MPX200GS XL0200V3 371-06 3-SEN Uncompensated
MPX200GVS XL0200V3 371-05 3-SEN Uncompensated
MPX200GSX XL0200V3 371C-02 3-SEN Uncompensated
MPX200GVSX XL0200V3 371D-02 3-SEN Uncompensated
MPX201A XL0200V2 344-08 3-SEN Uncompensated
MPX201AP XL0200V2 350-02 3-SEN Uncompensated
MPX201AS XL0200V2 371-06 3-SEN Uncompensated
MPX201ASX XL0200V2 371C-02 3-SEN Uncompensated
MPX201D XL0200V3 344-08 3-SEN Uncompensated
MPX201DP XL0200V3 352-02 3-SEN Uncompensated
MPX201GP XL0200V3 350-02 3-SEN Uncompensated
MPX201GVP XL0200V3 350-04 3-SEN Uncompensated
MPX201GS XL0200V3 371-06 3-SEN Uncompensated
MPX201GVS XL0200V3 371-05 3-SEN Uncompensated
MPX201GSX XL0200V3 371C-02 3-SEN Uncompensated
MPX201GVSX XL0200V3 371D-02 3-SEN Uncompensated
MPX700A XL0700V2 344-08 3-SEN Uncompensated
MPX700AP XL0700V2 350-02 3-SEN Uncompensated
MPX700AS XLO0700V2 371-06 3-SEN Uncompensated
MPX700ASX XLO700V2 371C-02 3-SEN Uncompensated
MPX700D XL0700V1 344-08 3-SEN Uncompensated
MPX700DP XLO700V1 352-02 3-SEN Uncompensated
MPX700GP XLO700V1 350-02 3-SEN Uncompensated
MPX700GVP XLO700V1 350-04 3-SEN Uncompensated
MPX700GS XLO700V1 371-06 3-SEN Uncompensated
MPX700GVS XLO700V1 371-05 3-SEN Uncompensated
MPX700GSX XLO700V1 371C-02 3-SEN Uncompensated
MPX700GVSX XLO700V1 371D-02 3-SEN Uncompensated
MPX2010D XL2010V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2010DP XL2010V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2010GP XL2010V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2010GVP XL2010V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2010GS XL2010V1 371-06 1-SEN Temperature Compensated/Calibrated
MPX2010GVS XL2010V1 371-05 1-SEN Temperature Compensated/Calibrated
MPX2010GSX XL2010V1 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2010GVSX XL2010V1 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2012D XL2010V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2012DP XL2010V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2012GP XL2010V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2012GVP XL2010V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2012GS XL2010V1 371-06 1-SEN Temperature Compensated/Calibrated
MPX2012GVS XL2010V1 371-05 1-SEN Temperature Compensated/Calibrated
MPX2012GSX XL2010V1 371C-02 1-SEN Temperature Compensated/Calibrated
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MPX2012GVSX XL2010V1 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2040D XL2300B 344-08 1-SEN Temperature Compensated/Calibrated
MPX2050D XL2050V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2050DP XL2050V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2050GP XL2050V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2050GVP XL2050V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2050GS XL2050V3 371-06 1-SEN Temperature Compensated/Calibrated
MPX2050GVS XL2050V3 371-05 1-SEN Temperature Compensated/Calibrated
MPX2050GSX XL2050V3 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2050GVSX XL2050V3 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2051D XL2050V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2051DP XL2050V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2051GP XL2050V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2051GVP XL2050V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2051GS XL2050V1 371-06 1-SEN Temperature Compensated/Calibrated
MPX2051GVS XL2050V1 371-05 1-SEN Temperature Compensated/Calibrated
MPX2051GSX XL2050V1 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2051GVSX XL2050V1 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2052D XL2050V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2052DP XL2050V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2052GP XL2050V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2052GVP XL2050V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2052GS XL2050V3 371-06 1-SEN Temperature Compensated/Calibrated
MPX2052GVS XL2050V3 371-05 1-SEN Temperature Compensated/Calibrated
MPX2052GSX XL2050V3 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2052GVSX XL2050V3 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2100A XL2100V2 344-08 1-SEN Temperature Compensated/Calibrated
MPX2100AP XL2100V2 350-02 1-SEN Temperature Compensated/Calibrated
MPX2100AS XL2100v2 371-06 1-SEN Temperature Compensated/Calibrated
MPX2100ASX XL2100V2 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2100D XL2100V3 344-08 1-SEN Temperature Compensated/Calibrated
MPX2100DP XL2100V3 352-02 1-SEN Temperature Compensated/Calibrated
MPX2100GP XL2100V3 350-02 1-SEN Temperature Compensated/Calibrated
MPX2100GVP XL2100V3 350-04 1-SEN Temperature Compensated/Calibrated
MPX2100GS XL2100V3 371-06 1-SEN Temperature Compensated/Calibrated
MPX2100GVS XL2100V3 371-05 1-SEN Temperature Compensated/Calibrated
MPX2100GSX XL2100V3 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2100GVSX XL2100V3 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2101A XL2100V2 344-08 1-SEN Temperature Compensated/Calibrated
MPX2101AP XL2100v2 350-02 1-SEN Temperature Compensated/Calibrated
MPX2101AS XL2100V2 371-06 1-SEN Temperature Compensated/Calibrated
MPX2101ASX XL2100V2 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2101D XL2100V1 344-08 1-SEN Temperature Compensated/Calibrated
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MPX2101DP XL2100V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2101GP XL2100V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2101GVP XL2100V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2101GS XL2100V1 371-06 1-SEN Temperature Compensated/Calibrated
MPX2101GVS XL2100V1 371-05 1-SEN Temperature Compensated/Calibrated
MPX2101GSX XL2100V1 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2101GVSX XL2100V1 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2200A XL2200V2 344-08 1-SEN Temperature Compensated/Calibrated
MPX2200AP XL2200V2 350-02 1-SEN Temperature Compensated/Calibrated
MPX2200AS XL2200V2 371-06 1-SEN Temperature Compensated/Calibrated
MPX2200ASX XL2200V2 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2200D XL2200V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2200DP XL2200V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2200GP XL2200V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2200GVP XL2200V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2200GS XL2200V1 371-06 1-SEN Temperature Compensated/Calibrated
MPX2200GVS XL2200V1 371-05 1-SEN Temperature Compensated/Calibrated
MPX2200GSX XL2200V1 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2200GVSX XL2200V1 371D-02 1-SEN Temperature Compensated/Calibrated
MPX2201A XL2200V2 344-08 1-SEN Temperature Compensated/Calibrated
MPX2201AP XL2200V2 350-02 1-SEN Temperature Compensated/Calibrated
MPX2201AS XL2200V2 371-06 1-SEN Temperature Compensated/Calibrated
MPX2201ASX XL2200V2 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2201D XL2200V1 344-08 1-SEN Temperature Compensated/Calibrated
MPX2201DP XL2200V1 352-02 1-SEN Temperature Compensated/Calibrated
MPX2201GP XL2200V1 350-02 1-SEN Temperature Compensated/Calibrated
MPX2201GVP XL2200V1 350-04 1-SEN Temperature Compensated/Calibrated
MPX2201GS XL2200V1 371-06 1-SEN Temperature Compensated/Calibrated
MPX2201GVS XL2200V1 371-05 1-SEN Temperature Compensated/Calibrated
MPX2201GSX XL2200V1 371C-02 1-SEN Temperature Compensated/Calibrated
MPX2201GVSX XL2200V1 371D-02 1-SEN Temperature Compensated/Calibrated
MPX5050D XL4050T1 867-04 1-SEN Signal-Conditioned
MPX5050DP XL4050T1 867C-03 1-SEN Signal-Conditioned
MPX5050GP XL4050T1 867B-03 1-SEN Signal-Conditioned
MPX5050GVP XL4050T1 867D-03 1-SEN Signal-Conditioned
MPX5050GS XL4050T1 867E-02 1-SEN Signal-Conditioned
MPX5050GVS XL4050T1 867A-03 1-SEN Signal-Conditioned
MPX5050GSX XL4050T1 867F-02 1-SEN Signal-Conditioned
MPX5050GVSX XL4050T1 867G-02 1-SEN Signal-Conditioned
MPX5100A XL5100T2 867-04 1-SEN Signal-Conditioned
MPX5100AP XL5100T2 867B-03 1-SEN Signal-Conditioned
MPX5100AS XL5100T2 867E-02 1-SEN Signal-Conditioned
MPX5100ASX XL5100T2 867F-02 1-SEN Signal-Conditioned
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MPX5100D XL5100T1 867-04 1-SEN Signal-Conditioned
MPX5100DP XL5100T1 867C-03 1-SEN Signal-Conditioned
MPX5100GP XL5100T1 867B-03 1-SEN Signal-Conditioned
MPX5100GVP XL5100T1 867D-03 1-SEN Signal-Conditioned
MPX5100GS XL5100T1 867E-02 1-SEN Signal-Conditioned
MPX5100GVS XL5100T1 867A-03 1-SEN Signal-Conditioned
MPX5100GSX XL5100T1 867F-02 1-SEN Signal-Conditioned
MPX5100GVSX XL5100T1 867G-02 1-SEN Signal-Conditioned
MPX7050D XL7050V1 344-08 1-SEN High Impedance
MPX7050DP XL7050V1 352-02 1-SEN High Impedance
MPX7050GP XL7050V1 350-02 1-SEN High Impedance
MPX7050GVP XL7050V1 350-04 1-SEN High Impedance
MPX7050GS XL7050V1 371-06 1-SEN High Impedance
MPX7050GVS XL7050V1 371-05 1-SEN High Impedance
MPX7050GSX XL7050V1 371C-02 1-SEN High Impedance
MPX7050GVSX XL7050V1 371D-02 1-SEN High Impedance
MPX7100A XL7100V2 344-08 1-SEN High Impedance
MPX7100AP XL7100V2 350-02 1-SEN High Impedance
MPX7100AS XL7100V2 371-06 1-SEN High Impedance
MPX7100ASX XL7100V2 371C-02 1-SEN High Impedance
MPX7100D XL7100V1 344-08 1-SEN High Impedance
MPX7100DP XL7100V1 352-02 1-SEN High Impedance
MPX7100GP XL7100V1 350-02 1-SEN High Impedance
MPX7100GVP XL7100V1 350-04 1-SEN High Impedance
MPX7100GS XL7100V1 371-06 1-SEN High Impedance
MPX7100GVS XL7100V1 371-05 1-SEN High Impedance
MPX7100GSX XL7100V1 371C-02 1-SEN High Impedance
MPX7100GVSX XL7100V1 371D-02 1-SEN High Impedance
MPX7200A XL7200V2 344-08 1-SEN High Impedance
MPX7200AP XL7200V2 350-02 1-SEN High Impedance
MPX7200AS XL7200V2 371-06 1-SEN High Impedance
MPX7200ASX XL7200V2 371C-02 1-SEN High Impedance
MPX7200D XL7200V1 344-08 1-SEN High Impedance
MPX7200DP XL7200V1 352-02 1-SEN High Impedance
MPX7200GP XL7200V1 350-02 1-SEN High Impedance
MPX7200GVP XL7200V1 350-04 1-SEN High Impedance
MPX7200GS XL7200V1 371-06 1-SEN High Impedance
MPX7200GVS XL7200V1 371-05 1-SEN High Impedance
MPX7200GSX XL7200V1 371C-02 1-SEN High Impedance
MPX7200GVSX XL7200V1 371D-02 1-SEN High Impedance
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Applications Information

Example Circuits

MPX2000 sensors with on-chip compensation can be used
individually or in multiples in research, design, or development
projects to optimize a design. The small size and low cost of
the compensated MPX2000 series of sensors makes these
devices ideally suited for such applications.

Many process control functions can also be served by
MPX2000 sensors handling pressure ranges up to 30 PSl in

Fluid Pressure
Circuit

+5 Vdc

Fluid pressure transducer circuit with
inverted output. In this configuration, the
circuit provides a 4 Vdc output with zero
pressure applied, decreasing to 0 Vdc at
full rated pressure. An ideal circuit for

*

gauge, vacuum and differential measurements. Wind tunnel
measurements, vacuum forming or vacuum ' pickup
monitoring are among the many potential applications.
Several specific applications examples are shown on the
following pages. These are offered as basic suggestions
only; actual component selection and values are
determined by the final circuit requirements.

100 kQ
0.1

- i
1~ INVERTING OUTPUT

4V-0V

44Q

n +
MPX2200

any type of liquid level monitoring.

Simple Pressure
Sensor Amplifier

OP AMP IS: LM358

*TRIM 7O 4.0 VOUT
WITH 0 PRESSURE IN. (= 100 k)

Fluid Pressure Circuit

A single op-amp circuit which gives a
4 volt dc output for full-scale pressure
input. The circuit is ratiometric, giving
2 Vdc out with a 5 volt supply. A good,
low-cost general-purpose circuit for
those applications where +3%
performance is acceptable, it can also
be trimmed to provide +1.5% accuracy
over the 0-85°C temperature range.
Multi-turn potentiometers are suggested
for Roff and Rspan.

+10Vdc
MPX2051DP
2 3,
out
0-7.5PS 12LM358 >
10K 2 0-4 Vde
1mMQ A
Roff /5 1MQ ¢ RgpAN
e
.01 pF

1
LAl

Simple Pressure Sensor Amplifier
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Example Circuits (continued)

Portable
Manometer

A DVM circuit used for portable
equipment such as manometers and
barometers. Precision performance is
achievable using a high-grade
instrumentation amplifier and
substituting a precision regulator for the
zener.

Solid State
Pressure Switch

A low-cost, set-point pressure switch
for motor control applications. This
circuit has been used successfully to
control compressor and pump motors,
as well as heaters in liquid level
applications.

Microprocessor
Interface Circuit

High level input for an A/D converter.
This circuit offers moderate
performance with typical logic supply.
Improved performance over
temperature is possible using metal-film
resistors and an LM158 op-amp.
Maximum output is approximately
4.5 Vdc referenced to ground.

/

90V]
(6.0mA)

],

1

1/2 LM358

T

0.1

M4
)
=
=

<

) 3
31500
2
MPX2050GP |_
56V 3 2
0-75 4 !
PSI L
6
31500 =

;/2 M358 i

o

+ 4
/l R = 1/4 W. 5% METAL FILM

+
DVM
199.9 mV
fs.

Portable Manometer

R | R7
_____ | geT 2 100kQ 10k o ‘ 2.0k
2 R6
180 Qi C2==0.1
. R5 2570 Q ol
1| moc 2N6072
3009 TRIAC
2| TRIAC
DRIVER
A2 |4
MPX2200G
0-30 PSI
Solid State Pressure Switch
+5 Vde
3
outr
4 —>
0-4V
22M 100k
22M 20k
= — GAN

— OFFSET
(OPTIONAL)

Microprocessor Interface Circuit
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MOTOROLA

SEMICONDUCTOR

APPLICATION NOTE

AN840

Temperature Compensation Methods For The
Motorolia X-ducer Pressure Sensor Element

Prepared by: Craig Swartz, Carl Derrington, and John Gragg

High Frequency and Optical Products Group
Motorola Semiconductor Products Sector

INTRODUCTION

The X-ducer piezoresistive pressure sensor element is a
semiconductor device that gives an electrical output signal
proportional to the pressure applied to the device. This device
uses a unique transverse voltage diffused semiconductor
strain gauge which is sensitive to stresses produced in a thin
silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to
differences in the thermal expansion of the strain gauge and
the diaphragm, as are often encountered in bonded strain
gauge pressure sensors. However, the properties of the strain
gauge itself are temperature dependant, requiring that the
device be temperature compensated if it is to be used over an
extensive temperature range. The purpose of this Application
Note istoillustrate how this temperature compensation can be
accomplished, so as to aid the user in applications where
temperature compensation is necessary.

The methods discussed here are not the only methods for
temperature compensating the X-ducer piezoresistive
pressure sensor. They are relatively simple, however, and
have been found to be adequate where accuracies of a few
percent or less are sufficient. Moreover, they are applicable
to the entire product line for the X-ducer pressure sensor
element and, in many applications, can provide good
performance without consideration of part-to-part variations
consistent with the specifications of these devices.

TEMPERATURE CHARACTERISTICS

Figure 1 shows a typical operating curve for an MPX100D
pressure sensor element. Other members of this product
family which cover different operating pressure ranges exhibit
similar behavior. As can be seen from this figure, the output of
this device varies with operating temperature. - It is this
variation with temperature which requires that the device be
temperature compensated.

This temperature variation can be characterized in terms of
the effect of temperature on (1) the full scale span, which is the
change in output over the operating pressure range, and (2)
the zero pressure offset, which is the output at zero applied
pressure (differential or absolute, depending on the type of the
device). The effect of temperature on these two
characteristics is specified by the temperature coefficient of
span, which is the slope of the straight line connecting the
value of the full scale span at —40°C and +125°C normalized
by the value of the full scale span at 25°C, and the temperature

coefficient of offset, which is the slope of the straight line
connecting the value of the zero pressure offset at —40°C and
+125°C. To properly compensate the device for the effect of
temperature, both the full scale span and the zero pressure
offset must be temperature compensated.

TEMPERATURE COMPENSATION OF FULL
SCALE SPAN

From Figure 1, it is evident that the full scale span of the
X-ducer piezoresistive pressure sensor element decreases
with increasing temperature. The typical temperature
coefficient of span is —0.19%/°C, although this can vary
somewhat from part to part. This temperature dependence is
one of the better characterized operating parameters,
depending on the bulk material properties of the diffused strain
gauge. The primary factors which affect the temperature
coefficient of span are the sheet resistance and the junction
depth of the diffused strain gauge.
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Figure 1. MPX100D Output Voltage versus Applied
Pressure (3.0 Volts Excitation)

Since, at any fixed pressure, the output of the X-ducer
piezoresistive pressure sensor element is ratiometric to the
excitation voltage applied to the device, the most common
method for the temperature compensation of full scale span
is to increase the excitation voltage with increasing
temperature in such a manner that it exactly opposes the
decrease in full scale span with increasing temperature.
Figure 2 shows an experimentally measured curve for the
normalized excitation voltage required to compensate the full
scale span of an MPX100D pressure sensor element over the
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temperature range of —40°C to +100°C. This curve is very
linear with temperature, the expression for the excitation
voltage Vx given in Figure 2 fitting the experimentally
measured data with a regression coefficient of 0.99999. In this
case, the temperature coefficient required for the excitation
voltage in order to compensate the full scale span is +2102
ppm/°C. This value corresponds to a temperature coefficient
of span of —2102 ppm/°C, which is on the low end of the
specified value for this characteristic. However, the exact
value is not important to the present discussion, and many of
the design procedures outlined are valid for the entire range
specified for the temperature coefficient of span for the
X-ducer piezoresistive pressure sensor element.
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Figure 2. Normalized Excitation Voltage versus
Temperature (For Constant Span)

There are many ways of generating a temperature
dependent voltage such as that given in Figure 2 for the
temperature compensation of full scale span. One of the
simplest and most direct methods is to use the temperature
characteristics of the resistance of the diffused strain gauge
itself. Figure 3 shows the variation in the input resistance of the
same device used for Figure 2 over the temperature range
-40°C to +100°C. The expression for this resistance, Ry,
given in the figure shows a small second order term which
causes the temperature coefficient of resistance (TCR) to
increase with increasing temperature. The TCR at 25°C is
2405 ppm/°C which agrees well with the specified typical
value for the TCR of 0.24%/°C.
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Figure 3. Normalized Resistance and Temperature
Coefficient of Resistance versus Temperature

To understand how this temperature variation in the
resistance of the X-ducer piezoresistive pressure sensor
element can be used to temperature compensate the full scale
span of the device, consider a hypothetical case where (1) the
input resistance is linear with temperature and (2) the TCR is
equal to 2102 ppm/°C. In this special case, if a constant
current were to be used to excite the device, the excitation
voltage Vx appearing across the diffused strain gauge would
match exactly with the ideal value required for compensation
of the full scale span given in Figure 2. This technique for
temperature compensation of full scale span is called
self-temperature compensation. There are several difficulties
with the practical implementation of self-temperature
compensation methods, however, notably the fact that the
TCR of the device and the temperature coefficient of span
must be exactly equal in magnitude and opposite in sign. In
actual practice, there is little chance that this condition will be
satisfied.

Because of this, the X-ducer piezoresistive pressure sensor
element was intentionally designed so that the TCR of the
device would be greater in absolute value than the
temperature coefficient of span. Under these conditions, the
effective TCR of the sensor element can now be modified by
placing additional passive resistive elements either in parallel
or in series with the X-ducer. The effect of these passive
elements is to reduce the TCR of the network involving these
passive elements and the X-ducer piezoresistive pressure
sensor element. If the TCR of the X-ducer is greater than that
required for perfect self-temperature compensation, the
effective TCR of the network can be lowered to a point where
self-temperature compensation can be realized. All the
methods described herein for temperature compensation of
full scale span utilize this approach to achieve
self-temperature compensation.

SELF-TEMPERATURE COMPENSATION

As noted in the previous section, to achieve
self-temperature  compensation using the X-ducer
piezoresistive pressure sensor, additional passive resistive
components must be placed in a network with the X-ducer to
reduce the TCR of the device to the point needed for
self-temperature compensation. While there are many such
networks, the simplest ones are: (1) a single resistive element
in parallel with the X-ducer, and (2) a single resistive element
in series with the X-ducer. Here, we will restrict our
considerations to these two simple cases. As will be seen,
both of these networks can give excellent temperature
compensation.

For perfect temperature compensation of the full scale
span, the excitation voltage, Vx(T), must match that shown in
Figure 2. Therefore, the objective is to obtain an excitation
voltage of the form

VX(T) = Vx h(T) (1
where
h(T) = 0.999925 + 0.002102 x (T-25). 2)

To do this, we will place a passive resistive element in either
parallel or series with the X-ducer piezoresistive pressure
sensor element which has a resistance, R(T), of the form

R(T) =R g(T) 3

where g(T) is a function of temperature yet to be defined.
The definition is determined by the fact that when this resistive

Pressure Sensor Device Data

Application Notes



AN840

element is placed in either parallel or series with the X-ducer,
the temperature variation of the excitation voltage must match
that given by Equation 1.

We know that the resistance of the X-ducer, Rx(T) is given
by the equation

Rx(T) = Ry f(T) 4)

where

f(T) = 1.001750 + 0.002405 x (T-25) + (5
0.00006 x (T—25)2.

Therefore, it can be easily shown that for a series resistive
element, the function g(T) must be given by

g(T) = (Rx/R) f(T) [(1 + R/RY)/h(T) —1]. (6)

Similarly, for a parallel resistive element, the function g(T)
must satisfy the relationship
g(T) = h@®FT)/I(1 + R/RX(T) — (R/BY)(T)]. (@)

Figures 4 and 5 show the behavior of the function g(T) for
series and parallel compensation resistive elements
respectively over the temperature range —40°C to +100°C.
Characteristic curves are shown for various resistance ratios,
R:Ry, of the resistance of the compensation resistive element
to the resistance of the X-ducer. We will discuss the
significance of these characteristic curves separately for the
case of a parallel compensation resistive element and the
case of a series compensation resistive element, since
different techniques are required to achieve the desired
temperature dependence, g(T), for the compensation
resistive element.
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SPAN COMPENSATION USING A PARALLEL
RESISTIVE ELEMENT

The temperature compensation of span using a parallel
resistive element can only be accomplished if the X-ducer is
excited using a constant current source. If constant voltage
excitation is required, the use of a parallel resistive element
will not work for this application. Where a constant current
source can be employed, however, the use of a parallel
resistive element can give very good temperature
compensation with very simple circuit components.

From Figure 5, it is apparent that for all practical resistance
ratios, R:Ry, of the parallel resistive element to that of the
X-ducer, a large and positive TCR is required for the parallel
resistor. For resistance ratios less than one, this condition is
true even at elevated temperatures. Moreover, the TCR of the
parallel resistor for R:Rx less than one is a constant to a good
approximation for any given resistance ratio R:Rx. Figure 6
shows how the TCR of the parallel resistor required for ideal
span temperature compensation must vary with the
resistance ratio, R:Rx. This TCR was determined using a
least-square regression analysis to determine the slope of the
characteristic curves shownin Figure 5 for R:Rx less thanone.
The magnitude of this TCR is consistent with the use of
semiconductor resistors as the parallel resistive element,
although it may be necessary to use yet a second zero TCR
high value resistor in parallel with the semiconductor resistor
to linearize the TCR of this element. Note too that the
presence of this linearization resistor will further decrease the
effective TCR of the total parallel network and allowance
should be made for this effect.

A particularly simple yet effective span temperature
compensation can be achieved for temperatures around room
temperature by noting in Figure 5 that for resistance ratios,
R:Rx, between 3.0 and 4.0, the behavior of the parallel resistor
approximates that of a zero TCR resistor. Figure 7 shows the
span compensation error, determined by the percent deviation
of the true excitation voltage from that given in Figure 2,
realized using zero TCR resistors as the parallel resistive
element. As can be seen from this figure, the use of zero TCR
parallel resistors in the resistance ratio range of 3.0 t0 4.0 can
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produce temperature compensation sufficient to limit the span
compensation error to less than +1.0% from 0° to +120°C.
While the low temperature compensation is not good, this type
of span compensation is very well suited to many applications
where the X-ducer is not subject to or required to perform
accurately at low temperatures. It should be noted, however,
that the totally - uncompensated X-ducer = has a
self-temperature compensation characteristic which gives
very good low temperature span compensation. This is also
shown in Figure 7. A constant current source must be used
with the uncompensated X-ducer to achieve this result, just as
in the case of the parallel compensation resistor.

While the use of parallel resistor span temperature
compensation can be -very simple, yet give very good
compensation, this technique is not without its- limitations.
Thus, the X-ducer itself is a low input impedance device with
a typical input resistance of 400-550 ohms. While this low
impedance minimizes noise problems, it can impose a heavy
drain on a current source in order to obtain excitation voltage
levels of 3.0 volts or greater. In addition, if the supply voltage
is limited (for example, to 5.0 volts maximum), increases in the
resistance of the X-ducer with increasing temperature could
create a condition where there is not sufficient voltage across
the current source to maintain its operation. Because of these
problems, the use of the parallel resistive element span
compensation technique is not recommended in applications
where the current supply is limited or where there are
requirements that the X-ducer be operated at low supply
voltages and elevated temperatures.
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SPAN COMPENSATION USING A SERIES
RESISTIVE ELEMENT ‘

Span temperature compensation using a series resistive
element assumes that a constant supply voltage is employed.
The desired excitation voltage, Vx(T), then appears as aresult
of the voltage divider network formed by the series resistor
and the X-ducer piezoresistive .pressure sensor element.
While this technique is more complex than that of parallel span

compensation, it can provide the highest accuracies and
cover the widest range of temperatures. The major reason that
the use of a series compensation resistor is more complex
than the use of a parallel resistor is that, as can be seen from
Figure 4, the TCR of the series resistor must be negative for
most resistance ratios, R:Ry, of the series resistors to the
X-ducer
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There is one particularly simple case for span temperature
compensation using a series resistor, that being where the
resistance ratio, R:RY, is near 3.0. From Figure 4 again, it is
evident that for this case, a zero TCR resistor will provide good
span temperature compensation for temperatures around
room temperature. In fact, it can be easily shown that the span
compensation error resulting from the use of a zero TCR
series resistor is identical to that shown in Figure 7 for span
compensation using a parallel zero TCR resistor. However,
when this resistor is used in series rather than in parallel, the
magnitude of the excitation voltage, Vx(T), actually applied to
the X-ducer (and hence the magnitude of the output signal) is
considerably reduced due to the dividing of the supply voltage
across the series resistor. Much lower current drains can be
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obtained in this manner, however, and this technique can work
well where there is sufficient supply voltage to tolerate the loss
in excitation voltage applied to the X-ducer.

To minimize the loss in excitation voltage due to the use of
a series resistor for span compensation, it is obvious that the
resistance ratio, R:Ry, of the series resistor to the X-ducer
should be kept as small as possible. However, referring to
Figure 4, it is evident that as the resistance ratio, R:Rx, gets
smaller the TCR of the series resistor must become
increasingly negative. For values of R:Ryx of 0.8 or less, the
required TCR of the series resistor closely approximates a
constant value, since the characteristic curves shown in
Figure 4 are very nearly linear with temperature for ratios of
R:Ry less than 0.8. Figure 8 shows the variation in the TCR
required for ideal span temperature compensation using a
series resistor as a function of the resistance ratio, R:Rx. This
TCR was determined using a least-square linear regression
to determine the slope of the characteristic curves shown in
Figure 4 for R:Rx less than or equal to 1.0.

The problem with this approach to span temperature
compensation is that negative TCR resistors are not common.
The closest approximation to a negative TCR resistor is found
in thermistors. These are oxide semiconductor materials
which show large, nonlinear decreases in resistance with
increasing temperature. Empirically, it has been found that the
temperature behavior of these thermistors can best be
described by an exponential function of the form

R(T) = R(25°C) exp B[1/(T + 273) — 1/298] (8)

where the parameter B (which has the units of °K) is
equivalent to the TCR for resistors. While a thermistor, itself,
is highly nonlinear, a good linear, negative TCR network can
be achieved by placing a zero TCR resistor in parallel with the
thermistor. The linearity of this parallel network’s resistance
with temperature and the TCR both depend on the ratio of the
parallel resistor to the thermistor as well as the B of the
thermistor. Figure 9 shows the effect of different parallel
resistance ratios on the temperature dependence of a
thermistor with a B of 1250° K. In this case, a linear resistance
with a negative TCR is obtained for a resistance ratio of 0.5 or
less.
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For a thermistor of any given B, an appropriate parallel
resistance can be determined which will match the TCR of
the thermistor: resistor network to the TCR required for ideal
span temperature compensation given in Figure 8. This can
be done using either a trial-and-error approach or a root
solving method. Figure 10 shows the results of this
calculation for a given set of thermistor  values ranging from
1000°K to 3000°K. From the set of curves given in this figure,
for any given resistance ratio RNETWORK:RX (which
determines from Figure 8 the TCR required for ideal span
compensation), the ratio RPARALLEL:RTHERMISTOR can
be found for a particular thermistor § which will make the
TCR of the thermistor:resistor parallel network equal to the
TCR required for span compensation. Figure 11 is a plot of
the same data given in Figure 10, only in this case the ratio
RPARALLEL:RTHERMISTOR is plotted versus the
thermistor B for a given resistance ratio RNETWORK:RX. It
should be emphasized that both Figures 10 and 11 are based
on approximations of linearity and constant TCR’s and,
because of this, should be used only as guides to the
selection of the thermistor:resistor network required for span
temperature compensation.
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SAMPLE CALCULATIONS OF SPAN
COMPENSATION USING THERMISTORS

Since the results given in Figures 10 and 11 may appear
somewhat confusing at first, it is worthwhile to illustrate the
use of the figures with some examples. Thus, consider the
following problem:

Problem: A MPX100D X-ducer has an input resistance
of 450 ohms at 25°C and a temperature coefficient span
of -0.21%/°C. It is required that the excitation voltage on
the X-ducer be 4.0 volts at 25°C. The supply voltage is 6.0
volts. Select a thermistor:resistor parallel network which
will temperature compensate the span of the X-ducer
when placed in series with the X-ducer.

Solution: In order for the excitation voltage to be 4.0
volts with a 6.0 volts supply voltage, the resistance ratio
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RNETWORK:Rx must be equal to 0.5. Since the
X-ducer has a resistance of 450 ohms, this means that
the thermistor: resistor parallel network must have a
resistance of 225 ohms. Referring to Figure 10, for a
resistance ratio of 0.5, it can be seen that there is an
infinite number of networks which satisfy the TCR
requirement for span compensation, depending on the
B of the thermistor. Since the choice of this  is arbitrary,
we will select a thermistor with a § of 1250°K. In. this
case, Figure 10 shows that a resistance ratio of
RPARALLEL:RTHERMISTOR equal to 0.485 is required
to give the TCR required for span temperature
compensation.

Figure 12 shows a plot of the span compensation error
resulting from this choice of thermistor B and parallel
resistance ratio. Also shown in this figure is the span
compensation error for resistance ratios,
RPARALLEL:RTHERMISTOR, equal to 0.45 and 0.52.
As can be seen from this figure, the value of 0.45 for the
parallel resistance ratio gives an even better
temperature compensation than does the value of 0.485
selected using Figure 10. Therefore, it can be concluded
that a thermistor of B equal to 1250°K and 25°C
resistance of 725 ohms in parallel with a 326 ohm
resistor will give good span compensation when placed
in series with the MPX100D X-ducer.

Itisimportant to note in the above example that although the
results of Figure 10 gave a value of 0.485 for the parallel
resistance ratio, the span compensation error plot showed
thata value of 0.45 gave even better span compensation. This
reflects the approximate nature of the results given in Figure
10 and emphasizes the importance of the span compensation
error plot. The results of Figure 10 should only be used as a
guide to the selection of the approximate values required for
span compensation. The actual compensation values should
be selected by evaluating the span compensation error for all
values in the vicinity of that selected from Figure 10. Figures
13 and 14 show the effect of variations in the ratio
RNETWORK:Rxandthe B ofthe thermistor respectively onthe
span compensation error. While these effects are not large,
they can be significant where high accuracy is required.

Problem: A MPX200A X-ducer has a resistance of 480
ohms at 25°C and a temperature coefficient of span of
-0.19%/°C. A thermistor is available which has a
resistance of 900 ohms at 25°C with a B of 1500°K. It is
desired to have an excitation voltage of 3.5 volts on the
X-ducer at 25°C when the device is compensated by a
series network using this thermistor. The supply voltage
is 5.0 volts. Determine the value of the resistor to be
placed in parallel with this thermistor to obtain span
temperature compensation.

Solution: To obtain an excitation voltage of 3.5 volts at
25°C, theresistance ratio RNETWORK: Rx mustbe equal
to 0.43. Since the X-ducer has a resistance of 480 ohms
at 25°C, the network resistance must be equal to 206
ohms. The parallel resistor required to give this value
when used with the 900 ohm thermistor is 267 ohms.
Therefore, the resistance ratio, RPARALLEL:
RTHERMISTOR. isequalto0.30. Referringto Figure 10,a
problem is immediately obvious, since this figure

indicates.that for a B of 1500°K, the required resistance
ratio, RPARALLEL: RTHERMISTOR, must be equal to
0.49 for RNETWORK: Rx equal to 0.43. From Figure 11,
we can see that the B of the thermistor is too low, a
value of approximately 2000°K being indicated by this
figure. Therefore, an inconsistent set of values has
been selected for this X-ducer. However, note that the
temperature coefficient of span of the X-ducer is —1900
ppm/°C, whereas the results given in Figures 10 and 11
assume a value of —2100 ppm/°C. Therefore, we should
not be hasty in drawing any firm conclusions at this point.
Infact, a span compensation error plot using these values
gives a maximum error of +2.11% at—40°C and shows an
error of less than £0.50% from 0°C to +125°C. Thus the
available thermistor can give good temperature
compensation of span for this X-ducer over a limited
range of temperature.

In the example presented above, a situation was
encountered where the problem was overdetermined. It
was not possible to satisfy the conditions for span
compensation required by Figure 10 using the values
given in the problem. To avoid situations like this, Figure
10 can be modified to show the interdependence
between the two resistance ratios, RNETWORK:Rx and
RPARALLEL:RTHERMISTOR. When both the
resistance of the thermistor and the resistance of the
X-ducer are given. Figure 15 shows the same data as
Figure 10, only with the addition of isocontours for
constant resistance ratios RTHERMISTOR:RX (the
dashed lines in the figure). To illustrate the use of this
figure, consider the following problem:

Problem: An MPX50D X-ducer has a resistance of 470
ohms at 25°C and a temperature coefficient of span of
—-0.20%/°C. A thermistor is available which has a
resistance at 25°C of 1100 ohms and a B of 1250°K.
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and the parallel resistor required to span compensate this
device.

Solution: The ratio RTHERMISTOR: RX for this case
is equal to 2.3. Referring to Figure 15, for a f of 1250°K,
the curve for the ratio RTHERMISTOR:RX equal to 2.3
would cross the compensation curve at the approximate
values of RPARALLEL:RTHERMISTOR equal to 0.33
and RNETWORK:Rx equal to 0.58. Using a span
compensation error plot, it is found that the best span
compensation occurs at the values RNETWORK:RX
equal to 0.58 and RPARALLEL:RTHERMISTOR equal
to 0.31. The resulting compensation error is 1.13% at
—-40°C and less than £0.8% between —-20°C and
+125°C. The excitation voltage on the X-ducer for these
values is equal to 63% of the supply voltage and the
required parallel resistor is equal to 341 ohms.

As in the first example, the span compensation error plot
revealed that the resistance ratios required for ideal span
temperature compensation as determined from Figure 15
were not the optimal values. In this case, this is probably due
to the fact that we had to infer where the isocontour for the ratio
RTHERMISTOR: Rx equalto2.3waslocatedsincethe nearest
value was 2.5. This demonstrates again the value of using the
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span compensation error plot as the means for determining
the proper span compensation conditions.

Summarizing the results of this section, several general
features associated with the use of thermistors to span
compensate the X-ducer piezoresistive pressure sensor
element can be noted.

(1) When both the X-ducer and the thermistor have fixed
resistance values, there is only one excitation voltage (as
a percent of the supply voltage) and one parallel
resistance value which will give the proper span
temperature compensation for a given B.

(2) The shape of the compensation curves shown in
Figure 10 indicate that the best compensation can be
achieved at low values for the resistance ratio
RNETWORK: Rx, since variations in the resistance

ratio RPARALLEL:RTHERMISTOR result in less
deviation from the ideal span compensation curve.

(3) As can be seen in Figures 12, 13, and 14, the span
compensation error is generally a sigmoidal curve.
Increasing either of the required resistance ratios or the
of the thermistor tends to rotate this sigmoidal curve in a
counter-clockwise direction about the 25°C point.

(4) The use of low  thermistors tends to give better span
temperature compensation. This follows to some degree
from the conditions noted in (2) above.

(5) A span compensation error plot should always be
used to verify the selected resistance ratios for span
compensation, particularly if high accuracy is required.

OFFSET VOLTAGE TEMPERATURE
COMPENSATION

One of the primary reasons for the use of the transverse
voltage piezoresistive strain gauge found in the X-ducer is that
it provides an electrical signal from a single diffused resistive
element. Unlike the more conventional piezoresistive
pressure sensor devices which employ a Wheatstone bridge,
the transverse voltage strain gauge does not have to be
matched with other diffused resistors in either its resistance or
its temperature coefficient of resistance. Therefore, the zero
pressure offset voltage and the temperature coefficient of this
offset voltage depend only on the resolution limits of
photolithography, which can be very accurately controlled with
the technology available within the semiconductor industry.

Indeed the offset voltage of the X-ducer and its temperature
coefficient are very well controlled, the offset voltage typically
ranging between 0 and 20 millivolts and the temperature
coefficient of the offset typically being on the order of +15

microvolts/°C when the X-ducer is excited at a constant 3.0
volt. Both of these characteristics can vary, however, and
provision must be made for the temperature compensation of
the offset voltage as well as the span if high accuracy is
required over an extended temperature range.

Even in those cases where the temperature coefficient of
offset is acceptably small, provision must generally be made
for offset temperature compensation for other reasons. Thus,
consider Figure 16 which shows schematics for the span

temperature compensation methods discussed in the
previous sections.
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In all these cases, span temperature compensation is
accomplished by introducing a temperature dependent
excitation voltage, Vx(T), which increases with increasing
temperature to compensate for the decrease in span with
increasing temperature. However, the zero pressure offset
voltage is proportional to the excitation voltage applied to the
X-ducer just as is the span. Therefore, the process of
temperature compensating span automatically introduces a
positive temperature component into the temperature
dependence of the offset voltage.

This problem can be minimized by restoring to a balanced
span compensation network such as is shown in Figure 17. In
this example, the span compensation is split between the top
and the bottom of the X-ducer. This results in the common
mode voltage at the output of the X-ducer remaining constant
over temperature, since the transverse voltage strain gauge
acts as a simple voltage divider in the absence of any applied
pressure. However, if amplification of the output signal of the
X-ducer is required, additional temperature effects can be
introduced in the associated circuitry by, for example, the
temperature coefficient of the offset voltage of operational
amplifiers. Because of these considerations, the general
approach to the temperature compensation of the offset
voltage of the X-ducer has been to temperature compensate
the system rather than the X-ducer piezoresistive pressure
sensor element itself.

The simplest method for accomplishing this system offset
voltage temperature compensation is to utilize the
temperature dependent voltage, Vx(T), already present in the
system as a result of the span temperature compensation
process. Figure 18 shows a generalized circuit diagram for the
signal conditioning of the X-ducer piezoresistive pressure
sensor element which incorporates both span and offset
temperature compensation. Both positive and negative
temperature coefficients of offset can be accommodated,
depending on which input of differential amplifier OAg2 is
connected to the temperature dependent excitation voltage,
Vx(T). This circuit is quite simple, consisting of a buffer
amplifier (OA1) which amplifies the differential output of the
X-ducer and minimizes the loading of these outputs (this is
important due to the high output impedance of the X-ducer
which is on the order of 1.0 kQ), and a summing amplifier
(OA2) which provides for the adjustment of both span and
offset as well as incorporating temperature compensation of
the offset voltage. In general, the major gain stage should be
in the buffer amplifier (OA1), since the temperature coefficient
of the amplifier offset voltage will also be amplified and can be
compensated for by the summing action of OAo. The summing
amplifier (OAg) should provide only enough gain to allow for
the adjustment of span and offset, since it will amplify its own
temperature coefficient of offset as well as any higher order
temperature dependent voltages which can not be
compensated for by the linearly temperature dependent
voltage, Vx(T).
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SUMMARY

Temperature compensation of both span and offset voltage
for the X-ducer piezoresistive pressure sensor can be
accomplished using relatively simple passive elements to
generate temperature dependent voltages which act in a
manner counter to the temperature characteristics of the
X-ducer. These techniques are capable of providing
accuracies of better than +1% over a temperature range from
—40°C to +125°C. Span temperature compensation elements
can be selected using design guides presented in the previous
sections of this note. The temperature compensation of the
offset voltage is less well defined, but should generally be
considered from a system viewpoint unless very costly circuits
can be accepted.

While the computational methods used in this Application
Note may appear laborious, they are well worthwhile. In fact,
they are not that difficult. The calculations used in this note
have been performed on a programmable hand calculator.
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Compensating for Nonlinearity

in the MPX10 Series
Pressure Transducer

Prepared by: Carl Demington
Design Engineering

INTRODUCTION

This application note describes a technique to improve the
linearity of Motorola’s MPX10 series pressure transducers
when they are interfaced to a microprocessor system. The
linearization technique allows the user to obtain both high
sensitivity and good linearity in a cost effective system.

The MPX10, MPX11 and MPX12 pressure transducers are
semiconductor devices which give an electrical output signal
proportional to the applied pressure over the pressure range
of 0-10 kPa (0-75 mm Hg). These devices use a unique
transverse voltage-diffused silicon strain-gauge which is
sensitive to stress produced by pressure applied to a thin
silicon diaphragm.

One of the primary considerations when using a pressure
transducer is the linearity of the transfer function, since this
parameter has a direct effect on the total accuracy of the
system, and compensating for nonlinearities with peripheral
circuits is extremely complicated and expensive. The purpose
of this document is to outline the causes of nonlinearity, the
trade-offs that can be made for increased system accuracy,
and a relatively simple technique that can be utilized to
maintain system performance, as well as system accuracy.

ORIGINS OF NONLINEARITY

Nonlinearity in semiconductor strain-gauges is a topic that
has been the target of many experiments and much
discussion. Parameters such as resistor size and orientation,
surface impurity levels, oxide passivation thickness and
growth temperatures, diaphragm size and thickness are all
contributors to nonlinear behavior in silicon pressure
transducers. The Motorola X-ducer was designed to minimize
these effects. This goal was certainly accomplished in the
MPX50, MPX100 and MPX200 series which have a
maximum nonlinearity of 0.1% FS. However, to obtain the
higher sensitivity of the MPX10 series, a maximum
nonlinearity of £1% FS has to be allowed. The primary cause
of the additional nonlinearity in the MPX10 series is due to the
stress induced in the diaphragm by applied pressure being no
longer linear.

One of the basic assumptions in using semiconductor
strain-gauges as pressure sensors is that the deflection of the
diaphragm when pressure is applied is small compared to the
thickness of the diaphragm. With devices that are very
sensitive in the low pressure ranges, this assumption is no
longervalid. The deflection of the diaphragm is a considerable
percentage of the diaphragm thickness, especially in devices
with higher sensitivities (thinner diaphragms). The resulting
stresses do not vary linearly with applied pressure. This
behavior can be reduced somewhat by increasing the area of
the diaphragm and consequently thickening the diaphragm.
Due to the constraint, the device is required to have high
sensitivity over a fairly small pressure range, and the
nonlinearity cannot be eliminated. Much care was givenin the
design of the MPX10 series to minimize the nonlinear
behavior. However, for systems which require greater
accuracy, external techniques must be used to account for
this behavior.

PERFORMANCE OF AN MPX DEVICE

The output versus pressure of a typical MPX12 along with
an end-point straight line is shown in Figure 1. All nonlinearity
errors are referenced to the end-point straight line (see data
sheet). Notice there is an appreciable deviation from the
end-point straight line at midscale pressure. This shape of
curve is consistent with MPX10 and MPX11, as well as
MPX12 devices, with the differences between the parts being
the magnitude of the deviation from the end-point line. The
major tradeoff that can be made in the total device
performance is sensitivity versus linearity.

Figure 2 shows the relationship between full scale span and
nonlinearity error for the MPX10 series of devices. The data
shows the primary contribution to nonlinearity is
nonproportional stress with pressure, while assembly and
packaging stress (scatter of the data about the line) is fairly
small and well controlled. It can be seen that relatively good
accuracies (<0.5% FS) can be achieved at the expense of
reduced sensitivity, and for high sensitivity the nonlinearity
errorsincrease rapidly. The data shown in Figure 2 was taken
at room temperature with a constant voltage excitation of 3.0
volts.
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Figure 1. MPX12 Linearity Analysis Raw Data

5.0
Jﬁf
a0 — 7#
P 30 +H 4+
Z 20 hu
o
L
5 ! ol
0 +
+ j +
-1.0
0 10 20 30 40 50 60 70 80 90
SPAN (mV)

Figure 2. MPX10 Span versus Linearity

COMPENSATION FOR NONLINEARITY

The nonlinearity error shown in Figure 1 arises from the
assumption that the output voltage changes with respect to
pressure in the following manner:

Vout = Voff + sens*P

[

where Voff = output voltage at zero pressure
differential
sens = sensitivity of the device
P = applied pressure

It is obvious that the true output does not follow this simple
straight line equation. Therefore, if an expression could be
determined with additional higher order terms that more
closely described the output behavior, increased accuracies
would be possible. The output expression would then become

Vout Voff +(Bo+B1*P+Bg*P2+33*P3 +...) [2]

where Bg, B1, B2, B3, etc. are sensitivity coefficients. In order
to determine the sensitivity coefficients given in equation [2]
for the MPX10 series of pressure transducers, a polynomial
regression analysis was performed on data taken from 139
devices with full scale spans ranging from 30 to 730 mV. It was
found that second order terms are sufficient to give excellent
agreement with experimental data. The calculated regression
coefficients were typically 0.999999+ with the worst case
being 0.99999. However, these sensitivity coefficients
demonstrated a strong correlation with the full scale span of
the device for which they were calculated. The correlation of
Bg, B1, and B2 with full scale span is shown in Figures 3
through 5.
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Figure 3. MPX10 Linearity Analysis —
Correlation of Bg Vout = Bg + B1 (P) + B2 (P)2
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Figure 4. MPX10 Linearity Analysis —
Correlation of By Vout = Bg + B1 (P) + B2 (P)2
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Figure 5. MPX10 Linearity Analysis —
Correlation of B Vout = Bg + B1 (P) + B (P)2

In order to simplify the determination of these coefficients
for the user, further regression analysis was performed so that
expressions could be given for each coefficient as a function
of full scale span. This would then allow the user to do a single
pressure measurement, a series of calculations, and
analytically arrive at the equation of the line that describes the
output behavior of the transducer. Nonlinearity errors were
then calculated by comparing experimental data with the
values calculated using equation [2] and the sensitivity
coefficients given by the regression analysis. The resulting
errors are shown in Figures 6 through 9 at various pressure
points. While using this technique has been successful in
reducing the errors due to nonlinearity, the considerable
spread and large number of devices that showed errors >1%
indicate this technique was not as successful as desired.

Application Notes

5-14

Pressure Sensor Device Data



AN935

NO. OF UNITS
— 2154
30— LINEARITY ERROR (% FS)
- —
. 19.38
2al— General Fit —17.23
| P = 14FS
L Average Error = 0.15
21— Standard Deviation = 0.212 —115.08
18— —12.92
15 __ —10.77
121 —8.62
9.0f— —6.46
6.0— —4.31
3.0 —2.15
00l | TR T | : 3 P B | | 1
-20 -18 -16 -14 -12 -10 -08 -06 -04 -02 00 02 04 06 08 10 12 14 16 18 20
Figure 6. Linearity Error of General Fit Equation at 1/4 FS
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Figure 7. Linearity Error of General Fit Equation at 1/2 FS
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Figure 9. Linearity Error of General Fit Equation at FS
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A second technique that still uses a single pressure
measurement as the input was investigated. In this method,
the sensitivity coefficients are calculated using a piece-wise
linearization technique where the total span variation is
divided into four windows of 10 mV (i.e., 30-39.99, 40-49.99,
etc.) and coefficients calculated for each window. The errors
that arise out of using this method are shown in Figures 10
through 13. This method results in a large majority of the

devices having errors <0.5%, while only one of the devices
was >1%. The sensitivity coefficients that are substituted into
equation [2] for the different techniques are given in Table 1.
It is important to note that for either technique the only
measurement that is required by the user in order to clearly
determine the sensitivity coefficients is the determination of
the full scale span of the particular pressure transducer.

NO. OF UNITS %
—37.69
LINEARITY ERROR (% FS)
48 |— —33.92
L
L —30.15
42— Piece-Wise Linear Fit
= P =14FS
- Average Error = 0.18 —26.38
36 |— Standard Deviation = 0.159
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30—
i —18.85
24—
- —15.08
18—
- —1.3
-
-
12 i i
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-
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Figure 10. Linearity Error of Piece-Wise Linear Fit at 1/4 FS

Table 1. Comparison of Linearization Methods

SPAN WINDOW Bo H

By | B2

GENERAL FIT

0.1045 + 2.95E - 3X

I 0.2055 + 1.598E — 3X + 1.723E — 4X2 |

1.293E - 13%5.681

PIECE-WISE LINEAR FIT
30-39.99 0.08209 — 2.246E — 3X 0.02433 = 1.430E - 2X -1.961E - 4 + 8.816E — 6X
40-49.99 0.1803 —4.67E - 3X -0.119 + 1.655E — 2X —1.572E - 3 + 4.247E - 5X
50-59.99 0.1055 - 3.051E - 3X —0.355 + 2.126E — 2X -5.0813 -3 + 1.116E — 4X
60-69.99 -0.288 + 3.473E - 3X -0.361 + 2.145E — 2X -5.928E - 3 + 1.259E - 4X

X = Full Scale Span
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Figure 11. Linearity Error of Piece-Wise Linear Fit at 1/2 FS
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Figure 12. Linearity Error of Piece-Wise Linear Fit at 3/4 PS
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Figure 13. Linearity Error of Piece-Wise Linear Fit at FS

Once the sensitivity coefficients have been determined, a
system can then be built that provides an accurate output
function with pressure. The system shown in Figure 14
consists of a pressure transducer, a temperature
compensation and amplification stage, an A/D converter, a
microprocessor, and a display. The display block can be
replaced with a control function if required. Further details on
the temperature compensation and amplification block may
be obtained by consulting Application Note AN840. The A/D
converter simply transforms the voltage signal to an input
signal for the microprocessor, in which resides the look-up
table of the transfer function generated from the previously
determined sensitivity coefficients. The microprocessor can
then drive a display or control circuit using standard
techniques.

SUMMARY

While at first glance this technique appears to be fairly
complicated, it can be a very cost effective method of building
a high-accuracy, high-sensitivity pressure-monitoring system
for low-pressure ranges.

X-ducer D/A Converter Display

MC14447 HTVICGB(M H I . E 8@‘

Microprocessor

Temperature
Compensation
and Amplification

Figure 14. Linearization System Block Diagram
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Mounting Techniques, Lead Forming and
Testing of Motorola’s MPX Series Pressure Sensors

Prepared by: Randy Frank
Motorola Inc., Semiconductor Products Sector
Phoenix, Arizona

INTRODUCTION

Motorola’s MPX series pressure sensors are silicon
piezoresistive strain-gages offered in a chip-carrier package
(see Figure 1). The exclusive chip-carrier package was
developed to realize the advantages of high-speed,
automated assembly and testing. In addition to high volume
availability and low cost, the chip-carrier package offers users
a number of packaging options. This Application Note
describes several mounting techniques, offers lead forming
recpmmendations, and suggests means of testing the MPX DIFFERENTIAL
series of pressure sensors. PORT OPTION

CASE 352-02

Figure 1. MPX Pressure Sensor In Chip Carrier
Package Shown with Port Options

A Ty
BASIC ELEMENT GAGE PORT GAGE VACUUM PORT DUAL PORT AXIAL PORT

CASE 344-08/STYLE 1 CASE 350-03 CASE 350-04 CASE 352-02 CASE 371C-02
SUFFIXA/D SUFFIX AP/GP SUFFIX GVP SUFFIX DP SUFFIX ASX/GSX

@
&
&)
(/&-——

AXIAL VACUUM PORT ~ STOVEPIPE PORT STOVEPIPE VACUUM PORT BASICELEMENT ~ GAGE PORT  GAGE VACUUM PORT
CASE 371D-02 CASE 371-05 CASE 371-06 CASE 867-04 CASE 867B-03 CASE 867D-03
SUFFIX GVSX SUFFIX AS/GS SUFFIX GVS SUFFIX A/D SUFFIX AP/GP SUFFIX GVP

- -
&) &)
<) ) O &)
— > //z,\l! //f///?v,
STOVEPIPE VACUUM
DUAL PORT AXIALPORT ~ AXIAL VACUUMPORT  STOVEPIPE PORT PORT
CASE 867C-03 CASE 867F-02 CASE 867G-02 CASE 867E-02 CASE 867A-03
SUFFIX DP SUFFIX ASX/GSX SUFFIX GVSX SUFFIX AS/GS SUFFIX GVS

Figure 2. Chip Carrier and Available Ported Packages
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PORT ADAPTERS

Available Packages

Motorola’s chip-carrier package and available ports. for
attachment of 1/8” I.D. hose are made from a high
temperature thermoplastic that can withstand temperature
extremes from—50 to 150°C (see Figure 2). The port adapters
were designed for rivet or 5/32” screw attachment to panels,
printed circuit boards or chassis mounting.

Custom Port Adaptor Installation Techniques

The Motorola MPX silicon pressure sensor is available in a
basic chip carrier cell which is adaptable for attachment to
customer specific housings/ports (Case 344-08 for 4-pin
devices and Case 867-02 for 6-pin devices). The basic cell
has chamfered shoulders on both sides which will accept an
O-ring such as Parker Seal's silicone O-ring
(p/n#2-015-S-469-40). Refer to Figure 3 for the
recommended O-ring to sensor cell interface dimensions.

The sensor cell may also be glued directly to a custom
housing or port using many commercial grade epoxies or RTV
adhesives which adhere to grade Valox 420, 30% glass
reinforced polyester resin plastic or Union Carbide’s Udel®
polysulfone (MPX2040D only). Motorola recommends using
Thermoset EP530 epoxy or an equivalent. The epoxy should
be dispensed in a continuous bead around the cell-to-port
interface shoulder. Refer to Figure 4. Care must be taken to
avoid gaps or voids in the adhesive bead to help ensure that
acomplete seal is made when the cellis joined to the port. The
recommended cure conditions for Thermoset EP539 are 15
minutes at 150°C. After cure, a simple test for gross leaks
should be performed to ensure the integrity of the cell to port
bond. Submerging the device in water for 5 seconds with full
rated pressure applied to the port nozzle and checking for air
bubbles will provide a good indication.

114 047 0

2107

Figure 3. Examples of Motorola Sensors
in Custom Housings

TESTING MPX SERIES PRESSURE SENSORS

Pressure Connection

Testing of pressure sensing elements in the chip carrier
package can be performed easily by using a clamping fixture
which has an O-ring seal to attach to the beveled surface.
Figure 8 shows a diagram of the fixture that Motorola uses to
apply pressure or vacuum to unported elements.

When performing tests on packages with ports, a high
durometer tubing is necessary to minimize leaks, especially in
higher pressure range sensors. Removal of tubing must be
parallel to the port since large forces can be generated to the
pressure port which can break the nozzle if applied at an
angle. Whether sensors are tested with or without ports, care
must be exercised so that force is not applied to the back metal
cap or offset errors can result.

Standard Port Attach Connection

Motorola also offers standard port options designed to
accept readily available silicone, vinyl, nylon or polyethylene
tubing for the pressure connection. The inside dimension of
the tubing selected should provide a snug fit over the port
nozzle. Dimensions of the ports may be found in the case
outline drawings found in section six. Installation and removal
of tubing from the port nozzle must be parallel to the nozzle to
avoid undue stress which may break the nozzle from the port
base. Whether sensors are used with Motorola’s standard
ports or customer specific housings, care must be taken to
ensure that force is uniformly distributed to the package or
offset errors may be induced.

ADHESIVE BEAD

s RS

Figure 4. Port Adapter Dimensions
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Figure 5. Port Adapter Dimensions

L
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T
SEATING
Sl PLANE
F
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TES: STYLE 1:
1. DIMENSIONING AND TOLERANCING PER ANSI PIN 1. GROUND
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH, 2. +0UTPUT
3. 344-01 THRU -04 OBSOLETE. 3. + SUPPLY
4. 344-05 THRU -07 OBSOLETE, NEW STANDARD 4. - OUTPUT
344-08,
MILLIMETERS INCHES
DM [ miN [ mAX | mIN | MAX
A_[ 1499 | 1562 | 0590 | 0.615
1283 | 15, 505 | 0525
495 | 5. 195 | 0.025
041 . .016 | 0.020
122 | 1. 048 | 0.052
G 2.54BS 100 BSC
0.36 40| 0.014 [ 0,016
17.40 .16 | 0.685 | 0.715
30°NOI 30°NOM
12.19 .70 | 0.480 | 0.500
10.67 | 11.43 | 0.420 | 0.450
CASE 344-08

All seals to be made on pressure sealing surface.

TOP CLAMP AREA
i
|

|
BOTTOM CLAMP AREA j

Leads should be securely clamped top
and bottom in the area between the
plastic body and the form being sure
that no stress is being put on plastic
body. The area between dotted lines
represents surfaces to be clamped.

Figure 6. Chip-Carrier Package

Figure 7. Leadforming

Application Notes

5-22 Pressure Sensor Device Data



AN936

Electrical Connection

The MPX series pressure sensor is designed to be installed
on a printed circuit board (standard 0.100” lead spacing) or to
accept an appropriate connector if installed on a baseplate.
The leads of the sensor may be formed at right angles for
assembly to the circuit board, but one must ensure that proper
leadform techniques and tools are employed. Hand or
“needlenose” pliers should never be used for leadforming
unless they are specifically designed for that purpose.
Industrial leadform tooling is available from various
companies including Janesville Tool & Manufacturing
(608-868-4925). Refer to Figure 7 for the recommended

leadform technique. Itis alsoimportantthatonce the leads are
formed, they should not be straightened and reformed without
expecting reduced durability. The recommended connector
for off-circuit board applications may be supplied by JST Corp.
(1-800-292-4243) in Mount Prospect, IL. The part numbers for
the housing and pins are listed below.

CONCLUSION

Motorola’s MPX series pressure sensors in the chip carrier
package provide the design engineer several packaging
alternatives. They can easily: be tested with or without
pressure ports using the information provided.

CONNECTORS FOR CHIP CARRIER PACKAGES

MFG./ADDRESS/PHONE

J.S. Terminal Corp.
1200 Business Center Dr.
Mount Prospect, IL 60056
(800) 292-4243

Methode Electronics, Inc.
Rolling Meadows, IL 60008
(312) 392-3500

CONNECTOR

4 Pin Housing: SMP-04V-BC
6 Pin Housing: SMP-06V-BC

1300-004

Requires hand crimper

PIN

SHF-001T-0.8SS
SHF-01T-0.8SS

Hand crimper YC-12 recommended

1400-213
1402-213
1402-214 Reel

TERMINAL BLOCKS

Molex 22-18-2043
2222 Wellington Court 22-16-2041
Lisle, IL 60532

(312) 969-4550

Samtec

P.O. Box 1147

New Albany, IN 47150
(812) 944-6733

SSW-104-02-G-S-RA
SSW-104-02-G-S
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Figure 8. O-Ring Test Fixture
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Simple Design for a 4-20 mA Transmitter
Interface Using a Motorola Pressure Sensor

Prepared by: Jean Claude Hamelain
Motorola Toulouse Application Lab Manager

INTRODUCTION

Pressure is a very important parameter in most industrial
applications such as air conditioning, liquid level sensing and
flow control.

In most cases, the sensor is located close to the measured
source in a very noisy environment, far away from the receiver
(recorder, computer, automatic controller, etc.)

The transmission line can be as long as a few hundred
meters and is subject to electromagnetic noise when the
signal is transmitted as voltage. If the signal is transmitted as
acurrent it is easier to recover at the receiving end and is less
affected by the length of the transmission line.

The purpose of this note is to describe a simple circuit which
can achieve high performance, using standard Motorola
pressure sensors, operational amplifiers and discrete
devices.

PERFORMANCES

The following performances have been achieved using an
MPX2100DP Motorola pressure sensor and an MC33079
quad operational amplifier. The MPX2100DP is a 100 kPa
temperature compensated differential pressure sensor. The
load is a 150 ohm resistor at the end of a 50 meter telephone
line. The 15 volt power supply is connected at the receiver
enu.

Power Supply +15 Vdc, 30 mA

Connecting Line 3 wire telephone cable

Load Resistance 150 to 400 Ohms

Temperature Range —-40 to +85°C (up to +125°C

with special hardware)

Pressure Range 0 to 100 kPa

Total Maximum Error Better than 2% full scale

Basic Circuit

The Motorola MPX2100DP pressure sensor is a very high
performance piezoresistive pressure sensor. Manufacturing
technologies include standard bipolar processing techniques
with state of the art metallization and on-chip laser trim for
offset and temperature compensation.

This unique design, coupled with computer laser trimming,
gives this device excellent performance at competitive cost for
demanding applications such as automotive, industrial or
medical.

MC33078, 79 operational amplifiers are specially designed
for very low input voltage, a high output voltage swing and very
good stability versus temperature changes.

First Stage

The Motorola MPX2100 and the operational amplifier are
directly powered by the 15 Vdc source. The first stage is a
simple true differential amplifier made with both of the
operational amplifiers in the MC33078. The potentiometer,
Rg, provides adjustment for the output.

This first stage is available as a pressure sensor kit, SEK-1
(refer to EB130/D). If using the kit, the resistors must be
changed according to the schematic below to provide a
full 4—20 mA output.

Current Generator

The voltage to current conversion is made with a unity gain
differential amplifier, one of the four operational amplifiers in
an MC33079. The two output connections from the first stage
are connected to the input of this amplifier through R3 and R5.
Good linearity is achieved by the matching between R3, R4,
R5 and R6, providing a good common mode rejection. Forthe
same reason, a good match between resistors R8 and R9 is
needed. '

The MC33078 or MC33079 has a limited current output,
therefore a 2N2222 general purpose transistor is connected
as the actual output current source to provide a 20 mA output.

To achieve good performance with a very long transmission
line it may be necessary to place some capacitors (C1, C2)
between the power suppiy and ouiput to prevent osciiiations.

Calibration

The circuit is electrically connected to the 15 Vdc power
supply and to the load resistor (receiver).

The high pressure is connected to the pressure port and the
low pressure (if using a differential pressure sensor), is
connected to the vacuum port.

It is important to perform the calibration with the actual
transmission line connected.

The circuit needs only two adjustments to achieve the
4-20 mA output current.

1. With no pressure (zero differential pressure), adjust Roff
to read exactly 4 mA on the receiver.

2. Under the full scale pressure, adjust Rg to exactly read
20 mA on the receiver. The calibration is now complete.

The output is ratiometric to the power supply voltage. For
example, if the receiver reads 18 mA at 80 kPaand 15 V power
supply, the receiver should read 16.8 mA under the same
pressure with 14 V power supply.

For best results it is mandatory to use a regulated power
supply. If that is not possible, the circuit must be modified by
inserting a 12 V regulator to provide a constant supply to the
pressure sensor.
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Vg = +15 Volts de

Remote
Receiver

Basic Circuit of SEK-1

(See EB130)

Rg =47 K Pot. R7=1K

Roff =1 M Pot. R10=110K
*R1=R2=330K RI1=1M
*R3=R4=27K R12=330K
*R5=R6=27K C1=C2= 0.1 UF

*R8 =R9 =150 ail, a2, a3 = 1/4 MC33079
* All resistor pairs must be matched at better than 0.5%

Additional Circuit for 4 to 20 mA current loop
(Receiver Load Resistance : R|_ = 150 to 400 Ohms)

Note A: If using SEK-1 a1, a2, a3 = 1/2 MC33078

Rg from 20 K to 47 K
R1 and R2 from 1M to 330 K

NOTICE: THE PRESSURE SENSOR OUTPUT IS RATIOMETRIC TO THE POWER SUPPLY
VOLTAGE. THE OUTPUT WILL CHANGE WITH THE SAME RATIO AS VOLTAGE CHANGE.

Figure 1. Demo Kit with 4-20 mA Current Loop

When using a Motorola MC78L12AC voltage regulator the
circuit can be used with power voltage variation form 14 to
30 volts.

The following results have been achieved using an
MPX2100DP and two MC33078s. The resistors were regular
carbon resistors, but pairs were matched at +0.3% and
capacitors were 0.1 pF. The load was 150 ohms and the
transmission line was a two pair telephone line with the

+15 Vdc power supply connected on the remote receiver side.
Note: Best performances in temperature can be achieved
using metal film resistors. The two potentiometers must be
chosen for high temperatures up to 125°C.
The complete circuit with pressure sensor is available under
reference TZA120 and can be ordered as a regular Motorola
product for evaluation.
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Reference algorithm is the straight from output at 25° 0 pressure and output at full pressure

Figure 3. Absolute Error Reference to Algorithm
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Calibration-Free Pressure Sensor System

Prepared by: Michel Burri, Senior System Engineer
Geneva, Switzerland

INTRODUCTION

The MPX2000 series pressure transducers are
semiconductor devices which give an electrical output signal
proportional to the applied pressure. The sensors are a single
monolithic silicon diaphragm with strain gauge and thin-film
resistor networks on the chip. Each chip is laser trimmed for
full scale output, offset, and temperature compensation.

The purpose of this document is to describe another method
of measurement which should facilitate the life of the designer.
The MPX2000 series sensors are available both as unported
elements and as ported assemblies suitable for pressure,
vacuum and differential pressure measurements in the range
of 10 kPa through 200 kPa.

The use of the on-chip A/D converter of Motorola’s
MC68HC05B6 HCMOS MCU makes possible the design of
an accurate and reliable pressure measurement system.

SYSTEM ANALYSIS

The measurement system is made up of the pressure
sensor, the amplifiers, and the MCU. Each element in the
chain has its own device-to-device variations and temperature
effects which should be analyzed separately. Forinstance, the
8-bit A/D converter has a quantization error of about £0.2%.
This error should be subtracted from the maximum error
specified for the system to find the available error for the rest
of elements in the chain. The MPX2000 series pressure
sensors are designed to provide an output sensitivity of 4.0
mV/V excitation voltage with full-scale pressure applied or 20
mV at the excitation voltage of 5.0 Vdc.

An interesting property must be considered to define the
configuration of the system: the ratiometric function of both the
A/D converter and the pressure sensor device. The
ratiometric function of these elements makes all voltage
variations from the power supply rejected by the system. With
this advantage, it is possible to design a chain of amplification
where the signal is conditioned in a different way.

+VsO PIN3

Rs1

PIN2
+
Rin
Vout
O -
PIN 4
(AN,
Il THERMISTOR Rs2
XX LASER PIN1
TRIMMED
ON-CHIP
= GND
Figure 1. Seven Laser-Trimmed Resistors and Two

Thermistors Calibrate the Sensor for Offset, Span,
Symmetry and Temperature Compensation

The op amp configuration should have a good
common-mode rejection ratio to cancel the DC component
voltage of the pressure sensor element which is about half the
excitation voltage value Vs. Also, the op amp configuration is
important when the designer’s objective is to minimize the
calibration procedures which cost time and money and often
don’t allow the unit-to-unit replacement of devices or modules.

One other aspect is that most of the applications are not
affected by inaccuracy in the region 0 kPa thru 40 kPa.
Therefore, the goal is to obtain an acceptable tolerance of the
system from 40 kPa through 100 kPa, thus minimizing the
inherent offset voltage of the pressure sensor.
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PRESSURE SENSOR CHARACTERISTICS

Figure 2 shows the differential output voltage of the
MPX2100 series at +25°C. The dispersion of the output
voltage determines the best tolerance that the system may
achieve without undertaking a calibration procedure, if any
other elements or parameters in the chain do not introduce
additional errors.

Vout (MV)
A
20 | /-— -
Vg =5 Vde /
— Ta=25°C 7//

" 7/ / FULL-SCALE

5 r/

OFFSET

OZ _# -

-5 > P
0 2 40 60 80 100  (Pa)

Figure 2. Spread of the Output Voltage versus the
Applied Pressure at 25°C

The effects of temperature on the full scale output and offset
are shown in Figure 3. It is interesting to notice that the offset
variation is greater than the full scale output and both have a
positive temperature coefficient respectively of +8.0
uV/degree and +5.0 uV excitation voltage. That means that
the full scale variation may be compensated by modifying the
gain somewhere in the chain amplifier by components
arranged to produce a negative Tc of 250 PPM/°C. The dark
area of Figure 3 shows the trend of the compensation which
improves the full scale value over the temperature range. In
the area of 40 kPa, the compensation acts in the ratio of
40/100 of the value of the offset temperature coefficient.

Vout () AT

POSITIVE
FULL SCALE
VARIATION
OFFSET VARIATION
L 1 | » P
0 20 40 60 8o 100 (kPa)

Figure 3. Output Voltage versus Temperature. The
Dark Area shows the Trend of the Compensation

OP AMP CHARACTERISTICS

For systems with only one power supply, the instrument
amplifier configuration shown in Figure 4 is a good solution to
monitor the output of a resistive transducer bridge.

The instrument amplifier does provide an excellent CMRR
and a symmetrical buffered high input impedance at both
non-inverting and inverting terminals. It minimizes the number
of the external passive components used to set the gain of the
amplifier. Also, it is easy to compensate the temperature
variation of the Full Scale Output of the Pressure Sensor by
implementing resistors “Rf” having a negative coefficient
temperature of —250 PPM/°C.

The differential-mode voltage gain of the instrument
amplifier is:

V1i-V2
Avd = m = (1 (1)

2Rf)
=L
Ry

+Vg
—V1
3
4
— \2
ov

Figure 4. One Power Supply to Excite the Bridge
and to Develop a Differential Output Voltage

The major source of errors introduced by the op amp is
offset voltages which may be positive or negative, and the
input bias current which develops a drop voltage AV through
the feedback resistance Ri. When the op amp input is
composed of PNP transistors, the whole characteristic of the
transfer function is shifted below the DC component voltage
value set by the Pressure Sensor as shown in Figure 5.

The gain of the instrument amplifier is calculated carefully
to avoid a saturation of the output voltage, and to provide the
maximum of differential output voltage available for the A/D
Converter. The maximum output swing voltage of the
amplifiers is also dependent on the bias current which creates
a AV voltage on the feedback resistance Rf and on the Full
Scale output voltage of the pressure sensor.
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Figure 5. Instrument Amplifier Transfer Function with
Spread of the Device to Device Offset Variation

Figure 5 shows the transfer function of different instrument
amplifiers used in the same application. The same sort of
random errors are generated by crossing the inputs of the
instrument amplifier. The spread of the differential output
voltage (V1-V2) and (V2x-V1x) is due to the unsigned voltage
offset and its absolute value. Figures 6 and 7 show the
unit-to-unit variations of both the offset and the bias current of
the dual op amp MC33078.

Vio (mV)
A
+2 T
UNIT1 |
+1
L — UNIT 2
0 I—=
——— UNIT 3
-1 ]
2 > J
-50 -25 0 25 50 75 100 125 (°C)

Figure 6. Input Offset Voltage versus Temperature

To realize such a system, the designer must provide a
calibration procedure which is very time consuming. Some
extra potentiometers must be implemented for setting both the
offset and the Full Scale Output with a complex temperature
compensation network circuit.

The new proposed solution will reduce or eliminate any
calibration procedure.

lip (nA)

A

600

450 UNIT 1 == >
L1 — UNIT2

300

150

0 > T
50 25 0 25 5 75 100 125 (0

Figure 7. Input Bias Current versus Temperature
MCU CONTRIBUTION
As shown in Figure 5, crossing the instrument amplifier

inputs generated their mutual differences which can be
computed by the MCU.

»— +Vg
>
) Vi
3 2 _
I D Rg i
4 1 -
) "
P
ov

Figure 8. Crossing of the Instrument Amplifier
Input Using a Port of the MCU

Figure 8 shows the analog switches on the front of the
instrument amplifier and the total symmetry of the chain. The
residual resistance Rpg(on) ofthe switches does notintroduce
errors due to the high input impedance of the instrument
amplifier.

With the aid of two analog switch, the MCU successively
converts the output signals V1, V2.

Four conversions are necessary to compute the final result.
First, two conversions of V1 and V2 are executed and stored
in the registers R1, R2. Then, the analog switches are
commuted in the opposite position and the two last
conversions of V2x and V1x are executed and stored in the
registers R2x and R1x. Then, the MCU computes the following
equation:

RESULT = (R1-R2) + (R2x-R1x) @
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The result is twice a differential conversion. As
demonstrated below, all errors from the instrument amplifier
are cancelled. Other averaging techniques may be used to

improve the result, but the appropriated algorithm is always
determined by the maximum bandwidth of the input signal and
the required accuracy of the system.

MC74HC4053
MPX2100AP 777777
3 2
PRESSURE
SENSOR
SYSTEM
4 1

+5V
MC3078 [ L
< ‘ VRH VbD
Vi
CH1
R¢ /0
R MC68HC05B6
9 P
—
Rf
CH2
V2
VRL Vsg

ov

Figure 9. Two Channel Input and One Output Port are Used by the MCU

SYSTEM CALCULATION

Sensor out 4
Vs4 =b (P) + of4

Sensor out 2
Vs2 = a (P) + of2

Amplifier out 2
V2 = Avd (Vs4 + OF2)

Amplifier out 1
V1 = Avd (Vs2 + OF1)

Inverting of the amplifier input
Vix=Avd (Vs4 + OF1)  V2x =Avd (Vs2 + OF2)

Delta = V1-V2 1st differential result
=Avd * (Vs2 of OF1) — Avd * (Vs4 + OF2)

Deltax = V2x-V1x 2nd differential result
=Avd * (Vs2 + OF2) — Vdc * (Vs4 + OF1)

Adding of the two differential results

VoutV = Delta + Deltax
= Avd*Vs2 + Avd*OF2 + Avd*OF2 — Avd*OF1
+ Avd*OF1 — Avd*OF2 + Avd*OF2 — Avd*OF1
=2*Avd * (Vs2 —Vs4)
=2*Avd * [(a (P) + of2) — (b (P) + of4)]
=2* Avd * [V(P) + Voffset]

There is a full cancellation of the amplifier offset OF1 and
OF2. The addition of the two differential results V1-V2 and
V2x-V1X produce a virtual output voltage VoutV which
becomes the applied input voltage to the A/D converter. The
result of the conversion is expressed in the number of counts
or bits by the ratiometric formula shows below:

255
VRH-VRL

255 is the maximum number of counts provided by the A/D
converter and VRH-VRL is the reference voltage of the
ratiometric A/D converter which is commonly tied to the 5.0 V
supply voltage of the MCU.

When the tolerance of the full scale pressure has to be in the
range of + 2.5%, the offset of the pressure sensor may be

count = VoutV

neglected. That means the system does not require any
calibration procedure.
The equation of the system transfer is then:
count =2 * Avd * V(P) * 51/V where:
Avd is the differential-mode gain of the instrument amplifier

which is calculated using the equation (1). Then with Rf =510
kQ and Rg=9.1kQ Avd = 113.

The maximum counts available in the MCU register at the
Full Scale Pressure is:
count (Full Scale) =2 * 113 * 0.02 V * 51/V = 230

knowing that the MPX2100AP pressure sensor provides 20
mV at 5.0 excitation voltage and 100 kPa full scale pressure.

The system resolution is 100 kPa/230 that give 0.43 kPa per
count.

T +5V
Vbp
FINE |l
AL VRH
(0]
CH1
B o MC68HC05B6
CH2
VRL Vs

N

Figure 10. Full Scale Output Calibration Using the
Reference Voltage VRH-VRL
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When the tolerance of the system has to be in the range of
+1%, the designer should provide only one calibration

procedure which sets the Full Scale Output (counts) at 25°C
100 kPa or under the local atmospheric pressure conditions.
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!
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ov

Figure 11. One Channel Input and Two Output Ports are used by the MCU

Due to the high impedance input of the A/D converter of the
MC68HC05B6 MCU, another configuration may be
implemented which uses only one channel input as shown in
Figure 11. Itis interesting to notice that practically any dual op
amp may be used to do the job but a global consideration must
be made to optimize the total cost of the system according the
the requested specification.

When the Full Scale Pressure has to be sent with accuracy,
the calibration procedure may be executed in different ways.
For instance, the module may be calibrated directly using
Up/Down push buttons.

The gain of the chain is set by changing the VRH voltage of
the ratiometric A/D converter with the R/2R ladder network
circuit which is directly drived by the ports of the MCU. (See
Figure 12.)

Using a communication bus, the calibration procedure may
be executed from a host computer. In both cases, the setting
value is stored in the EEROM of the MCU.

The gain may be also set using a potentiometer in place of
the resistor R¢. But, this component is expensive, taking into
account that it must be stable over the temperature range at
long term.
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Figure 12.
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Table 1. Pressure Conversion Table

Unity Pa mbar Torr

atm at=kp/cm?2 mws psi

1 N/m2 = 1 Pascal 1 0.01 751073

1 mbar 100 1 0.75

0.0102 0.014

1 Torr = 1 mmHg 133.32 1.333 A

0.019

1 atm (1) 101325 1013.2 760

1 1.033 10.33 14.69

tat=1kp/cm2 (2) | 98066.5 981 735.6

0.97 1 10 14.22

1 m of water 9806.65 98.1 73.56

0.097 0.1 1 1.422

1 Ib/sqin = 1 psi 6894.8 68.95 51.71

0.068

(1) Normal atmosphere (2) Technical atmosphere
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Analog to Digital Converter Resolution
Extension Using A Motorola Pressure Sensor

PURPOSE

This paper describes a simple method to gain more than
8-bits of resolution with an 8-bit A/D. The electronic design is
relatively simple and uses standard components.

PRINCIPLE

Consider a requirement to measure pressure up to
200 kPa. Using a pressure sensor and an amplifier, this
pressure can be converted to an analog voltage output. This
analog voltage can then be converted to a digital value and
used by the microprocessor as shown in Figure 1.

If we assume for this circuit that 200 kPa resultsina +4.5 V
output, the sensitivity of our system is:

S = 4.5V/200kPa )
0.0225 V/kPa

or S = 22.5mV/kPa

If an 8-bit A/D is used with 0 and 5 Volt low and high
references, respectively, then the resolution would be:

Ry = 5V /(28 — 1) =5V/255 2
= 0.01961V
or Ry = 19.60 mV per bit

This corresponds to a pressure resolution of:

Rp = (19.60 mV/bit) / (22.5 mV/kPa) (3)

0.871 kPa per bit

Assume a resolution of at least 0.1 kPa/bit is needed. This

+V

Vm

would require an A/D with at least 12 bits (212 = 4096 steps).
One can artificially increase the A/D resolution as described
below.
Refer to Figure 1 and assume a pressure of 124 kPa is to
be measured. With this system, the input signal to the A/D
should read (assuming no offset voltage error):

(Papp) x (S) (4)
(124 kPa) x (22.5 mV/kPa)
2790 mV,

Vm (measured)

where Papp is the pressure applied to the sensor.
Due to the resolution of the A/D, the microprocessor
receives the following conversion:

M = (2790 mV) / (19.60 mV/bit) (5)
142.35
142 (truncated to integer)

nonon

The calculated voltage for this stored value is:

V¢ (calculated) = (142 counts) x (19.60mV/ (6)
count)
= 2783 mV

The microprocessor will output the stored value M to the
D/A. The corresponding voltage at the analog output of the
D/A, for an 8-bit D/A with same references, will be 2783 mV.

The calculated pressure corresponding to this voltage
would be:

(2783 mV) / (22.5 mV/kPa) @

Pc (calculated) =
= 128.7 kPa
Thus, the error would be:

E = Papp—-Pc (8)
= 124 kPa—123.7 kPa
= 0.3kPa

This is greater than the 0.1 kPa resolution requirement.

OUTPUT

MPU CIRCUITRY

Figure 1. Block Diagram
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Figure 2. Expanded Block Diagram
Figure 2 shows the block diagram of a system that can be with the following equations:
used to reduce the inaccuracies caused by the limited A/D
resolution. The microprocessor would use the stored value M, Expanded Voltage = Vc + ((C xR ) / G) (11)
as described above, to cause a D/A to output the =2783 + ((3x19.60) / 10)
corresponding voltage, Vc. Vc is subtracted from the =2789 mV . )
measured voltage, Vm, using a differential amplifier, and the NOTE: R is resolution of 8-bit D/A
resulting voltage is amplified. Assuming a gain, G, of 10 for the .
amplifier, the output would be: Corresponding Pressure = 2789 mV / (12)
(22.5 mV/kPa)
D =(Vm-Vc)xG (©) =123.9 kPa
= (2790 mV - 2783 mV) x 10
=70 mV Thus the error is:

The microprocessor will receive the following count from the
A/D:

C =70 mV/(19.60 mV/count) (10)
=36
= 3 full counts

The microprocessor then computes the actual pressure

+V

Pressure Error = Actual — Measured (13)
=124 kPa — 123.9 kPa
=0.1kPa

Figures 3 and 4 together provide a more detailed
description of the analog portion of this system.

Note: R7 = Rg, R{ = Rg

Rg
M- +
A2 > Vm (to Second Stage)
Rg
Rio

Figure 3. First Stage - Differential Amplifier, Offset Adjust and Gain Adjust
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Figure 4. Second Stage — Difference Amplifier and Gain

FIRST STAGE (Figure 3)

The first stage consists of the Motorola pressure sensor; in
this case the MPX2200 is used. This sensor typically gives a
full scale span output of 40 mV at 200 kPa. The sensor output
(Vg) is connected to the inputs of amplifier A1 (1/4 of the
Motorola MC33079, a Quad Operational Amplifier). The gain,
G1, of this amplifier is R7/R6. The sensor has a typical zero
pressure offset voltage of 1 mV. Figure 3 shows offset
compensation circuitry if it is needed. A1 output is fed to the
non-inverting input of A2 amplifier (1/4 of a Motorola
MC33079) whose gain, G2, is 1+R10/Rg. G2 should be set to
yield 4.5 volts out with full-rated pressure.

THE SECOND STAGE (Figure 4)

The ot Hmnffr om A G2x

non-inverting input of al p|f|er A3 (1/4 of a Motorola
MC33079) and to the A/D where its corresponding (digital)
value is stored by the microprocessor. The output of A3 is the
amplified difference between Vm, and the digitized/calculated
voltage Vc. Amplifier A4 (1/4 of a Motorola MC33079)
provides additional gain for an amplified difference output for
the desired resolution. This difference output, D, is given by:

= (Vm-V¢) x G3

GS = (R14/R13) (1 +81 )

where G3 is the gain associated with amplifiers A3 and A4.

The theoretical resolution is limited only by the accuracy of
the programmable power supply. The Motorola
microprocessor used has an integrated A/D. The accuracy of
this A/D is directly related to the reference voltage source
stability, which can be self-calibrated by the microprocessor.
Vexpanded is the system output that is the sum of the voltage
due to the count and the voltage due to the difference between
the count voltage and the measured voltage. This is given by
the following relation:

Vexpanded = V¢ +D/G3

therefore, Pexpanded = Vexpanded/S.

Pexpanded is the value of pressure (in units of kPa) that
results from this improved-resolution system. This value can
be output to a dispiay or used for further processing in a controi
system.

CONCLUSION

This circuit provides an easy way to have high resolution
using inexpensive microprocessors and converters.
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A Digital Pressure Gauge Using the Motoroia
MPX700 Series Differential Pressure Sensor

Prepared by: Anthony J. Caristi
INTRODUCTION

This application note describes a solid state digital pressure
gauge which is composed of the Motorola MPX series
transducer, instrumentation amplifier, A/D converter, and LCD
readout. Differential, gauge, and vacuum pressure readings
from 0 to 100 PSI with resolution of 1 PSI are possible using
the MPX700 sensor. The circuit is also capable of measuring
and displaying pressures as low as 1 PSI full scale, and
resolution as fine as of 0.01 PSI, by using a more sensitive
MPX series pressure transducer and full display capability of
the A/D converter.

The Motorola MPX series of pressure transducers is a
family of piezoresistive transducers which exhibits a very
linear and accurate output voltage relationship that is directly
proportional to the applied pressure. The sensor consists of
an etched silicon diaphragm upon which a single
piezoresistive element is implanted. The resistor senses the
stress placed upon the silicon diaphragm by external
pressure, and produces a linear output voltage which is
proportional to the applied pressure. The output
voltage/pressure relationship is ratiometric with the supply
voltage feeding the sensor.

ETCHED DIAPHRAGM
BOUNDARY

TRANSVERSE VOLTAGE
STRAIN GAUGE

e

i—{] [

2 Hs ] |4!
- -) DIFFERENTIAL
SUPPLY OUTPUT
VOLTAGE +) VOLTAGE

;I_——fwv———
R TEMP COMP

Figure 1. Sensor Construction Showing
Electrical Connections

The pressure sensor is available as a differential gauge
device in a pressure side ported, vacuum side ported, or
differential configuration. The following describes an

application using the MPX700DP differential sensor to
measure and display gauge pressure, vacuum (negative
pressure), or differential pressure.

BASIC STRUCTURE

Figure 1 illustrates the top view of the pressure sensor
silicon chip, showing the strain-gauge resistor diagonally
placed on the edge of the diaphragm. Voltage is applied
across pins 1 and 3, while the taps that sense the voltage
differential transversely across the pressure sensitive resistor
are connected to terminals 2 and 4. An external series resistor
is used to provide temperature compensation while reducing
the voltage impressed upon the sensor to within its rated
value.

OPERATION

Recommended voltage drive is 3 Vdc, and should not
exceed 6 volts under any operating condition. The differential
voltage output of the sensor, appearing between terminals 2
and 4, will be positive when the pressure applied to the
“pressure” side of the sensor is greater than the pressure
applied to the “vacuum” side. Nominal full scale span of the
transducer is 60 millivolts when driven by a 3 volt constant
voltage source.

When zero pressure is applied to the sensor there will be
some output voltage, called zero pressure offset. For the
MPX700 sensor this voltage is guaranteed to be within the
range of zero to 35 millivolts. The zero pressure offset output
voltage is easily nulled out by a suitable instrumentation
amplifier. The output voltage of the sensor will vary in a linear
manner with applied pressure. Figure 2 illustrates output
voltage versus pressure differential applied to the sensor,
when driven by a 3 volt source.

TEMPERATURE COMPENSATION

As illustrated in Figure 2, the output voltage of the sensor
will be affected by the temperature of the device. Temperature
compensation may easily be accomplished by one of several
methods. A full discussion of these methods is covered in
Motorola application note AN840.

The simplest method of temperature compensation, placing
a resistance (R19 and R20) in series with the sensor driving
voltage, is utilized in the schematic diagram illustrated in
Figure 3. This provides good results over a temperature
span of 0 to 80°C, yielding a 0.5% full scale span
compensated device. Since the desired bridge driving voltage
is about 3 volts, placing the temperature compensating
resistor in series with the bridge circuit has the additional
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Figure 2. Output versus Pressure Differential

advantage of reducing the power supply voltage, 15 volts, to
the desired 3 volt level.

Note that the 15 volt power source must be held to within a
tight tolerance, since the output voltage of the transducer is
ratiometric with the the supply voltage. In most applications
an ordinary fixed 15 volt regulator chip can be used to provide
the required stable supply voltage.

The series method of compensation requires a series
resistor which is equal to 3.577 times the bridge input
resistance at 25 degrees Celsius. The range of transducer

resistance is between 400 and 550 ohms, so the
compensating network will be 1431 to 1967 ohms. If a
temperature compensated span of greater than plus or minus
0.5% is satisfactory or the operating temperature range of the
circuit is less than 80 degrees Celsius, one value of
compensating resistance can be used for any sensor
resistance over the range of 400 and 550 ohms.

In the circuit of Figure 3 the temperature compensating
network is composed of two resistors to allow the quiescent
voltage of the sensor at pins 2 and 4 to be near the center level
(2.5 volts) of the analog and digital circuit that follows.

SENSOR AMPLIFIER

An amplifier is used to convert the low level differential
output of the transducer, 60 millivolts at 100 PSI, to a useful
level that can drive subsequent circuitry. Additionally, the
amplifier must provide means to null out the DC offset output
voltage of the transducer when zero pressure is applied. The
circuit illustrated in Figure 3 uses three sections of a common
op-amp chip, LM324N, for this purpose. The high input
impedance of operational amplifiers IC1A and IC1B ensures
that the circuit does not load the basic transducer.

The gain of the instrumentation amplifier is adjusted by
means of potentiometer R6 to allow full scale calibration at 100
PSI applied pressure. Using the circuit constants indicated in
Figure 3, the gain of the amplifier can be expressed as

IC3 MC78L05 R1 R2 R3 R4
514 100k 10k 100k
15V < 13 IN > \—o
y I o o T 1 o
GND =7 1ouF T T T T otuF — DISP 1
L L = = 4 R5 5 LTD202R-12 I
FULL SCALE 00k |40
b-AMH 39
3 {38 '
) C4
100pF | oy |
01 | 2 I %
3
o
v 31 Ic2 |5
1 cs =
T o0t
*—! 30 ¢ 12
1 32
= c7
PRESSURE Wy
SENSOR MPX700DP  R13 29
R18 9
Ri4 0 1 10
412k ) o7
0 -b o "
7
£~1c1 1c1 022 2% 2
tg2en | LM324N T
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Figure 3. Schematic Diagram of Digital Pressure Gauge
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A =2(1 + 100K/R)

where A = circuit gain

R = the total resistance composed of R6 plus R7

100K = the circuit value represented by R8, R9, R10 and

R12.

As can be seen by the gain equation, the minimum value of
gain is 2 when R is infinite. The amplifier is capable of
providing a gain of 100 or more by adjustment of R6, and R7,
but in this application the required gain is within the range of
about 2.6 to 5.3 to accommodate the tolerance of the full scale
span of the sensor.

A voltage divider composed of R15, R16, and R17 provides
an adjustable voltage which is fed to the inverting input of
IC1B. This voltage, attenuated by the gain of less than 1 of
IC1B, is fed to the analog to digital converter chip to negate the
effect of the offset voltage produced by the sensor and allows
the display of the circuit to read 00 when no pressure is
applied. The differential output of the instrumentation amplifier
appears between pins 7 and 8 of IC1. Thisis fed to the analog
to digital converter, IC2, to provide a digital readout of the
pressure difference impressed upon the transducer.

A/D CONVERTER

The circuit employs a high performance 3 1/2 digit A/D
converter chip (IC2) which contains all the necessary active
devices to convert the differential analog output voltage of the
instrumentation amplifier to digital form. A pair of LCD digits
is directly driven without multiplexing.

Included in IC2 are seven segment decoders, display
drivers, backplane frequency generator, reference, and clock.
The chip is capable of driving a 3 1/2 digit LCD
non-multiplexed display. In this application the least and most
significant digits are not used, but if greater range and/or
resolution is desired the unused output terminals of the chip
can be wired to drive 1 1/2 additional digits.

Full scale output of IC2 (2000 counts) is attained when the
analog differential input voltage fed to pins 30 and 31 is equal
to twice the reference voltage applied to pins 35 and 36, the

differential reference input terminals. In this application the
voltage divider composed of R2, R3, and R4, driven by the
on-board 5 volt regulator, provides an arbitrary reference
voltage of 238 millivolts. Since the maximum desired digital
display occurs at 1000 counts (half of A/D converter full scale
capability) for a display of 00 at 100 PSI, the maximum analog
input voltage to IC2 will be 238 millivolts. Thus, nominal
amplifier circuit gain must be 238/60, or about 4. The two least
significant digits of input pressures exceeding 100 PSI will be
displayed by the readout.

IC2 responds to both positive and negative analog input
voltages, and generates a polarity bit at pin 20. If desired, the
circuit can be used to measure both positive and negative
differential pressures, with the polarity output bit at pin 20 used
to activate a minus sign indicator for negative pressures.

The circuit of Figure 4 employs only two digits of the
possible 3 1/2 digit capability of IC2. By substituting a 3 1/2
digit LCD display, the resolution of the pressure reading is
increased by a factor of ten. Additionally, any input pressure
of 100 PS| or greater will result in the most significant digit, “1”,
being displayed. Figure 4 illustrates the connections between
the A/D converter and the optional 3 1/2 digit LCD display.

CIRCUIT ASSEMBLY

The terminals of the pressure sensor should be carefully
formed to allow insertion into the PC board. Observe the
location of pin 1 of the sensor, which is identified by a small
notch. Use suitable hardware to mount the unit, being careful
notto over tighten the screws and damage the plastic housing.
To ensure circuit stability, use metal film resistors throughout
the amplifier circuit. The only exception to this are the
resistors associated with the A/D converter, R5, R11,and R18,
which can be ordinary carbon types.

It is recommended to use sockets for IC1 and IC2.

A small identifier notch is located on the front of the display
to identify the location of pin 1, similar to that of a DIP IC chip.
This component is constructed of glass and must be handled

carefully to avoid breakage.

30 25 21
1 1 1
l‘lf 2n1 | TNE 2| |2 2| |2 :
| [ [ I BACKPLANE
- = - ) 27 23
WEEIELE - SR
L] o . P |
Y % 0 1 8 [
3-1/2 DIGIT DISPLAY
PIN IDENTIFICATION
19 23172218 15 241612132514 9 10116678 2 34 2

IC2

Figure 4. IC2 Driving Optional 3-1/2 Digit LCD Display
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PRESSURE CONNECTIONS

For gauge pressure measurements, the port which is
closest to pin 4 of the sensor (identified as P1 in Figure 5) is
to be used, with the other port left open to the atmosphere. -For
vacuum measurements, use port P2, with the opposite port
open to the atmosphere.

When the unit is to be used for differential pressure
measurements, both ports are used. Positive pressure
readings will be obtained when the pressure applied to the
high pressure side, P1, is greater than that applied to the low
pressure side P2. Should the pressures be opposite the
display will still read the difference in pressure, and the A/D
converter will output a polarity bit at pin 20 of the chip.

Hoses should be attached to the sensor using a suitable
clamp. 100 PSl is a substantial pressure and any hose which
is not secured properly can suddenly disconnect.

CALIBRATION

Calibration of the circuit consists of adjustment of the zero
setand span adjust potentiometers, R16 and R6 respectively.
A pressure source of up to 100 PSI and accurate pressure
gauge is required. Figure 6 illustrates the test setup. Since the

HOSE

CLAMP \

Cp2

output voltage of the sensor is dependent upon the magnitude
of the power supply voltage, calibration of the circuit must be
performed with the circuit being driven by a regulated 15 volt
supply. Any variation in the supply voltage will cause a
proportional error in calibration. With the circuit operating and
no pressure applied to the sensor, adjust R16 for a display of
00. Note that the display will read upscale when R16 is set to
either side of zero.

Connect the sensor to the pressure source as indicated in
Figure 6. Use a reference pressure gauge of known accuracy,
and adjust the pressure to 100 PSI. The pressure sensor is
capable of withstanding pressures up to 300 PSI without
damage.

Adjust R6 for a display of 00, indicating 100 PSI. Since the
A/D converter is capable of displaying readings greater than
100, adjustment of R6 is easily set between a display of 99 and
01.

Remove the pressure from the sensor and recheck the
setting of the zero set potentiometer. Readjust if necessary for
a display of 00. Check the pressure display at 100 PSI. This
completes calibration of the circuit.

The digital pressure gauge may be checked over its range
by applying any pressure between 0 and 100 PSI| and
comparing the display to the reference gauge. Note that
pressures above 100 PSI will be indicated, but with reduced
accuracy.

P1

PC
BOARD
[ ACCURATE
[ PRESSURE GAUGE

HOSE
TEE

PRESSURE
SOURCE

Figure 5. Setup to Calibrate Circuit Against a Known Accurate Pressure Gauge
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Table 1. Parts List By Component Values and Part Numbers
Designators Quantity Description Rating Tolerance Manufact. Part Number
C1 1 25 volt electrolytic capacitor 10 puFd
C2, C3,C5 3 50 volt ceramic disc capacitor 0.1 pFd
C4 1 50 volt ceramic disc capacitor 100 pF
Cé 1 50 volt ceramic disc capacitor 0.01 pFd
c7 1 50 volt ceramic disc capacitor 0.47 pFd
C8 1 50 volt ceramic disc capacitor 0.22 pF
DISP 1 2 digit LCD readout Amperex LTD202R-12
(optional) DISP 1 3 1/2 digit LCD readout Amperex LTD221R-12
IC1 1 Quad operational amplifier Harris Teledyne |ICL7106CPL
IC2 A/D converter
IC3 1 100 mA fixed regulator 5 volt Motorola MC78L05
R1 1 1/4 watt metal film resistor 511 Q 1%
R2, R4, R8, R9, R10, R12 6 1/4 watt metal film resistor 100 K 1%
R3, R15, R17 3 1/4 watt metal film resistor 10K 1%
R7,R14 2 1/4 watt metal film resistor 412K 1%
R13 1 1/4 watt metal film resistor 1K 1%
R19 1 1/4 watt metal film resistor 1.5K 1%
R20 1 1/4 watt metal film resistor 200 Q %
R5 1 1/4 watt carbon resistor 100 K 5%
R11 1 1/4 watt carbon resistor 1 meg Q 5%
R18 1 1/4 watt carbon resistor 47K 5%
R6 1 0.3 watt cermet potentiometer, 500 K
PC mount
R16 1 0.3 watt cermet potentiometer, 100 K
PC mount
Sensor 1 0-100 psi, uncompensated Motorola MPX700DP
pressure sensor
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MOTOROLA

SEMICONDUCTOR I

APPLICATION NOTE

AN1302

Motorola Pressure Sensors — Recommended
Housing For Very Low Absolute Pressure

Measurements

Prepared by: Motorola Toulouse Pressure Sensor Laboratory

INTRODUCTION

This application note describes the problems of measuring
absolute pressure under 30 kPa and a description of a housing
to solve these problems.

PROBLEM

When measuring absolute pressure under 30 kPa, very
small leaks may introduce small offset and/or linearity errors.

CAUSE

Micro leaks are due to a very small gap between the metal
leadframe and the plastic molded housing which surrounds
the pressure sensor die.

When the sensor is measuring a very low pressure, the
ambient pressure may be large enough to force some bubbles

into the protective gel which may introduce stress on the
sensor die.

SOLUTION

One way to avoid the problem is to place the sensor element
in an external encapsulation. This can easily be achieved as
shown in Figures 1, 2 and 3. These figures show the use of
epoxy molding or equivalent compound in the solution of the
problem.

The hermeticity must be very well done at the interface with
the electrical connection to prevent any error; nevertheless if
the leak is small enough the error may be negligible. The
pressure around the sensor in this case is the same inside and
outside of its housing.

“ TRARAN
] 7 R
SENSOR DIE METAL CAP / \\
PROTECTIVE GEL _ MICRO-LEAKS PATH \/\‘ \
R >x” \,
e Rt \ \ /
Y ELECTRICAL TAB \ /
- N ~_ - 7
MOLDED HOUSING XYL
. . ENLARGED VIEW
Figure 1. Basic Element
LOW PRESSURE PORT —___
ELECTRICALTAB
GAP FOR PRESSURE BALANCE
~
}
OVER MOLDING HOUSING
(EPOXY OR EQUIVALENT) CRITICAL HERMETICITY POINT
INDENTS FOR
SUPPORT
Figure 2. Single Element Mounting
il
ELECTRICAL CONNECTIONS
2
3
& B N
L AY
OVER MOLDING HOUSING i \ "\
(EPOXY OR EQUIVALENT) G BOARD | CRITICAL HERMETICITY POINT
ELECTRONIC COMPONENTS

Figure 3. Complete Module Mounting
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APPLICATION NOTE

AN1303

A Simple 4-20 mA Pressure Transducer

Evaluation Board

Prepared by: Denise Williams
Discrete Applications Engineering

INTRODUCTION

The two wire 4—20 mA current loop is one of the most widely
utilized transmission signals for use with transducers in
industrial applications. A two wire transmitter allows signal
and power to be supplied on a single wire-pair. Because the
information is transmitted as current, the signal is relatively
immune to voltage drops from long runs and noise from
motors, relays, switches and industrial equipment. The use of
additional power sources is not desirable because the
usefulness of this system is greatest when a signal has to be
transmitted over a long distance with the sensor at a remote
location. Therefore, the 4 mA minimum current in the loop is
the maximum usable current to power the entire control
circuitry. An evaluation board designed to meet these
requirements is shown in Figure 1. A description of this
4-20 mA Pressure Transducer Evaluation Board, as well as

a summary of the information required to use it, are presented
here.

Figure 2 is a block diagram of a typical 4—20 mA current
loop system which illustrates a simple two chip solution to
converting pressure to a 4—20 mA signal. This system is
designed to be powered with a 24 Vdc supply. Pressure is
converted to a differential voltage by the Motorola MPX7100
pressure sensor. The voltage signal proportional to the
monitored pressure is then converted to the 4—20 mA current
signal with the Burr-Brown XTR101 Precision Two-Wire
Transmitter. The current signal can be monitored by a meter
in series with the supply or by measuring the voltage drop
across RL. A key advantage to this system is that circuit
performance is not affected by a long transmission line.

Figure 1. 4-20 mA Pressure Transducer Evaluation Board
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PRESSURE PRESSURE TRANSMITTER —
SOURCE SENSOR CIRCUITRY — 24VDC
—O-  TRANSMISSION
LINE
RL
4-20 mA PRESSURE TRANSDUCER CURRENT

METER

Figure 2. System Block Diagram

INPUT TERMINALS

A schematic of the 4-20 mA Pressure Transducer
Evaluation Board is shown in Figure 3. Connections to this
evaluation board are made at the terminals labeled (+) and ().
Because this system utilizes a current signal, the power
supply, the load and any current meter must be put in series
with the (+) to (~) terminals as indicated in the block diagram.

2mA
3 2
XDCR1
MPX7100 R3 4
0o 39 5
4 1
1N4565A T 6
6.4V @ 0.5mA - 3
50 ‘*
R2 R6
1K 100K

The load for this type of system is typically a few hundred
ohms. As described above, a typical use of a 4—20 mA current
transmission signal is the transfer of information over long
distances. Therefore, a long transmission line can be
connected between the (+) and (=) terminals on the evaluation
board and the power supply/load.

O+ 4-20mA OUTPUT

R1 «

D1

7

1,5(\),\, 1N4002
L ¢

Q= 01uF

MPSA06

o - RETURN

4-20 mA PRESSURE TRANSDUCER

Figure 3. Schematic Diagram

PRESSURE INPUT

The device supplied on this evaluation board is an
MPX7100DP, a high impedance (10 kQ typ) 15 PSI sensor
which provides two ports. P1, the positive pressure port, is on
top of the sensor and P2, the vacuum port, is on the bottom of
the sensor. The system can be supplied up to 15 PSI of

positive pressure to P1 or up to 15 PSI of vacuum to P2 or a
differential pressure up to 15 PSI between P1 and P2. Any of
these pressure applications will create the same results at the
sensor output.
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CIRCUIT DESCRIPTION

The XTR101 current transmitter provides two one-milliamp
current sources for sensor excitation when its bias voltage is
between 12 V and 40 V. The MPX7100 series sensors are
constant voltage devices, so a zener, D2, is placed in parallel
with the sensor input terminals. Because the MPX7100 series
parts have a high input impedance the zener and sensor
combination can be biased with just the two milliamps
available from the XTR101.

The offset adjustment is composed of R4 and R6. They are
used to remove the offset voltage at the differential inputs to
the XTR101. R6 is set so a zero input pressure will result in
the desired output of 4 mA.

R3 and R5 are used to provide the full scale current span of
16 mA. R5 is set such that a 15 PSl input pressure results in
the desired output of 20 mA. Thus the current signal will span
16 mA from the zero pressure output of 4 mA to the full scale
output of 20 mA. To calculate the resistor required to set the
full scale output span, the input voltage span must be defined.
The full scale output span of the sensor is 24.8 mV andis AV|N
to the XTR101. Burr-Brown specifies the following equation
for Rgpan- The 40 and 16 m¥ values are parameters of the

XTR101.

Rspan = 40 / [(16 A / AVin) - 0.016 mhos]
=64 Q

The XTR101 requires that the differential input voltage at
pins 3and 4, V2-V1 be lessthan 1V and that V2 (pin 4) always
be greater than V1 (pin 3). Furthermore, this differential
voltage is required to have a common mode of 4-6 volts above
the reference (pin 7). The sensor produces the differential
output with a common mode of approximately 3.1 volts above
its reference pin 1. Because the current of both 1 mA sources
will go through R2, a total common mode voltage of about 5.1
volts (1 kQ x 2 mA + 3.1 volts = 5.1 volts) is provided.

The printed circuit layout and the component layout for the
evaluation board are shown in Figures 4a-4c. Table 1is the
parts list for the evaluation board. Some extra pads and the
labels R7 and R8 were provided on the board to allow
replacement of the variable resistors with fixed resistors R5
and R6 and select-in-test resistors R7 and R8 for particular
applications.

OTHER CONSIDERATIONS

The 4—20 mA Pressure Transducer Evaluation Board has
been designed to demonstrate the performance of the
Motorola MPX7100 pressure sensor in conjunction with a
4-20 mA current transmitter. Several design considerations
should be considered when actually optimizing for an
application.

1. The optional external transistor, Q1, is recommended by
Burr-Brown to increase accuracy by reducing temperature
change inside the XTR101 package as the output current
spans from 4 mA to 20 mA. Also for power supply voltages
above 24 V, the 750 Q 1/2W resistor, R1, is recommended to
limit the power dissipation in the MPSAO6 to below its 625 mW
rating.

2. Keeping lead lengths short in the portion of the circuit
where the span adjust and zero adjust resistors connect to the
XTR101 is recommended to reduce noise pick-up and
parasitic resistance.

3. C1 is a bypass capacitor and, therefore, should be
connected across pins 7 and 8 of the XTR101 as close to the
device as possible.

CALIBRATION

1. Connect the evaluation board as shown in the block
diagram of Figure 2.

2. With no pressure connections to the sensor, adjust R6
so that lgyt is 4 mA.

3. Supply 15 PSI to the sensor, (either positive pressure to
the pressure port or vacuum to the vacuum port) and adjust R5
so that lgyt is 20 mA.

4. You may need to repeat steps 2 and 3 to ensure proper
calibration.

CONCLUSION

This circuit is an example of how the higher impedance
MPX7000 series sensors can be utilized in an industrial
application. It provides a simple design alternative where
remote pressure sensing is required.
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Table 1. Parts List for 4-20 mA Pressure Transducer Evaluation Board

Designator Quantity Description Rating Manufacturer Part Number
1 PC Board (see Figure 3) Motorola DEVB126
1 Input/Output Terminals PHX CONT #1727010
4 1/2” standoffs, Nylon threaded
4 1/2” screws, Nylon
2 5/8” screws, Nylon
2 4-40 nuts, Nylon
Capacitor
C1 1 0.01 uF 50V
Diodes
D1 1 100 V Diode 1A 1N4002
D2 1 6.4V Zener 1N4565A
Transistor
Q1 1 NPN Bipolar Motorola MPSA06
Resistors, Fixed
R1 1 750 Q 172W
R2 1 1 kQ
R3 1 39 Q
R4 1 1MQ
Resistors, Variable
R5 1 50 Q, one turn Bourns #3386P-1-500
R6 1 100 KQ, one turn Bourns #3386P-1-104
Integrated Circuit
U1 1 Two wire current transmitter Burr-Brown XTR101
Sensor
XDCR1 1 High Impedance 15 PSI Motorola MPX7100DP

NOTE: All resistors are 1/4 W with a tolerance of 5% unless otherwise noted. All capacitors are 100 volt, ceramic capacitors with a tolerance of 10% unless

otherwise noted.
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SEMICONDUCTOR |

APPLICATION NOTE

AN1304

Integrated Sensor Simplifies Bar Graph

Pressure Gauge

Prepared by: Warren Schultz
Discrete Applications Engineering

INTRODUCTION

Integrated semiconductor pressure sensors such as the
MPX5100 greatly simplify electronic measurement of
pressure. These devices translate pressure into a 0.5 to 4.5
volt output range that is designed to be directly compatible
with microcomputer A/D inputs. The 0.5 to 4.5 volt range also

facilitates interface with ICs such as the LM3914, making Bar
Graph Pressure Gauges relatively simple. A description of a
Bar Graph Pressure Sensor Evaluation Board and its design
considerations are presented here.

APPL ICAT I ONG

-~

Figure 1. DEVB129 MPX5100 Bar Graph Pressure Gauge
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EVALUATION BOARD DESCRIPTION

A summary of the information required to use evaluation
board number DEVB129 is presented as follows. A discussion
of the design appears under the heading Design
Considerations.

FUNCTION

The evaluation board shown in Figure 1 is designed to
provide a 100 kPa full scale pressure measurement. It has two
input ports. P1, the pressure port is on the top side of the
MPX5100 sensor, and P2, a vacuum port, is on the bottom
side. These ports can be supplied up to 100 kPa (15 psi)* of
pressure on P1 or up to 100 kPa of vacuum on P2, or a
differential pressure up to 100 kPa between P1 and P2. Any
of these sources will produce the same output.

The primary output is a 10 segment LED bar graph, which
is labeled in increments of 10 kPa. If full scale pressure is
adjusted for a value other than 100 kPa the bar graph may be
read as a percent of full scale. An analog output is also
provided. It nominally supplies 0.5 volts at zero pressure and
4.5 volts at 100 kPa. Zero and full scale adjustments are made
with potentiometers so labeled at the bottom of the board.
Both adjustments are independent of each other.

ELECTRICAL CHARACTERISTICS

The following electrical characteristics are included to
describe evaluation board operation. They are not
specifications in the usual sense and are intended only as a
guide to operation.

Characteristic Symbol | Min | Typ | Max | Units
Power Supply Voltage B+ 68 | — |13.2 Volts
Full Scale Pressure Prs — | — | 100 kPa
Overpressure Pmax | — | — | 700 kPa
Analog Full Scale VEsS — |45 | — Volts
Anal;)g Zero i’ré;si;a \BFF — 105 | — Volts
Offset |
Analog Sensitivity Saour | — | 40 | — | mV/kPa
Quiescent Current Icc — | 20 - mA
Full Scale Current IFs — (140 | — mA

CONTENT

Board contents are described in the following parts list,
schematic, and silk screen plot. A pin by pin circuit description
follows in the next section.

* 100 kPa = 14.7 psi., 15 psi is used throughout the text for convenience.

PIN-BY-PIN DESCRIPTION

B+:

Input power is supplied at the B+ terminal. Minimum input
voltage is 6.8 volts and maximum is 13.2 volts. The upper limit
is based upon power dissipation in the LM3914 assuming all
10 LED’s are lit and ambient temperature is 25°C. The board
will survive input transients up to 25 volts provided that power
dissipation in the LM3914 does not exceed 1.3 watts.

OUuT:

An analog output is supplied at the OUT terminal. The signal
it provides is nominally 0.5 volts at zero pressure and 4.5 volts
at 100 kPa. This output is capable of sourcing 100 pA at full
scale output.

GND:

There are two ground connections. The ground terminal on
the left side of the board is intended for use as the power
supply return. On the right side of the board, one of the test
point terminals is also connected to ground. It provides a
convenient place to connect instrumentation grounds.

TP1:

Test point 1 is connected to the zero pressure reference
voltage and can be used for zero pressure calibration. To
calibrate for zero pressure, this voltage is adjusted with R6 to
match the zero pressure voltage that is measured at the
analog output (OUT) terminal.

TP2:

Test point 2 performs a similar function at full scale. It is
connected to the LM3914’s reference voltage which sets the
trip point for the uppermost LED segment. This voltage is
adjusted via R5 to set full scale pressure.

P1, P2:

Pressure and Vacuum ports P1 & P2 protrude from the
MPX5100 sensor on the right side of the board. Pressure port
P1is on the top and vacuum port P2 is on the bottom. Neither
is labeled. Either one or a differential pressure applied to both
can be usedto obtain full scale readings up to 100 kPa (15 psi).
Maximum safe pressure is 700 kPa.
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DESIGN CONSIDERATIONS

In this type of an application the design challenge is how to
interface a sensor with the bar graph output. MPX5100
Sensors and LM3914 Bar Graph Display drivers fit together so
cleanly that having selected these two devices the rest of the
design is quite straight forward.

A block diagram that appears in Figure 4 shows the
LM3914’s internal architecture. Since the lower resistor in the
input comparator chain is pinned out at RLQ, it is a simple
matter to tie this pin to a voltage that is approximately equal
to the MPX5100’s zero pressure output voltage. In Figure 2,
this is accomplished by dividing down the 5 volt regulator’s
output voltage through R1, R4, and adjustment pot R6. The
voltage generated at the wiper of R6 is then fed into R| o which
matches the sensor’s zero pressure voltage and zeros the bar
graph.

The full scale measurement is set by adjusting the upper
comparator’s reference voltage to match the sensor’s output
at full pressure. An internal regulator on the LM3914 sets this
voltage with the aid of resistors R2, R3, and adjustment pot RS
that are shown in Figure 2.

The MPX5100 requires 5 volt regulated power that
is supplied by an MC78L05. The LED’s are powered
directly from LM3914 outputs, which are set up as current
sources. Output current to each LED is approximately
10 times the reference current that flows from pin 7 through
R2, R5, and R3 to ground. In this design it is nominally
(4.5 V/4.9K)10 = 9.2 mA.

Over a zero to 85°C temperature range accuracy for both
the sensor and driver IC are £2.5%, totaling +5%. Given a 10
segment display total accuracy is approximately (10 kPa
+5°/o).

CONCLUSION

Perhaps the most noteworthy aspect to the bar graph
pressure gauge described here is how easy itis to design. The
interface between an MPX5100 sensor, LM3914 display
driver, and bar graph output is direct and straight forward. The

resultis a simple circuit that is capable of measuring pressure,
vacuum, or differential pressure; and will also send an analog
signal to other control circuitry.

S1
[ +12v oo
ON/OFF Dt {2 | D3 | D4 | D5 D9 | D10
\ 4 !F A 4 EF N h 4
1 c2
:[ 1uF
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— T 01pF 2 i7
s = T Heo  wfy
[ 4 41 RLo e H2
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2 1.3K 8.1 any Lep L
3 1 9 | moD LED |10
U2 ?sz V3914
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oo >—t "0 e $—o aN
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Figure 2. MPX5100 Pressure Gauge
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Figure 3. Silk Screen 2X
Table 1. Parts List
Designators Quant. Description Rating Manufacturer Part Number
C1 1 Ceramic Cap 0.1 pF
c2 1 Ceramic Cap 1puF
D1-D10 1 Bar Graph LED Gl MV57164
R1 1 1/4 W Film Resistor 100
R2 1 1/4 W Film Resistor 1.2K
R3 1 1/4 W Film Resistor 2.7K
R4 1 1/4 W Film Resistor 1.3K
R5 1 Trimpot 1K Bourns
R6 1 Trimpot 100 Bourns
S1 1 On/Off Switch NKK 12SDP2
Ut 1 Bar Graph IC National LM3914
u2 1 Pressure Sensor Motorola MPX5100
u3 Voltage Regulator Motorola MC78LO5ACP
- 1 Terminal Block Augat 25V03
— 3 Test Point Terminal Components Corp. | TP1040104
— 4 Nylon Spacer 3/8”
— 4 4-40 Nylon Screw 1/4”

Note: All resistors have a tolerance of 5% uniess otherwise noted.
All capacitors are 50 volt ceramic capacitors with a tolerance of 10% unless otherwise noted.
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Figure 4. LM3914 Block Diagram
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SEMICONDUCTOR I

APPLICATION NOTE

AN1305

An Evaluation System for Direct Interface
of the MPX5100 Pressure Sensor With

a Microprocessor

Prepared by: Bill Lucas
Discrete Applications Engineering

INTRODUCTION

Interfacing pressure sensors to analog-to-digital converters or
microprocessors with on-chip A/D converters has been a
challenge that most engineers do not enjoy accepting. Recent
design advances in pressure sensing technology have
allowed the engineer to directly interface a pressure sensor to
an A/D converter with no additional active components. This

has been made possible by integrating a temperature
compensated pressure sensor element and active linear
circuitry on the same die. A description of an evaluation board
that shows the ease of interfacing a signal conditioned
pressure sensor to an A/D converter is presented here.

=
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Figure 1. DEVB-114 MPX5100 Evaluation Module
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PURPOSE

This evaluation system, shown in Figure 1, demonstrates
the ease of operation and interfacing of the Motorola
MPX5100 series pressure sensors with on-chip temperature
compensation, calibration and amplification. The board may
be used to evaluate the sensor’s suitability for a specific
application.

DESCRIPTION

The DEVB-114 evaluation board is constructed on a small
printed circuit board. It is powered from a single +5 Vdc
regulated power supply. The system will display the pressure
applied to the MPX5100 sensor in pounds per square inch.
The range is 0 PSI through 15 PSI, resolved to 0.1 PSI. No
potentiometers are used in the system to adjust the span and

LCD

offset. The sensor’s zero offset voltage with no pressure
applied to the sensor is empirically computed each time power
is applied to the system and stored in RAM. The sensitivity of
the MPX5100 is repeatable from unit to unit. There is a facility
for a small “rubbering” of the slope constant built into the
program. It is accomplished with jumpers J1 and J2, and is
explained in the Operation section. The board contents are
further described in the schematic, silk screen plot, and parts
list that appear in Figures 2, 3 and Table 1.

BASIC CIRCUIT

The evaluation board consists of three basic subsystems:
an MPX5100GP pressure sensor, a four digit liquid crystal
display (only three digits and a decimal are used) and a
programmed microprocessor with the necessary external
circuitry to support the operation of the microprocessor.

LIQUID CRYSTAL DISPLAY

Thil s

—L |

26l27]13 |14 lisoajos |16 |oofoalt7 [18 fio]oo

|EE PART NUMBER LCD5657 OR EQUAL
_:L._I_\

Th| ¢

o larlss a2 |43 Jaalas| 46 7 lselse [a3 Jodlas{as |31 [polsooa |25 |oelor|os
[ I 1 vr 3 1 6 54 3] +5
PORTC PORTB PORTA
15 OHM
1%
ut
2 | o vRn |2 485V
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453 OHM
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4
v
L SS VRL ! ~302V
_ PD4 PD3 PDI_VPP6  TCAPI
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5 TR ER— 19 8 3 [1o] ]z [T ]2 ] 15 222 25
10K oI = 5
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5
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Vee
out XDCR1
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Figure 2. DEVB-114 System Schematic
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Table 1. DEVB-114 Parts List

Designators | Quant. Description Rating Manufacturer Part Number
C1 1 100 pF Electrolytic Capacitor 25 Vdc Sprague 513D107M025BB4
c2 1 0.1 uF Ceramic Capacitor 50 Vde Sprague 1C105Z5U104M050B
C3, Cc4 2 22 pF Ceramic Capacitor 100 Vdc Mepco/Centralab CN15A220K
J1, J2 1 Dual Row Straight .025 Pins

Arranged On .1” Grid Molex 10-89-1043
LCD 1 Liquid Crystal Display AMPEREX LTD226R-12
R1 1 4.7 k Ohm Resistor
R2 1 10 Meg Ohm Resistor
R3, R4 2 10 k Ohm Resistor
R5 1 15 Ohm 1% 1/4 W Resistor
R6 1 453 Ohm 1% 1/4 W Resistor
R7 1 30.1 Ohm 1% 1/4 W Resistor
XDCR1 1 Pressure Sensor Motorola MPX5100GP
ut 1 Microprocessor Motorola MC68HC705B5FN or
Motorola XC68HC705B5FN
U2 1 Under Voltage Detector Motorola MC34064P-5
Y1 1 Crystal (Low Profile) 4.0 MHz ECS ECS-40-S-4
No Designator 1 52 Pin PLCC Socket AMP 821-575-1
No Designator 2 Jumpers For J1 and J2 Molex 15-29-1025
No Designator 1 Bare Printed Circuit Board
Note: All resistors are 1/4 W resistors with a tolerance of 5% unless otherwise noted.
All capacitors are 100 volt, ceramic capacitors with a tolerance of 10% unless otherwise noted.
LCD1
1
U1
210 o
R3 —3
R4
gg 3% Cc2 C3 C4 O u2
! a (][ [
GND + R2 Ve TP1
XDRCOUT TP2
s 1 GND TP3
+5
XDRC1
DEVB-114
REV. 0

Figure 3. Silk Screen
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Theory of Operation

Referring to the schematic, Figure 2, the MPX5100
pressure sensor is connected to PORT D bit 5 of the
microprocessor. This portis an input to the on-chip 8 bitanalog
to digital converter. The pressure sensor provides a signal
output to the microprocessor of approximately 0.5 Vdc at 0 psi
to 4.5 Vdc at 15 psi of applied pressure as shown in Figure 4.
The input range of the A to D converter is set at approximately
0.3 Vdc to 4.85 Vdc. This compresses the range of the Ato D
converter around the output range of the sensor to maximize
the A to D converter resolution; 0 to 255 counts is the range
ofthe Ato D converter. VRH and VR|_are the reference voltage
inputs to the A to D converter. The resolution is defined by the
following:

Analog-to-digital converter count =

[(Vxder = VRU/(VRH — VRL)] - 255

The count at 0 psi = [(.5 — .302)/(4.85 — .302)] . 255 ~ 11
The count at 15 psi = [(4.5 — .302)/(4.85 — .302)] » 255 = 235
Therefore the resolution = count @ 15 psi — count @ O psi
or the resolution is (235 — 11) = 224 counts. This translates
to a system that will resolve to 0.1 psi.

|
45| Vg=50Vdc -
Ta=25°C //
— MPX5100 TN /
T ™~
s MIN j vP
5 MAX __~4 /// SPAN
3 N
=
A
05 '// N
r TYP OFFSET
0
xpa 25 50 75 100
PSI 362 7.25 10.87 145

Figure 4. MPX5100 Output versus Pressure Input

The voltage divider consisting of R5 through R7 is
connected to the +5 volts powering the system. The output of
the pressure sensor is ratiometric to the voltage applied to it.
The pressure sensor and the voltage divider are connected to
a common supply; this yields a system that is ratiometric. By
nature of this ratiometric system, variations in the voltage of
the power supplied to the system will have no effect on the
system accuracy.

The liquid crystal display is directly driven from I/O ports A,
B, and C on the microprocessor. The operation of a liquid
crystal display requires that the data and backplane pins must
be driven by an alternating signal. This function is provided by
a software routine that toggles the data and backplane at
approximately a 30 Hz rate.

The microprocessor section of the system requires certain
support hardware to allow it to function. The MC34064P-5
(U2) provides an under voltage sense function which is used
to reset the microprocessor at system power-up. The 4 MHz
crystal (Y1) provides the external portion of the oscillator
function for clocking the microprocessor and provides a stable
base for time based functions. Jumpers J1 and J2 are
examined by the software and are used to “rubber” the slope
constant.

OPERATION

The system must be connected to a 5 Vdc regulated power
supply. Note the polarity marked on the power terminal J3.
Jumpers J1 and J2 must either both be installed or both be
removed for the normal slope constant to be used. The
pressure port on the MPX5100 sensor must be left open to
atmosphere anytime the board is powered-up. As previously
stated, the sensor’s voltage offset with zero pressure applied
is computed at power-up.

You will need to apply power to the system. The LCD will
display CAL for approximately 5 seconds. After that time, the
LCD will then start displaying pressure.

To improve upon the accuracy of the system, you can
change the constant used by the program that constitutes the
span of the sensor. You will need an accurate test gauge to
measure the pressure applied to the sensor. Anytime after the
display has completed the zero calculation (after CAL is no
longer displayed), apply 15.0 PSI to the sensor. Make sure
that jumpers J1 and J2 are either both installed or both
removed. Referring to Table 2, you can increase the displayed
value by installing J1 and removing J2. Conversely, you can
decrease the displayed value by installing J2 and removing
J1.

Ji J2 Action
IN IN USE NORMAL SPAN CONSTANT
ouT ouT USE NORMAL SPAN CONSTANT
ouT IN DECREASE SPAN CONSTANT
APPROXIMATELY 1.5%
IN ouT INCREASE SPAN CONSTANT
APPROXIMATELY 1.5%
Table 2
SOFTWARE

The source code, compiler listing, and S-record output for
the software used in this system are available on the Motorola
Freeware Bulletin Board Service in the MCU directory under
the filename DEVB-114.ARC. To access the bulletin board
you must have a telephone line, a 300, 1200 or 2400 baud
modem and a terminal or personal computer. The modem
must be compatible with the Bell 212A standard. Call
1-512-891-3733 to access the Bulletin Board Service.

The software for the system consists of several modules.
Their functions provide the capability for system calibration as
well as displaying the pressure input to the MPX5100
transducer.

Figure 5 is a flowchart for the program that controls the
system.

Pressure Sensor Device Data

5-55

Application Notes



AN1305

INITIALIZE DISPLAY I/0 PORTS
INITIALIZE TIMER REGISTERS
ALLOW INTERRUPTS
PERFORM AUTO ZERO

TIMER
INTERRUPT

SERVICE TIMER REGISTERS
SETUP COUNTER FOR NEXT INTERRUPT
SERVICE LIQUID CRYSTAL DISPLAY
RETURN FROM INTERRUPT

SLOPE = 64

SLOPE = 63

J20uT?

SLOPE = 65

ACCUMULATE 100 A/D CONVERSIONS
COMPUTE INPUT PRESSURE
CONVERT TO DECIMAL
PLACE IN RESULT OUTPUT BUFFER

I

Figure 5. DEVB-114 Software Flowchart

The compiler used in this project was provided by BYTE
CRAFTLTD. (519) 888-6911. A compiler listing of the program
isincluded at the end of this document. The following is a brief
explanation of the routines:

delay() Used to provide approximately a 20 ms loop.

read_a2d() Performs one hundred reads on the analog to
digital converter on multiplexer channel 5 and returns the
accumulation.

fixcompare() Services the internal timer for 30 ms timer
compare interrupts.

TIMERCMP() Alternates the data and backplane for the
liquid crystal display.

initio() Sets up the microcomputer’s 1/O ports, timer, allows
processor interrupts, and calls adzero().

adzero() This routine is necessary at power-up time because
it delays the power supply and allows the transducer to

stabilize. It then calls ‘read_atod()’ and saves the returned
value as the sensors output voltage with zero pressure
applied.

cvt_bin_dec(unsigned long arg) This routine converts the
unsigned binary argument passed in ‘arg’ to a five digit
decimal number in an array called ‘digit’. It then uses the
decimal results for each digit as an index into a table that
converts the decimal number into a segment pattern for
the display. It is then output to the display.

display_psi() This routine is called from ‘main()’. The
analog to digital converter routine is called, the pressure
is calculated, and the pressure applied to the sensor is
displayed. The loop then repeats.

main() This is the main routine called from reset. It calls
‘initio()’ to set up the system’s I/O. ‘display_psi()’ is called
to compute and display the pressure applied to the sensor.
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1FFE
1FFC
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1FF8
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0000
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0004
0005
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0008
0009
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000D
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000F
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AN1305

SOFTWARE SOURCE/ASSEMBLY PROGRAM CODE

#pragma
/ﬁ'

option v ;

rev 1.1 code rewritten to use the MC68HC705B5 instead of the
MC68HC805B6. WLL 6/17/91

THE FOLLOWING

BOARD.

o

BYTE CRAFT LTD.
421 KING ST.

WATERLOO,

ONTARIO

CANADA N2J 4E4
(519)888-6911

SOURCE CODE IS WRITTEN FOR THE DEVB-114 DEMONSTRATION
IT WAS COMPILED WITH A COMPILER COURTESY OF:

SOME SOURCE CODE CHANGES MAY BE NECESSARY FOR COMPILATION WITH OTHER

COMPILERS.
BILL LUCAS 8/5/90
MOTOROLA, SPS */
#pragma memory ROMPROG [5888] @ 0x0800 ;
#pragma memory RAMPAGEO [150] @ 0x0050 ;
/* Vector assignments */
#pragma vector __RESET @ Oxlffe ;
#pragma vector __SWI @ Oxlffc ;
#pragma vector IRQ @ Ooxlffa ;
#pragma vector TIMERCAP @ Ox1£f£8 ;
#pragma vector TIMERCMP @ O0x1ff6 ;
#pragma vector TIMEROV @ O0x1ff4 ;
#pragma vector SCI @ Ox1ff2 ;
#pragma has STOP ;
#pragma has WAIT ;
#pragma has MUL ;
/* Register assignments for the 68HC705B5 microcontroller */
#pragma portrw porta @ 0x00; /* */
#pragma portrw portb @ 0x01; /* */
#pragma portrw portc @ 0x02; /* */
#pragma portrw portd @ 0x03; /* in ,~ ,S8S ,SCK ,MOSI,MISO,TxD,RxD */
#pragma portrw ddra @ 0x04; /* Data direction, Port A */
#pragma portrw ddrb @ 0x05; /* Data direction, Port B */
#pragma portrw ddrc @ 0x06; /* Data direction, Port C (all output) */
#pragma portrw eeclk @ 0x07; /* eeprom/eclk cntl */
#pragma portrw addata @ 0x08; /* a/d data register */
#pragma portrw adstat @ 0x09; /* a/d stat/control */
#pragma portrw plma @ 0x0a; /* pulse length modulation a */
#pragma portrw plmb @ 0x0b; /* pulse length modulation b */
#pragma portrw misc @ 0x0c; /* miscellaneous register */
#pragma portrw scibaud @ 0x0d; /* sci baud rate register */
#pragma portrw scicntll @ 0x0e; /* sci control 1 */
#pragma portrw scicntl2 @ 0x0f; /* sci control 2 */
#pragma portrw scistat @ 0x10; /* sci status reg */
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0011 #pragma portrw scidata @ 0x11l; /* SCI Data */

0012 #pragma portrw tcr @ 0x12; /* ICIE,OCIE,TOIE,0;0,0,IEGE,OLVL */
0013 #pragma portrw tsr @ 0x13; /* ICF,OCF,TOF,0; 0,0,0,0 */
0014 #pragma portrw icaphil @ 0x14; /* Input Capture Reg (Hi-0x14, Lo-0x15) */
0015 #pragma portrw icaplol @ 0x15; /* Input Capture Reg (Hi-0x14, Lo-0x15) */
0016 #pragma portrw ocmphil @ 0x16; /* Output Compare Reg (Hi-0x16, Lo-0x17)*/
0017 #pragma portrw ocmplol . @ 0x17; /* Output Compare Reg (Hi-0x16, Lo-0x17)*/
0018 #pragma portrw tcnthi @ 0x18; /* Timer Count Reg (Hi-0x18, Lo-0x19) */
0019 #pragma portrw tcntlo @ 0x19; /* Timer Count Reg (Hi-0x18, Lo-0x19) */
001a #pragma portrw acnthi @ 0x1A; /* Alternate Count Reg (Hi-$1A, Lo-$1B) */
001B #pragma portrw acntlo @ 0x1B; /* Alternate Count Reg (Hi-$1A, Lo-$1B) */
001C #pragma portrw icaphi2 @ Oxlc; /* Input Capture Reg (Hi-0xlc, Lo-0x1d) */
001D #pragma portrw icaplo2 @ 0x1d; /* Input Capture Reg (Hi-O0xlc, Lo-0x1d) */
001E #pragma portrw ocmphi2 @ Oxle; /* Output Compare Reg (Hi-Oxle, Lo-0x1f)*/
001F #pragma portrw ocmplo2 @ O0x1f; /* Output Compare Reg (Hi-Oxle, Lo-0x1f)*/

/* put constants and variables here...they must be global */

T LY

1EFE 74 #pragma mor @ Ox1EFE = 0x74; /* this disables the watchdog counter and does not
add pull-down resistors on ports B and C */

0800 FC 30 DA 7A 36 6E E6 38 FE const char lcdtab[]={0xfc,0x30,0xda, 0x7a, 0x36,0x6e, 0xe6,0x38, 0xfe, 0x3e };
0809 3E

/* lcd pattern table 0 1 2 3 4 5 6 7 8 9 */
080A 27 10 03 E8 00 64 00 OA const long dectable[] = { 10000, 1000, 100, 10 };
0050 0005 unsigned int digit[5]; /* buffer to hold results from cvt_bin_dec functio */
0000 registera ac; /* processor’s A register */
0055 long atodtemp; /* temp to accumulate 100 a/d readings for smoothing */
0059 long slope; /* multiplier for adc to engineering units conversion */
005B int adent; /* a/d converter loop counter */
005C long xdcr_offset; /* initial xdcr offset */
005E 0060 unsigned long i,j; /* counter for loops */
0062 int k; /* misc variable */

struct bothbytes
{ dint hi;
int lo;

union isboth
{ long 1;
struct bothbytes b;
}i

0063 0002 union isboth q; /* used for timer set-up */
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PR ] Tk kR *kk

/* code starts here */
P R R R R
/* these interrupts are not used...give them a graceful return if for
some reason one occurs */

1FFC 08 12 __SWI(){}
0812 80 RTI
1FFA 08 13 IRQO) {}
0813 80 RTI
1FF8 08 14 TIMERCAP () {}
0814 80 RTI
1FF4 08 15 TIMEROV () {}
0815 80 RTI
1FF2 08 16 sCI(){}
0816 80 RTI
YAAAAAAd ke Tkk Kk khkkkkkkhhkkkhhhhkkkhhhhhhhh bbbk rkhkhkehd /

void delay(void) /* just hang around for a while */
{

0817 4F CLRA for (i=0; i<20000; ++i);
0818 3F 57 CLR $57

081A B7 58 STA $58

081C B6 57 LDA $57

081E B7 S5E STA $5E

0820 B6 58 LDA $58

0822 B7 5F STA $5F

0824 B6 5F LDA $5F

0826 A0 20 SUB #$20

0828 B6 5E LDA $5E

082A A2 4E SBC #$4E

082C 24 08 BCC $0836

082E 3C 5F INC $5F

0830 26 02 BNE $0834

0832 3C 5E INC $5E

0834 20 EE BRA $0824

0836 81 RTS }

J R R Rk Rk kAR KRRk R kR R KRR Rk kR kR kR kR Rk Rk Rk Rk Rk Rk Rk ok

read_a2d(void)

{

/* read the a/d converter on channel 5 and accumulate the result
in atodtemp */

0837 3F 56 CLR $56 atodtemp=0; /* zero for accumulation */

0839 3F 55 CLR $55

083B 4F CLRA for ( adent = 0 ; adent<100; ++adcnt) /* do 100 a/d conversions */
083C B7 5B STA $5B

083E B6 5B LDA $5B

0840 A8 80 EOR #580

0842 Al E4 CMP #$E4

0844 24 21 BCC $0867
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0846
0848
084a
084D
084F
0851
0853
0855
0857
0859
085B
085D
085F
0861

0863
0865
0867
0869
086B
086D
086F
0871
0873
0875
0878
087B
087D
087F

0880
0882
0884
0886
0888
088a
088C
088E
0890
0892
0894
0896
0898
089a

1FF6

B6

81

9B

FD

8F

LDA #$25
STA $09
BRCLR 7,$09,$084A
LDA $08
CLR $57
STA $58
ADD $56
STA $58
LDA $57
ADC $55
STA $57
STA $55
LDA $58
STA $56
INC $5B
BRA $083E
LDA $56
STA $58
LDA $55
STA $57
CLR $66
LDA #$64
STA $67
JSR $0ASE
JSR $0A8F
STX $55
STA $56
RTS

LDA $18
STA $63
LDA $19
STA $64
ADD #$4C
STA $64
LDA $63
ADC #$1D
STA $63
STA $16
LDA $13
LDA $64
STA $17
RTS

void TIMERCMP (void)

AN1305

adstat = 0x25; /* convert on channel 5 */

while (!(adstat & 0x80)); /* wait for a/d to complete */
atodtemp = addata + atodtemp;

atodtemp = atodtemp/100;

return atodtemp;

/R ok ok koo ok ke ok ek ko kR kR kR R kR kR Rk Rk Rk kR kR R kR KR Rk kK

void fixcompare (void) /* sets-up the timer compare for the next interrup */

{
g.b.hi =tcnthi;

qg.b.lo = tentlo;

q.1l +=7500; /* ((4mhz xtal/2)/4) = counter period = 2us.*7500 = 15ms.*/

ocmphil = g.b.hi;
ac=tsr;
ocmplol = g.b.lo;

AR T

/* timer service module */
{

Application Notes

5-60 Pressure Sensor Device Data



089B
089D
089F
08A1
08a3

0824
08A5
08A7
08A9
08AB
08AD
08AF
08B1
08B3
08B5
08B7
08B9

08BB

08BE
08Co
08c2
0sc4
08C6
08co
08CB
08CD

08CE
08D0
08D2
08D4
08D6
08D8
08DA
08DC
08DE
08EO
08E2
08E4
08E6
08ES8

33
33

AD
80

3C

01
00
DD

17

coM
coM
CcoM
BSR
RTI

CLRA
CLR
STA
LDA
STA
LDA
STA
LDA
SUB
LDA
SBC
BCC

JSR
INC
BNE
INC
BRA

JSR

STA
RTS

LDA

BSR

$02
$01
$00
$0880

$57
$58
$57
$60
$58
$61
$61
#$14
$60
#$00
$08C6

$0817

$61
$08C4
$60
$08B1
$0837
$5¢C
$5D

#$20
$09
$02
$01
$00
#$FF
$06
$05
$04
$13
$1E
$16
$1F
$0880

AN1305

portc =~ portc;
portb =~ portb;
porta =~ porta;

fixcompare();

/x> T2

void adzero(void)

for ( j=0; 3j<20;

delay();

xdcr_offset

/* service the lcd */

R L L]

/* called by initio() to save initial xdcr’s zero

pressure offset voltage output */

++3)

power supply time to settle down */

read_a2d();

/* give the sensor time to ”warm-up” and the

AR Y]

void initio (void)
{
adstat = 0x20;

porta = portb

/%

setup the I/0 */

/* power-up the A/D */

portc

ddra = ddrb = ddrc =

ac=tsr;

ac = ocmplo2;
fixcompare();

0;

oxff;

/* dummy read */
ocmphil = ocmphi2 = 0;

/* clear out output compare 2 if it happens to be set */

/* set-up for the first timer interrupt */
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08EA A6 40 LDA #3540 ter = 0x40;

08EC B7 12 STA $12

08EE 9A CLI CLI; /* let the interrupts begin ! */
/* write CAL to the display */

08EF A6 CC LDA #4cc portc = Oxcc; /* C */

08F1 B7 02 STA $02

08F3 A6 BE LDA #$BE portb = Oxbe; /* A */

08F5 B7 01 STA $01

08F7 A6 C4 LDA #$C4 porta = Oxc4; /* L */

08F9 B7 00 STA $00

08FB AD A7 BSR $08A4 adzero();

08FD 81 RTS }

JEEEE KR AR AR AR AR R IR AR AR AR AR AR AR R R AR AR AR AR R AR IR AR R IR AR KR AR IR IR AR RNK

void cvt_bin_dec(unsigned long arg)

/* First converts the argument to a five digit decimal value. The msd is in
the lowest address. Then leading zero suppresses the value and writes it to
the display ports.

The argument value range is 0..65535 decimal. */

0069 {
08FE BF 69 STX $69
0900 B7 6A STA $6A
006B char i;
006C unsigned long 1;
0902 4F CLRA for ( i=0; i < 5; ++i )
0903 B7 6B STA $6B
0905 B6 6B LDA $6B
0907 Al 05 CMP #$05
0909 24 07 BCC $0912
{
090B 97 TAX digit[i] = 0x0; /* put blanks in all digit positions */
090C 6F 50 CLR $50,X
}
090E 3C 6B INC $6B
0910 20 F3 BRA $0905
0912 4F CLRA for ( i=0; i < 4; ++i )
0913 B7 6B STA $6B
0915 B6 6B LDA $6B
0917 Al 04 CMP #$04
0919 24 70 BCC $098B
{
09iB S7 TAX if ( arg »>= dectable {[i] )
091C 58 LSLX
091D D6 08 0B LDA $080B, X
0920 Bl 6A CMP $6A
0922 26 07 BNE $092B
0924 D6 08 0A LDA $080A,X
0927 B1 69 CMP $69
0929 27 5C BEQ $0987
{
092B BE 6B LDX $6B 1 = dectable[i];
092D 58 LSLX

092E D6 08 OA LDA $080A, X

Application Notes 5-62 Pressure Sensor Device Data



0931
0933
0936
0938
093a
093¢
093E
0940
0942
0944
0946
0948
094B
094E
0950
0952
0954
0956
0958
095a
095¢C
095E
0960
0962
0964
0966
0969
096B
096D
096F
0971
0973
0975
0977
0979
097B
097D
097F
0981
0983
0985

0987
0989
098B
098D
098F
0991
0993
0995
0997

0999

6C
08
6D
6A
58
69
57
6C
66
6D
67
0a
oA
57
58
6B
50
6B

57
58
6C
66
6D
67
oA
57
58
57
58
02
57
58
6A
58
57
69
57
69
58
6A

6B

6A
58
69
57
6B
58
50

0B

S5E
8F

3F

STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
JSR
JSR
STX
STA
LDX
STA
LDX
LDA
CLR
STA
LDA
STA
LDA

JSR

SEI

$6C
$080B,X
$6D
$6A
$58
$69
$57
$6C
$66
$6D
$67
$0A5E
$0A8F
$57
$58
$6B
$50,X
$6B
$50,%
$57
$58
$6C
$66
$6D
$67
$0A3F
$57
$58
$57
$58
$0975
$57
$58
$6A
$58
$57
$69
$57
$69
$58
$6a

$6B
$0915
$6A
$58
$69
$57
$6B
$58
$50,X

digit[i]

/* now zero suppress and send the lcd pattern to the display */

SEI;

w

arg;

AN1305

digit[i] = arg / 1;

arg = arg-(digit[i] * 1);

Pressure Sensor Device Data

5-63

Application Notes



AN1305

099A 3D 50 TST $50 if ( digit[0] == 0 ) /* leading zero suppression */
099C 26 04 BNE $09A2

099E 3F 02 CLR $02 portc = 0;

09A0 20 07 BRA $09A9 else

09A2 BE 50 LDX $50 portc = ( ledtabl[digit[0]] ); /* 100’s digit */
09A4 D6 08 00 LDA $0800,X

09a7 B7 02 STA $02

09A9 3D 50 TST $50 if ( digit[0] == 0 && digit[1l] == 0 )

09AB 26 08 BNE $09B5

09AD 3D 51 TST $51

09AF 26 04 BNE $09B5

09B1 3F 01 CLR $01 portb=0;

09B3 20 07 BRA $09BC else

09B5 BE 51 LDX $51 portb = ( lcdtabldigit[1]] ); /* 10's digit */
09B7 D6 08 00 LDA $0800,X

09BA B7 01 STA $01

09BC BE 52 LDX $52 porta = ( lecdtab[digit[2]]1+1 ); /* 1’s digit + decimal point */
O09BE D6 08 00 LDA $0800,X

09C1l 4c INCA

09C2 B7 00 STA $00

09C4 9A CLI CLI;

09C5 CD 08 17 JSR $0817 delay();

09Cc8 81 RTS }

JRERR R AR AR AR R R AR R IR R AR IR I AR R R KRR IR KRR AR AR AR AR AR R AR IR R KA A NN/

void display_psi(void)

/* At power-up it is assumed that the pressure port of the sensor
is open to atmosphere. The code in initio() delays for the
sensor and power to stabilize. One hundred A/D conversions are
averaged and divided by 100. The result is called xdcr_offset.
This routine calls the A/D routine which performs one hundred
conversions, divides the result by 100 and returns the value.
If the value returned is less than or equal to the xdcr_offset,
the value of xdcr_offset is substituted. If the value returned
is greater than xdcr_offset, xdcr_offset is subtracted from the
returned value. That result is multiplied by a constant to yield
pressure in PSI * 10 to yield a “decimal point”.

*/

{

while (1)

{
09Cc9 3F 59 CLR $59 slope = 64;
09CB A6 40 LDA #$40
09CD B7 5A STA $5A
09CF B6 03 LDA $03 k = portd & OxcO; /* this lets us “rubber” the slope to closer fit
09D1 A4 CO AND #$Co
09D3 B7 62 STA $62
the slope of the sensor */

09D5 Al 80 CMP #$80 if ( == 0x80 ) /* J2 removed, J1 installed */
09D7 26 06 BNE $09DF
09D9 3F 59 CLR $59 slope = 65;
09DB A6 41 LDA #$41
09DD B7 5A STA $5A
09DF B6 62 LDA $62 if ( k == 0x40 ) /* J1 removed, J2 installed */
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09E1
09E3
09E5
09E7
09E9

09EB
09EE
09F0
09F2
09F4
09F6
09F8
09FA
09FC
09FE
0200
0A02
0A04
0n06
0A08
0AOA
0AOC
OAQE
0A10
0A12
0a14
0Al6
0Al8
0AlA
0alc
OAlE
0A20
0Aa22
0A24
0A26
0a28
0A2A
0A2D
0A2F
0A31
0A34
0A36

0A37
0A3A
0A3C
0A3E

0A3F
0A41

B7

AD
20
81

40
06
59

5a

08
8D

58
67

37

FE

CMP
BNE
CLR
LDA
STA

JSR
CLR
STA
SUB

#$40
$09EB
$59
#$3F
$5A

$0837
$55
$56
$5D
$58
$sC
#$80
$57
$55
#$80
$57
$58
$0AO0E
$5¢C
$55
$5D
$56
$56
$5D
$56
$55
$5¢C
$55
$56
$58
$55
$57
$59
$66
$5A
$67
$0A3F
$55
$56
$08FE
$09C9

$08CE
$09C9
$0A3C

$58
$67

e

AN1305

slope = 63;

/* else both jumpers are removed or installed... don’t change the slope */

atodtemp

if ( atodtemp <= xdcr_offset )

atodtemp = xdcr_offset;

atodtemp -= xdcr_offset; /* remove the offset */

atodtemp *= slope; /* convert to psi */

cvt_bin_dec( atodtemp );

= read_a2d(); /* atodtemp = raw a/d ( 0..255 ) */

/* convert to decimal and display */

AR

main()

{

initio(); /* set-up the processor’s i/o */
display_psi();

while(1);

/* should never get here */
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0A43
0a44
046
0a48
0AdA
0a4c
0A4D
0A4F
0AS51
0AS3
0AS5
0A56
0AS8
0A5SA
0A5B
0ASD

OASE
0A60
0A61
0A63
0A65
0A66
0a68
0A6A
0A6C
OA6E
0A70
0A72
0AT74
0A76
0A78
O0A7A
0A7C
O0A7E
0A80
0a82
0AB4
0A86
0A88
0A89
O0A8A
0A8C
OASE
0ASF
0A90
0a91
0A93
0A94
1FFE

70
71
57
67

70

70

6E
6F

58
57
6E
6F
6E
67
6E

66
6F
0D
67

6E
66
6F
6F

70

70

37

LDA
RTS

$70
$71
$57
$67

$71
$71
$58
$66

$71
$71

$70

$70

$6E
$6F

$58
$57
$6E
$6F
$6E
$67
$6E
$6F
$66
$6F
$0a89
$67
$6E
$6E
$66
$6F
$6F

$70
$0A66

$70

AN1305
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LABEL VALUE LABEL VALUE LABEL VALUE LABEL VALUE
IRQ 0813 | scI 0816 | TIMERCAP 0814 | TIMERCMP 089B
TIMEROV 0815 | _LDIV OASE | __LongIX 0066 | _ MUL 0000
__MUL16x16 OA3F | __RDIV OA8F | __RESET 1FFE | __STARTUP 0000
__SToP 0000 | __SWI 0812 | __WAIT 0000 | __longAC 0057
acnthi 001a | acntlo 001B | adent 005B | addata 0008
adstat 0009 | adzero 08A4 | arg 0069 | atodtemp 0055
b 0000 | bothbytes 0002 | cvt_bin_dec O08FE | ddra 0004
ddrb 0005 | ddrc 0006 | dectable 080A | delay 0817
digit 0050 | display psi 09C9 | eeclk 0007 | fixcompare 0880
hi 0000 | i 005E | icaphil 0014 | icaphi2 o0o1c
icaplol 0015 | icaplo2 001D | initio 08CE | isboth 0002
3 0060 | k 0062 | 1 0000 | lcdtab 0800
lo 0001 | main 0A37 | misc 000C | ocmphil 0016
ocmphi2 001E | ocmplol 0017 | ocmplo2 001F | plma 000A
plmb 000B | porta 0000 | portb 0001 | portc 0002
portd 0003 | q 0063 | read_a2d 0837 | scibaud 000D
scicntll 000E | scicntl2 000F | scidata 0011 | scistat 0010
slope 0059 | tcnthi 0018 | tentlo 0019 | tcr 0012
tsr 0013 | xdcr_offset 005C |
MEMORY USAGE MAP (‘X' = Used, ’'~' = Unused)
0100 :
0140 :
0180 :
01Co0 : X-
0800 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0840 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0880 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
08C0 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0900 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0940 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0980 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
09C0 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0A00 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0A40 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0A80 : XXXXXXXXXXXXXXXX XXXXX:
0ACO :
1F00 :
1F40 :
1F80 :
1FCO : ——XXXXXXXXXXXXXX
All other memory blocks unused.
Errors : 0
Warnings : 0
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APPLICATION NOTE

AN1307

A Simple Pressure Regulator Using
Semiconductor Pressure Transducers

Prepared by: Denise Williams
Discrete Applications Engineering

INTRODUCTION

Semiconductor pressure transducers offer an economical
means of achieving high reliability and performance in
pressure sensing applications. The completely integrated
MPX5100 (0-15 PSI) series pressure transducer provides a
temperature-compensated and calibrated, high-level linear

output that is suitable for interfacing directly with many linear
control systems. The circuit described herein illustrates how
this sensor can be used with a simple pressure feedback
system to establish pressure regulation.

o
=2
=2
N
2

i
2
=~

| ONS

Figure 1. DEVB-104 MPX5100 Pressure Regulator

ICePAK and SENSEFET are trademarks of Motorola, Inc.
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Figure 2. High Level, Ground Referenced Output using an MPX2000 Series Transducer

THE SENSOR

The MPX5100 is the next level of integration beyond the
MPX2000 series. The MPX2000 series of pressure
transducers already incorporates, on-chip, more than a dozen
external components needed for temperature compensation
and offset calibration. Figure 2 shows the basic circuitry
required to create a ground referenced output amplified to a
high-level from an MPX2100 (0-15 PSI) transducer. For
optimum performance, matched metal film resistor pairs and
precision operational amplifiers are required.

The MPX5100 goes one step further by adding the
differential to ground referenced conversion and the
amplification circuitry on-chip. Therefore, the
eighteen-component circuit shown in Figure 2 can be reduced
to one signal-conditioned sensor, as shown in Figure 3.

All of the MPX devices contain a single piezoresistive
implant which replaces the four-element Wheatstone bridge
circuit found in most semiconductor-based transducers. The
MPX5100 transducer uses an interactively laser-trimmed,
four-stage network to perform signal conditioning. Figure 4 is
an internal block diagram of the MPX5100 showing these four
stages.

The first stage compensates for the temperature coefficient
of offset while the second stage performs the differential to

single-ended conversion. Stage three is a precision voltage
reference that calibrates the zero pressure offset of the entire
system, which comprises the sensor offset and the input offset
voltages of the other three operational amplifiers. The final
stage provides the full-scale span calibration. The MPX5100
is compensated for operation over 0 to 85°C with a response
time (10% to 90%) of 10 msec.

5V

Vout

w
-

Figure 3. High Level, Ground Referenced
Output using an MPX5100
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Figure 4. Fully Integrated Pressure Sensor Schematic

Some terms commonly used when discussing pressure
sensors are:

¢ VEgg (Full Scale Span) — the output voltage variation
between zero differential pressure applied to the sensor
and the maximum recommended operating pressure
applied to the sensor, with a given supply voltage.

® VOFF (Offset) — the voltage output given by a sensor with
zero differential pressure applied, with a given supply
voltage.

© Sensitivity — the amount of output voltage variation per
unit pressure input variation.

e Linearity — the maximum deviation of the output from a
straight line relationship over the operating pressure
range.

Motorola specifies linearity using an “end-point straight line”
method.

Each transducer is laser trimmed to provide the specified
VEss with the supply voltage indicated on the data sheet. For
example, VEgg for the MPX5100 is trimmed to 4.0 V with a
supply voltage of +5.0 Vdc.

For the MPX5100, VOFF = 0.5V with a 5.0 Vdc supply.
Therefore, the output of the sensor varies from 0.5 Vto 4.5V
for differential pressures from 0 kPa to 100 kPa, respectively.
This is ideal for interfacing directly with many linear devices
such as the MC33033 motor controller described in this
application note or the A/D of a microprocessor controlled
system.
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THE CIRCUIT

Figure 5 is a block diagram of a simple pressure regulator
feedback system. The motor/pump is used to fill a reservoir as
required. The pressure created in this reservoir is monitored
with a gauge and fed back to the MPX5100 sensor. The sensor
provides an output voltage to the Motor Drive Circuitry which
is proportional to the monitored pressure.

The Pressure Select Circuitry allows the user to choose a
desired pressure by creating a reference voltage. This
reference voltage is equivalent to the sensor output when the
desired pressure exists in the system. A comparison is made
between the sensor output and the reference voltage. When
the system pressure is below the selected pressure, the motor
is turned on to increase the pressure. When the system
pressure reaches the selected pressure, the motor/pump

PRESSURE turns off. Hysteresis is used to set different trip voltages for
P{“: turn-off and turn-on to allow for noise and pressure
L fluctuations.
For particular applications that only require one fixed
SENSOR | regulated pressure, the Pressure Select Circuitry can be
MotoR reduced to a single voltage reference. Additionally, the Motor
CRESSURE —l_' CIRCUITRY Drive Circuitry can be simplified depending on the application
SELECT RESERVOIR requirements and the motor to be used. Since a +5.0 Vdc
CIRCUITRY supply to the sensor provides an output that is ideal for
interfacing with an A/D converter, this comparison could
. easily be converted to a software function, allowing for a digital
Figure 5. System Block Diagram pressure select input as well as controlling a digital display.
[FSFA D G073
leos
i G vo L
+ C1 N 3 R3 R2
220 D nyyan | 470 470
J_z T ot @
= = = 1/4 MPM3002 114 MPM3002
+—
- 1 =
'w} =
XDCR1 MC33033
MPX5100 R8 & BRUSHLESS
5 —— b3 MOTOR CONTROLLER
2 Sand | 10KS o
— IC1
FWD/REV —or ol < WOTOR ]
[%° W %‘E
il &
1 oo @ Qs
0% &b 1/4 MPM3002
—=r & — Q4
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Figure 6. MPX5100 Pressure Regulator
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DETAILED CIRCUIT DESCRIPTION

The Supply Voltage

Figure 6 is a schematic of the control electronics for this
pressure regulator system. The +12 Vdc supply is used by the
MPM3002 power transistors, the MC33033 motor controller
and the MC34272 operational amplifier. In addition, this
voltage is regulated down to +5.0 Vdc for the sensor supply.

The Pressure Select Circuitry

R11, R12 and R13 provide a variable reference from 0.5 V
to 4.5 V. By adjusting R12, the reference voltage can be set to
the desired pressure turn-off point. The error amplifier internal
to the MC33033, along with R8, R9 and R10, is configured as
a comparator with hysteresis. The sensor output voltage and
the reference voltage are inputs to the comparator and are
used to determine when the motor is turned on or turned off.
When the sensor output is less than the reference voltage the
motor is on. Pressure in the system increases until the sensor
output is equal to the reference voltage plus the hysteresis
voltage then the motor is turned off. If the pressure decreases
while the motor is off, the sensor output will decrease until it
is equal to the reference voltage at which time the motor turns
on.

Hysteresis is set to prevent the motor from turning off and
on due to small voltage variations such as noise or small
pressure fluctuations in the system. The ratio of R10 to both
R8 and R9 can be adjusted to provide the hysteresis required
in a particular application. The resistor values shown in Figure
6 provide a ratio of 300 k€2 to 10 k€. This corresponds to a
hysteresis of 300 mV or 7.5 kPa between the turn-off and
turn-on trip points. The operational amplifier (MC34272) is
used to provide a low impedance output to isolate the divider
network from the comparator circuit.

The Motor Drive Circuitry

In a brush motor drive, the primary function of the controller
IC is to translate speed and direction inputs into appropriate
drive for the power transistors. This can be done efficiently by
using the MC33033 Brushless DC controller as shown in
Figure 6. In a brushless application, two of six output
transistors are switched on in response to Hall sensor inputs
HA, HB and Hg. In order to drive a brush motor, all that is
required is to select a single Hall code that will drive a four
transistor H-bridge in a way that is suitable for brush motors.
By using phase A and phase C outputs, a 1-0-0 Hall code
produces the correct drive for brush motors. AT, BT and Ct are
open collector outputs, therefore, a logic 0 represents the on
state. Conversely, Ag, Bg and Cp are totem pole drivers, and
a logic 1 turns on the corresponding output transistor.

Generating the Hall code is easy. Since it is fixed at 1-0-0,
tying the Hall inputs to DC levels is sufficient. Logic 1 is
obtained from VREF, and logic 0 from ground. The resultis the
connections for pins 4, 5 and 6 that are shown in Figure 6. In
addition to providing drive to the output transistors, the
MC33033 has a current limit function and controls speed by
pulse width modulating the lower output transistors, Q3 and
Q4. The current limit operates on a 100 mV threshold. Once

tripped, it latches the lower transistor drive off until the next
clock cycle begins. The latching feature prevents high
frequency oscillations which would otherwise overheat the
power transistors. Compatibility with SENSEFETs™ is
provided by the 100 mV threshold and allows the lossless
current sensing configuration that is also shown in Figure 6.

For low-power, low-voltage motors, level shifting the
gate-drain for Q1 and Q2, the upper output transistors, is not
a problem. Open collector top-side outputs in the MC33033
interface directly to P-Channel MOSFETs. All that is required
in the way of top-side drive circuitry is gate-to-source resistors
on the P-Channel transistors, such as R2 and R3 in Figure 6.

Since an H-Bridge motor drive uses four power transistors,
a power module can considerably simplify the output stage.
The MPM3002 that is shown as Q1, Q2, Q3 and Q4 in Figure
6 is ideally suited to fractional horsepower motor drives. It
consists of two P-Channel MOSFETs and two N-Channel
SENSEFETs connected in an H-Bridge configuration, and
housed in an isolated 12-pin, single, in-line package. The
P-Channels have a maximum on-resistance of 0.4 ohms, and
the N-Channels 0.15 ohms. All four transistors have 100 V
breakdown ratings.

The MPM3002's P-Channel/N-Channel configuration
makes interfacing to an MC33033 control IC especially easy.
The schematic shows an example. The SENSEFETs are
connected to outputs Ag and Cg through series gate resistors,
and the P-Channels are connected directly to AT and CT and
tied to the +12 V rail through pull-up resistors. If the source
voltage is greater than +12 V, a divider can be used to keep
gate voltage on the P-Channels within reasonable limits.

In the schematic, the mirror outputs of both SENSEFETs are
tied together. They are then fed into the MC33033’s current
limit input through a noise suppression filter consisting of R7
and C3. Since only one SENSEFET is on at any given time,
this connection is a logic wired-OR. It provides overcurrent
protection for both directions of motor rotation, and does not
alter trip points for the individual legs. The trip point is
calculated with the aid of the following expression.

ILIMIT=VSENSE (RSENSE — 'm(0n))/(ra(on)-RSENSE)

Where:
VSENSE is sense voltage
RSENSE is the mirror-to-source sense resistor
rm(on) is mirror-active resistance = 112 ohms
ra(on) is source-active resistance = 0.14 ohms
Since the current limit threshold in the MC33033 is 100 mV,
current limiting will occur when VSENSE reaches 100 mV. For
the circuit in Figure 6, using 100 mV for VSENSE, and with
RSENSE = R6 = 24 ohms then:

ILIMIT =0.1(24 +112)/(0.14-24) = 4.1 Amps
By using SENSEFETSs in the lower half bridge in lieu of a

power sense resistor in series with the motor, about 1/2 watt
(4.1 A-0.1V) of dissipation is saved.
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Figure 7 shows a printed circuit board and component
layout for the electronics portion of this pressure regulator
system, and Table 1 is the corresponding parts list.

System Performance

The entire system draws 4.0 Amps with all but 50 mA used
to drive the motor/pump. The pressure sensor provides a
sensitivity to regulate well within a few kPa. However, most
applications can allow far greater fluctuations in pressure. The
system performance, therefore, depends mostly on the
motor/pump selected and the hysteresis set in the control
circuitry. Using a well-sealed pump will help ensure the motor
turns off when the desired pressure is reached. Many pumps
are designed to leak to prevent over inflation. In this case, the
circuit will turn the motor off until the pressure is reduced,
through leakage, by the designed hysteresis amount, then

PREDEERT s00000000000000000000 turn on and continue cycling to hold the pressure in the desired
. MDTDBEIVFEQH%:fETEEEPIﬁ CAT IONS range
Figure 7c. PCB Solder
Side Artwork
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Table 1. Parts List for Pressure Regulator PC Board

Reference Designator Qty Description Comments
MISCELLANEOUS
1 PC Board See Figure 7
2 Input/Output Terminals PHX CONT #1727036
1 Heat Sink for ICePAK™
4 1/2” nylon standoffs, threaded
6 1/2” nylon screws
2 4-40 nylon nuts
S1 1 switch SS-12SDP2
RESISTORS, FIXED
Comp., £5%, 1/4 W
R1, R4 2 47Q
R2, R3 2 470 Q
R5, R8, R9 3 10 kQ
R6 1 24 Q
R7 1 1kQ
R10 1 300 kQ
R11 1 3900 Q
R13 1 330 Q@
RESISTORS, VARIABLE
R12 1 10 kQ, one turn 3386P-1-103-T
INTEGRATED CIRCUITS
IC1 1 Motor Controller MC33033P
IC2 1 Reference 78L05
IC3 1 Operational Amplifier MC33272P
Q1-Q4 1 Integrated H-Bridge MPM3002
SENSOR
XDCR1 1 MPX5100DP
CAPACITORS
Cc1 1 220 uF, 25V
c2 1 0.005 pF, ceramic, 25 V
C3 1 0.001 pF, ceramic, 25 V
C4 1 1 pF, ceramic, 50 V
C5 1 0.01 pF, ceramic, 25 V

CONCLUSION REFERENCE

This circuit is one example of how the MPX5100 with its 1) Schultz, Warren. “ICs Simplify Brush DC Motor Drives,”
high level output can directly interface with linear systems. It MOTION November 1989.
provides a simple design alternative where pressure
measurement or control is required.
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INTRODUCTION
Compensated semiconductor pressure sensors such as that is directly compatible with Microcomputer A/D inputs. The
the MPX2000 family are relatively easy to interface with digital 0.5 to 4.5 volt range also facilitates interface with an LM3914,
systems. With these sensors and the circuitry described making Bar Graph Pressure Gauges relatively simple.

herein, pressure is translated into a 0.5 to 4.5 volt output range

o bd o
CCC?C

A [
cuuwuyu &

MOTOROLE D(SCRETE APRLICATiONS

Figure 1. DEVB147 Compensated Pressure Sensor Evaluation Board

Pressure Sensor Device Data 5-75

Application Notes



AN1309

EVALUATION BOARD DESCRIPTION

The information required to use evaluation board number
DEVB147 follows, and a discussion of the design appears in
the Design Considerations section.

FUNCTION

The evaluation board shown in Figure 1 is supplied with an
MPX2100DP sensor and provides a 100 kPa full scale
pressure measurement. It has two input ports. P1, the
pressure port, is on the top side of the sensor and P2, a
vacuum port, is on the bottom side. These ports can be
supplied up to 100 kPa (15 psi) of pressure on P1 or up to 100
kPa of vacuum on P2, or a differential pressure up to 100 kPa
between P1 and P2. Any of these sources will produce the
same output.

The primary output is a 10 segment LED bar graph, which
is labeled in increments of 10% of full scale, or 10 kPa with the
MPX2100 sensor. An analog output is also provided. It
nominally supplies 0.5 volts at zero pressure and 4.5 volts at
full scale. Zero and full scale adjustments are made with
potentiometers so labeled at the bottom of the board. Both
adjustments are independent of one another.

ELECTRICAL CHARACTERISTICS

The following electrical characteristics are included as a
guide to operation.

Characteristic Symbol | Min | Typ | Max | Units
Power Supply Voltage B+ 6.8 | — | 13.2 | dc Volts
Full Scale Pressure PEs — | — | 100 kPa
Overpressure Pvax | — | — | 700 kPa
Analog Full Scale VEs — |45 | — Volts
Analog Zero Pressure | VOF | — | 05 | — Volts
Offset
Analog Sensitivity Spour | — | 40 | — | mVikPa
Quiescent Current Icc — | 40 | — mA
Full Scale Current IFs — |160 | — mA

CONTENT

Board contents are described in the parts list shown in Table
1. Aschematic and silk screen plot are shown in Figures 2 and
6. A pin by pin circuit description follows.

PIN-BY-PIN DESCRIPTION

B+:

Input power is supplied at the B+ terminal. Minimum input
voltage is 6.8 volts and maximum is 13.2 volts. The upper limit
is based upon power dissipation in the LM3914 assuming all
10 LED’s are lit and ambient temperature is 25°C. The board
will survive input transients up to 25 volts provided that
average power dissipation in the LM3914 does not exceed 1.3
watts.

OUT:

An analog output is supplied at the OUT terminal. The signal
it provides is nominally 0.5 volts at zero pressure and 4.5 volts
at full scale. Zero pressure voltage is adjustable and set with
R11. This output is designed to be directly connected to a
microcomputer A/D channel, such as one of the E ports on an
MC68HC11.

GND:

There are two ground connections. The ground terminal on
the left side of the board is intended for use as the power
supply return. On the right side of the board one of the test
point terminals is also connected to ground. It provides a
convenient place to connect instrumentation grounds.

TP1:

Test point 1 is connected to the LM3914’s full scale
reference voltage which sets the trip point for the uppermost
LED segment. This voltage is adjusted via R1 to set full scale
pressure.

TP2:

Test point 2 is connected to the +5.0 volt regulator output.
It can be used to verify that supply voltage is within its 4.75 to
5.25 volt tolerance.

P1, P2:

Pressure and Vacuum ports P1 & P2 protrude from the
sensor on the right side of the board. Pressure port P1 is on
the top and vacuum port P2 is on the bottom. Neither port is
labeled. Maximum safe pressure is 700 kPa.
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DESIGN CONSIDERATIONS

In this type of application the design challenge is how to take
a relatively small DC coupled differential signal and produce
a ground referenced output that is suitable for driving
microcomputer A/D inputs. A user friendly interface circuit that
will do this job is shown in Figure 3. It uses one quad op amp
and several resistors to amplify and level shift the sensor’s
output. Most of the amplification is done in U2D which is
configured as a differential amplifier. It is isolated from the
sensor’s positive output by U2B. The purpose of U2B is to
prevent feedback current that flows through R3 & R4 from
flowing into the sensor. At zero pressure the voltage from pin
2 to pin 4 on the sensor is zero volts. For example with the
common mode voltage at 2.5 volts, the zero pressure output
voltage at pin 14 of U2D is then 2.5 volts, since any other
voltage would be coupled back to pin 13 via R3 and create a
nonzero bias across U2D’s differential inputs. This 2.5 volt
zero pressure DC output voltage is then level translated to the
desired zero pressure offset voltage (VOFFSET) by U2C and
U2A. To see how the level translation works, assume 0.5 volts
at (VOFFSET)- With2.5 volts atpin 10, pin 9is also at2.5 volts.
This leaves 2.5 — 0.5 = 2.0 volts across R7. Since no current
flows into pin 9, the same current flows through R, producing
2.0 volts across R6 also. Adding the voltages (0.5 + 2.0 +2.0)
yields 4.5 volts at pin 8. Similarly 2.5 volts at pin 3 implies 2.5
volts at pin 2, and the drop across R2is 45V -25V =20
volts. Again 2.0 volts across R2 implies an equal drop across
R1, and the voltage at pin 1is 2.5 V—2.0 V = 0.5 volts. For this
DC output voltage to be independent of the sensor’s common
mode voltage it is necessary to satisfy the condition that
R6/R7 = R2/R1.

Gain is close but not exactly equal to R3/R4(R1/R2+1),
which predicts 200.0 for the values shown in Figure 3. A more
exact calculation can be performed by doing a nodal analysis,
which yields 199.9. Cascading the gains of U2D and U2A

using standard op amp gain equations does not give an exact
result, because the sensor’s negative going differential signal
at pin 4 subtracts from the DC level that is amplified by U2A.

The resulting 0.5 V to 4.5 V output from U2A is directly
compatible with microprocessor A/D inputs. Tying this output
to an LM3914 for a bar graph readout is also very straight
forward. The block diagram that appears in Figure 4 shows the
LM3914’s internal architecture. Since the lower resistor in the
input comparator chain is pinned out at R Q, it is a simple
matter to tie this pin to a voltage that is approximately equal
to the interface circuit’s 0.5 volt zero pressure output voltage.
In Figure 2, this is accomplished by dividing down the 5.0 volt
regulator’s output voltage through R13 and adjustment pot
R11. The voltage generated at R11’s wiper is the offset voltage
identified as VOFFSET in Figure 3. Its source impedance is
chosen to keep the total input impedance to U3C at
approximately 1K. The wiper of R11 is also fed into RO for
zeroing the bar graph. .

The full scale measurement is set by adjusting the upper
comparator’s reference voltage to match the sensor’s output
at full pressure. An internal regulator on the LM3914 sets this
voltage with the aid of resistors R2, R3, and adjustment pot R1
that are shown in Figure 2.

Five volt regulated power is supplied by an MC78L05. The
LED’s are powered directly from LM3914 outputs, which are
set up as current sources. Output current to each LED is
approximately 10 times the reference current that flows from
pin 7 through R3, R1, and R2 to ground. In this design it is
nominally (4.5 V/4.9K)10 = 9.2 mA.

Over a zero to 50°C temperature range combined accuracy
for the sensor, interface and driver IC are +/— 10%. Given a
10 segment display total accuracy for the bar graph readout
is approximately +/— (10 kPa +10%).

APPLICATION

Using the analog output to provide pressure information to
a microcomputer is very straightforward. The output voltage
range, which goes from 0.5 volts at zero pressure to 4.5 volts
at full scale, is designed to make optimum use of
microcomputer A/D inputs. A direct connection from the
evaluation board analog output to an A/D input is all that is

required. Using the MC68HC11 as an example, the output is
connected to any of the E ports, such as port EO as shown in
Figure 5. To get maximum accuracy from the A/D conversion,
VREFH is tied to 4.85 volts and VREFL is tied to 0.3 volts by
dividing down a 5.0 volt reference with 1% resistors.

CONCLUSION

Perhaps the most noteworthy aspect to the bar graph
pressure gauge described here is the ease with which it can
be designed. The interface between an MPX2000 series
sensor and LM3914 bar graph display driver consists of one

quad op amp and a few resistors. The result is a simple and
inexpensive circuit that is capable of measuring pressure,
vacuum, or differential pressure with an output that is directly
compatible to a microprocessor.
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Table 2. Parts List

Designator Qty. Description Value Vendor Part
C1 1 Ceramic Capacitor 1.0 uF
c2 1 Ceramic Capacitor 0.1 uF
D1-D10 1 Bar Graph LED Gl MV57164
D11 1 LED c]] MV57124A
R2 1 1/4 Watt Film Resistor 2.7K
R3 1 1/4 Watt Film Resistor 1.2K
R4, R5, R9, R13 4 1/4 Watt Film Resistor 1.0K
R6 1 1/4 Watt Film Resistor 7.5K
R7, R8 2 1/4 Watt Film Resistor 75
R10 1 1/4 Watt Film Resistor 820
R12, R14 2 1/4 Watt Film Resistor 470
R1 1 Trimpot 1.0K Bourns 3386P-1-102
R11 1 Trimpot 200 Bourns 3386P-1-201
St 1 Switch NKK 12SDP2
U1 1 5.0 V Regulator Motorola MC78L0O5ACP
u2 1 Bar Graph IC National LM3914N
u3 1 Op Amp Motorola MC33274P
XDCR1 1 Pressure Sensor Motorola MPX2100DP
— 1 Terminal Block Augat 25V03
— 1 Test Point Terminal (Black) Components Corp. | TP1040100
— 1 Test Point Terminal (Red) Components Corp. | TP1040102
— 1 Test Point Terminal (Yellow) Components Corp. | TP1040104
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An Evaluation System Interfacing
The MPX2000 Series Pressure Sensors

To A Microprocessor

Prepared by: Bill Lucas
Discrete Applications Engineering

INTRODUCTION

Outputs from compensated and calibrated semiconductor
pressure sensors such as the MPX2000 series devices are
easily amplified and interfaced to a microprocessor. Design
considerations and the description of an evaluation board
using a simple analog interface connected to a
microprocessor is presented here.

PURPOSE

The evaluation system shown in Figure 1 shows the ease
of operating and interfacing the MOTOROLA MPX2000 series
pressure sensors to a quad operational amplifier, which
amplifies the sensor’s output to an acceptable level for an
analog-to-digital converter. The output of the op amp is
connected to the A/D converter of the microprocessor and that
analog value is then converted to engineering units and
displayed on a liquid crystal display (LCD). This system may

be used to evaluate any of the MPX2000 series pressure
sensors for your specific application.

DESCRIPTION

The DEVB158 evaluation system is constructed on a small
printed circuit board. Designed to be powered from a 12 Vdc
power supply, the system will display the pressure applied to
the MPX2000 series sensor in pounds per square inch (PSI)
on the liquid crystal display. Table 1 shows the pressure
sensors that may be used with the system and the pressure
range associated with that particular sensor as well as the
jumper configuration required to support that sensor. These
jumpers are installed at assembly time to correspond with the
supplied sensor. Should the user chose to evaluate a different
sensor other than that supplied with the board, the jumpers
must be changed to correspond to Table 1 for the new sensor.
The displayed pressure is scaled to the full scale (PSl) range
of the installed pressure sensor. No potentiometers are used
in the system to adjust its span and offset. This function is
performed by software.

Figure 1. DEVB158 2000 Series LCD Pressure Gauge EVB
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Table 1
Input Pressure Jumpers
Sensor Type PSI J8 J3 J2 J1
MPX2010 0-1.5 IN IN IN IN
MPX2050 0-7.5 OuT | IN IN | OuUT
MPX2100 0-15.0 OUT | IN |OUT | IN
MPX2200 0-30 OUT | IN | OUT | OuT
MPX2700 0-100 OUT [OUT | IN IN

The signal conditioned sensor’s zero pressure offset
voltage with no pressure applied to the sensor is empirically
computed each time power is applied to the system and stored
in RAM. The sensitivity of the MPX2000 series pressure
sensors is quite repeatable from unit to unit. There is a facility
for a small adjustment of the slope constant built into the
program. Itis accomplished via jumpers J4 thru J7, and will be
explained in the OPERATION section.

Figure 2 shows the printed circuit silkscreen and Figures 3A
and 3B show the schematic for the system.
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Figure 2. Printed Circuit Silkscreen
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The analog section of the system can be broken down into
two subsections. These sections are the power supply and the
amplification section. The power supply section consists of a
diode, used to protect the system from input voltage reversal,
and two fixed voltage regulators. The 5 volt regulator (U3) is
used to power the microprocessor and display. The 8 volt
regulator (U4) is used to power the pressure sensor, voltage
references and a voltage offset source.

The microprocessor section (U5) requires minimal support
hardware to function. The MC34064P-5 (U2) provides an
under voltage sense function and is used to reset the
microprocessor at system power-up. The 4.0 MHz crystal (Y1)
provides the external portion of the oscillator function for
clocking the microprocessor and providing a stable base for
timing functions.

Table 2. Parts List

Designators Quant. Description Rating Manufacturer Part Number
C3,C4,C6 3 .1 pF Ceramic Cap. 50 Vdc Sprague 1C105Z5U104M050B
C1,C2,C5 3 1 uF Ceramic Cap. 50 Vdc muRATA ERIE RPE123Z5U105M050V
C7,C8 2 22 pF Ceramic Cap. 100 Vde Mepco/Centralab CN15A220K
J1-J3, J8 30R4 #22 or #24 AWG Tined Copper As Required
Ja-J7 1 Dual Row Straight 4 Pos. AMP 87227-2

Arranged On .1” Grid
LCD1 1 Liquid Crystal Display IEE LCD5657
P1 1 Power Connector Phoenix Contact MKDS 1/2-3.81
R1 1 6.98K Ohm resistor 1%
R2 1 121 Ohm Resistor 1%
R3 1 200 Ohm Resistor 1%
R4, R11 2 4.7K Ohm Resistor
R7 1 340 Ohm Resistor 1%
R5, R6 2 2.0K Ohm Resistor 1%
R8 1 23.7 Ohm Resistor 1%
R9 1 976 Ohm Resistor 1%
R10 1 1K Ohm Resistor 1%
R12 1 3.32K Ohm Resistor 1%
R13 1 4.53K Ohm Resistor 1%
R14 1 402 Ohm Resistor 1%
R15 1 10 Meg Ohm Resistor
RP1 1 47K Ohm x 7 SIP Resistor 2% CTs 770 Series
TP1 1 Test Point Red Components Corp. TP-104-01-02
U1t 1 Quad Operational Amplifier Motorola MC33274P
U2 1 Under Voltage Detector Motorola MC34064P-5
U3 1 5 Volt Fixed Voltage Regulator Motorola MC78LO5ACP
U4 1 8 Volt Fixed Voltage Regulator Motorola MC78LO8SACP
uUs 1 Microprocessor Motorola MC68HC705B5FN or
Motorola XC68HC705B5FN
XDCR 1 Pressure Sensor Motorola MPX2xxxDP
Y1 1 Crystal (Low Profile) 4.0 MHz CTS ATS040SLV
No Designator 1 52 Pin PLCC Socket for U5 AMP. 821-575-1
No Designator 4 Jumpers For J4 thru J7 Molex 15-29-1025
No Designator 1 Bare Printed Circuit Board
No Designator 4 Self Sticking Feet Fastex 5033-01-00-5001

Note: All resistors are 1/4 W resistors with a tolerance of 5% unless otherwise noted.
All capacitors are 100 volt, ceramic capacitors with a tolerance of 10% unless otherwise noted.
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OPERATIONAL CHARACTERISTICS

The following operational characteristics are included as a

guide to operation.

PIN BY PIN DESCRIPTION

+12:
Input power is supplied at the +12 terminal. The minimum
operating voltage is 10.75 Vdc and the maximum operating

Characteristic Symbol | Min | Max | Unit voltage is 16 Vdc.
ly Vol .
Power Supply Voltage +12 10.75 16 Volts GND:
Operating Current lcc 75 mA The ground terminal is the power supply return for the system.
Full Scale Pressure Pfs
MPX2010 1.5 PSI TP1:
MPX2050 7.5 PSI Test point 1 is connected to the final op amp stage. It is the
MPX2100 15 PSI voltage that is applied to the microprocessor’s A/D converter.
MPX2200 30 PSI
MPX2700 100 PSI There are two ports on the pressure sensor located at the
bottom center of the printed circuit board. The pressure port
is on the top left and the vacuum port is on the bottom right of
the sensor.
J8 1S INSTALLED FOR w5V
THE MPX2010 ONLY 45V
+5V
+8 U2Zr 47K2 R11
MC33274  {Ng14 +IN
10 47K D2 ouT
2 3 ! 0 8 PDO MC34064P-5 CPU_RESET
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Figure 3a. Schematic
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OPERATION

Connect the system to a 12 Vdc regulated power supply.
(Note the polarity marked on the power terminal P1.)
Depending on the particular pressure sensor being used with
the system, wire jumpers J1 through J3 and J8 must be
installed at board assembly time. If at some later time it is
desirable to change the type of sensor that is installed on the
board, jumpers J1 through J3 and J8, must be reconfigured for
the system to function properly (see Table 1). If an invalid J1
through J3 jumper combination (i.e., not listed in Table 1) is
used the LCD will display “SE” to indicate that condition.
These jumpers are read by the software and are used to
determine which sensor is installed on the board. Wire jumper
J8 is installed only when an MPX2010DP pressure sensor is
used on the system. The purpose of wire jumper J8 will be
explained later in the text. Jumpers J4 through J7 are read by
the software to allow the user to adjust the slope constant used
for the engineering units calculation (see Table 3). The
pressure and vacuum ports on the sensor must be left open
to atmosphere anytime the board is powered-up. This is
because the zero pressure offset voltage is computed at
power-up.

When you apply power to the system, the LCD will display
CAL for approximately 5 seconds. After that time, pressure or
vacuum may be applied to the sensor. The system will then
start displaying the applied pressure in PSI.

Table 3

J7 | J6 J5 J4 ) Action

IN IN IN IN | Normal Slope

IN IN IN |OUT | Decrease the Slope Approximately 7%

IN IN |OUT | IN [ Decrease the Slope Approximately 6%

IN IN |OUT [OUT | Decrease the Slope Approximately 5%

IN JOUT | IN IN | Decrease the Slope Approximately 4%

IN fOUT | IN [OUT | Decrease the Slope Approximately 3%

IN {OUT [OUT | IN | Decrease the Slope Approximately 2%

IN [OUT [OUT |OUT | Decrease the Siope Approximaiely 1%
OUT | IN IN IN | Increase the Slope Approximately 1%
OUT | IN IN JOUT | Increase the Slope Approximately 2%
OUT [ IN |OUT | IN [Increase the Slope Approximately 3%
OUT [ IN JOUT |OUT | Increase the Slope Approximately 4%
OUT |OUT | IN IN | Increase the Slope Approximately 5%
OUT |OUT [ IN |OUT | Increase the Slope Approximately 6%
OUT |OUT [OUT | IN |Increase the Slope Approximately 7%
OUT [OUT |OUT |OUT | Normal Slope

To improve the accuracy of the system, you can change the
constant used by the program that determines the span of the
sensor and amplifier. You will need an accurate test gauge
(using PSI as the reference) to measure the pressure applied
to the sensor. Anytime after the display has completed the
zero calculation, (after CAL is no longer displayed) apply the
sensor’s full scale pressure (see Table 1), to the sensor. Make
sure that jumpers J4 through J7 are in the “normal”
configuration (see Table 3). Referring to Table 3, you can
better “calibrate” the system by changing the configuration of
J4 through J7. To “calibrate” the system, compare the display
reading against that of the test gauge (with J4 through J7 inthe

“normal slope” configuration). Change the configuration of J4
through J7 according to Table 3 to obtain the best results. The
calibration jumpers may be changed while the system is
powered up as they are read by the software before each
display update.

DESIGN CONSIDERATIONS

To build a system that will show how to interface an
MPX2000 series pressure sensor to a microprocessor, there
are two main challenges. The first is to take a small differential
signal produced by the sensor and produce a ground
referenced signal of sufficient amplitude to drive a
microprocessor’'s A/D input. The second challenge is to
understand the microprocessor’'s operation and to write
software that makes the system function.

From a hardware point of view, the microprocessor portion
of the system is straight forward. The microprocessor needs
power, a clock source (crystal Y1, two capacitors and a
resistor), and a reset signal to make it function. As for the A/D
converter, external references are required to make it function.
In this case, the power source for the sensor is divided to
produce the voltage references for the A/D converter.
Accurate results will be achieved since the output from the
sensor and the A/D references are ratiometric to its power
supply voltage.

The liquid crystal display is driven by Port A, B and C of the
microprocessor. There are enough I/O lines on these ports to
provide drive for three full digits, the backplane and two
decimal points. Software routines provide the AC waveform
necessary to drive the display.

The analog portion of the system consists of the pressure
sensor, a quad operational amplifier and the voltage
references for the microprocessor’s A/D converter and signal
conditioning circuitry. Figure 4 shows an interface circuit that
will provide a single ended signal with sufficient amplitude to
drive the microprocessor’'s A/D input. It uses a guad
operational amplifier and several resistors to amplify and level
shift the sensor’s output. Itis necessary to level shift the output
from the final amplifier into the A/D. Using single power
supplied op amps, the VGE saturation of the output from an op
amp cannot be guaranteed to pull down to zero volts. The
analog design shown here will provide a signal to the A/D
converter with a span of approximately 4 volts when zero to
full-scale pressure is applied to the sensor. The final
amplifier’s output is level shifted to approximately 0.7 volts.
This will provide a signal that will swing between
approximately 0.7 volts and 4.7 volts. The offset of 0.7 volts in
this implementation does not have to be trimmed to an exact
point. The software will sample the voltage applied to the A/D
converter atinitial power up time and call that value “zero”. The
important thing to remember is that the span of the signal will
be approximately 4 volts when zero to full scale pressure is
applied to the sensor. The 4 volt swing in signal may vary
slightly from sensor to sensor and can also vary due to resistor
tolerances in the analog circuitry. Jumpers J4 through J7 may
be placed in various configurations to compensate for these
variations (see Table 3).
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J8 1S INSTALLED FOR
THE MPX2010 ONLY

5V

MC33274
10 8
9

1N914
4.7K

R4

D2
PDO

——o TP1

Figure 4. Analog Interface

Referring to Figure 4, most of the amplification of the voltage
from the pressure sensor is provided by U1A which is
configured as a differential amplifier. U1B serves as a unity
gain buffer in order to keep any current that flows through R2
(and R3) from being fed back into the sensor’s negative
output. With zero pressure applied to the sensor, the
differential voltage from pin 2 to pin 4 of the sensor is zero or
very close to zero volts. The common mode, or the voltage
measured between pins 2 or 4 to ground, is equal to
approximately one half of the voltage applied to the sensor, or
4 volts. The zero pressure output voltage at pin 7 of U1A will
then be 4 volts because pin 1 of U1B is also at 4 volts, creating
a zero bias between pins 5 and 6 of U1A. The four volt zero
pressure output will then be level shifted to the desired zero
pressure offset voltage (approximately 0.7 volts) by U1C and
uU1D.

To further explain the operation of the level shifting circuitry,
refer again to Figure 4. Assuming zero pressure is applied to
the sensor and the common mode voltage from the sensor is
4 volts, the voltage applied to pin 12 of U1D will be 4 volts,
implying pin 13 will be at 4 volts. The gain of amplifier U1D will
be (R10/(R8+R9)) +1 or a gain of 2. R7 willinject a Vpfiset (0.7
volts) into amplifier U1D, thus causing the output at U1D pin
14tobe 7.3 = (4 volts @ U1D pin 12 X 2) —0.7 volts. The gain
of U1C is also set at 2 ((R5/R6)+1). With 4 volts applied to pin
10 of U1C, its output at U1C pin 8 will be 0.7 = ((4 volts @ U1C
pin 10 X 2) — 7.3 volts). For this scheme to work properly,
amplifiers U1C and U1D must have a gain of 2 and the output
of U1D must be shifted down by the Vpifset provided by R7. In
this system, the 0.7 volts Vpffset Was arbitrarily picked and
could have been any voltage greater than the Vgat of the op
amp being used. The system software will take in account any
variations of Vpffset as itassumes no pressure is applied to the

sensor at system power up.

The gain of the analog circuit is approximately 117. With the
values shown in Figure 4, the gain of 117 will provide a span
of approximately 4 volts on U1C pin 8 when the pressure
sensor and the 8 volt fixed voltage regulator are at their
maximum output voltage tolerance. All of the sensors listed in
Table 1 with the exception of the MPX2010DP output
approximately 33 mV when full scale pressure is applied.
When the MPX2010DP sensor is used, its full scale sensor
differential output is approximately 20 mV. J8 must be installed
to increase the gain of the analog circuit to still provide the 4
volts span out of U1C pin 8 with a 20 mV differential from the
Sensor.

Diode D2 is used to protect the microprocessor’s A/D input
if the output from U1C exceeds 5.6 volts. R4 is used to provide
current limiting into D4 under failure or overvoltage conditions.

SOFTWARE

The source code, compiled listing, and S-record output for
the software used in this system are available on the Motorola
Freeware Bulletin Board Service in the MCU directory under
the filename DEVB158.ARC. To access the bulletin board,
you must have a telephone line, a 300, 1200 or 2400 baud
modem and a personal computer. The modem must be
compatible with the Bell 212A standard. Call (512) 891-3733
to access the Bulletin Board Service.

Figure 5 is a flowchart for the program that controls the
system. The software for the system consists of a number of
modules. Their functions provide the capability for system
calibration as well as displaying the pressure input to the
MPX2000 series pressure sensor.
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TIMER
INTERRUPT

SERVICE TIMER REGISTERS
SETUP COUNTER FOR NEXT INTERRUPT
SERVICE LIQUID CRYSTAL DISPLAY

RETURN

START

INITIALIZE DISPLAY 1/O PORTS
INITIALIZE TIMER REGISTERS
DETERMINE SENSOR TYPE
ENABLE INTERRUPTS

COMPUTE SLOPE CONSTANT |e————

|

ACCUMULATE 100 A/D CONVERSIONS
COMPUTE INPUT PRESSURE
CONVERT TO DECIMAL/SEGMENT DATA
PLACE IN RESULT OUTPUT BUFFER

Figure 5. DEVB-158 Software Flowchart

The “C” compiler used in this project was provided by BYTE
CRAFTLTD. (519) 888-6911. A compiler listing of the program
is included at the end of this document. The following is a brief
explanation of the routines:
delay() Used to provide a software loop delay.

read_a2d() Performs 100 reads on the A/D converter on
multiplexer channel 0 and returns the accumulation.

fixcompare() Services the internal timer for 15 ms. timer
compare interrupts.

TIMERCMP() Alternates the data and backplane inputs to
the liquid crystal display.

initio() Sets up the microprocessor’s I/O ports, timer and
enables processor interrupts.

adzero() This routine is called at powerup time. It delays
to let the power supply and the transducer stabilize. It then
calls ‘read_atod()’ and saves the returned value as the
sensors output voltage with zero pressure applied.

cvt_bin_dec(unsigned long arg) This routine converts the
unsigned binary argument passed in ‘arg’ to a five digit
decimal number in an array called ‘digit’. It then uses the
decimal results for each digit as an index into a table that
converts the decimal number into a segment pattern for
the display. This is then output to the display.

display_psi() This routine is called from ‘main()’ never to
return. The A/D converter routine is called, the pressure
is calculated based on the type sensor detected and the
pressure applied to the sensor is displayed. The loop
then repeats.

sensor_type() This routine determines the type of sensor
from reading J1 to J3, setting the full scale pressure for
that particular sensor in a variable for use by display_psi().

sensor_slope() This routine determines the slope constant
to be used by display_psi() for engineering units output.

main() This is the main routine called from reset. It calls
‘initio()’ to setup the system’s I/O. ‘display_psi()’ is called
to compute and display the pressure applied to the
sensor.
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#pragma option £0;

/*

THE FOLLOWING

PAGE 1

‘C’ SOURCE CODE IS WRITTEN FOR THE DEVB158 EVALUATION
BOARD. IT WAS COMPILED WITH A COMPILER COURTESY OF:

BYTE CRAFT LTD.
421 KING ST.
WATERLOO, ONTARIO
CANADA N2J 4E4
(519)888-6911

SOME SOURCE CODE CHANGES MAY BE NECESSARY FOR COMPILATION WITH OTHER
COMPILERS.

Revision history
rev. 1.0 initial release 3/19/92
rev. 1.1 added additional decimal digit to the MPX2010 sensor. Originally
resolved the output to .1 PSI. Modified cvt_bin_dec to output PSI resolved
to .01 PSI. WLL 9/25/92

BILL LUCAS 2/5/92
MOTOROLA, SPS

*/
0800 1700 #pragma memory ROMPROG ([5888] @ 0x0800 ;
0050 0096 #pragma memory RAMPAGEO [150] @ 0x0050 ;

/* Vector assignments */
1FFE #pragma vector __RESET @ Oxlffe ;
1FFC #pragma vector __ SWI @ Ooxlffc ;
1FFA #pragma vector IRQ @ Ooxlffa ;
1FF8 #pragma vector TIMERCAP @ Ox1ff8 ;
1FF6 #pragma vector TIMERCMP @ Ox1ff6 ;
1FF4 #pragma vector TIMEROV @ 0x1ff4 ;
1FF2 #pragma vector SCI @ O0x1ff2 ;

#pragma has STOP ;

#pragma has WAIT ;

#pragma has MUL ;

/* Register assignments for the 68HC705B5 microcontroller */
0000 #pragma portrw porta @ 0x00; /* */
0001 #pragma portrw portb @ 0x01; /* */
0002 #pragma portrw portc @ 0x02; /* */
0003 #pragma portrw portd @ 0x03; /* in ,- .88 ,SCK ,MOSI ,MISO,TxD,RxD */
0004 #pragma portrw ddra @ 0x04; /* Data direction, Port A */
0005 #pragma portrw ddrb @ 0x05; /* Data direction, Port B * /o
0006 #pragma portrw ddrc @ 0x06; /* Data direction, Port C (all output) */
0007 #pragma portrw eeclk @ 0x07; /* eeprom/eclk cntl */
0008 #pragma portrw addata @ 0x08; /* a/d data register */
0009 #pragma portrw adstat @ 0x09; /* a/d stat/control */
000A #pragma portrw plma @ 0x0a; /* pulse length modulation a */
000B #pragma portrw plmb @ 0x0b; /* pulse length modulation b */
oooc #pragma portrw misc @ 0x0c; /* miscellaneous register */
000D #pragma portrw scibaud @ 0x0d; /* sci baud rate register */
000E #pragma portrw scicntll @ OxOe; /* sci control 1 */
000F #pragma portrw scicntl2 @ 0x0f; /* sci control 2 */
0010 #pragma portrw scistat @ 0x10; /* sci status reg */
0011 #pragma portrw scidata @ 0x11; /* SCI Data */
0012 #pragma portrw tcr @ 0x12; /* ICIE,OCIE,TOIE,0;0,0,IEGE,OLVL */
0013 #pragma portrw tsr @ 0x13; /* ICF,OCF,TOF,0; 0,0,0,0 */
0014 #pragma portrw icaphil @ 0x14; /* Input Capture Reg (Hi-0x14, Lo-0x15) */
0015 #pragma portrw icaplol @ 0x15; /* Input Capture Reg (Hi-0x14, Lo-0x15) */
0016 #pragma portrw ocmphil @ 0x16; /* Output Compare Reg (Hi-0x16, Lo-0x17) */
0017 #pragma portrw ocmplol @ 0x17; /* Output Compare Reg (Hi-0x16, Lo-0x17) */
0018 #pragma portrw tcnthi @ 0x18; /* Timer Count Reg (Hi-0x18, Lo-0x19) */
0019 #pragma portrw tcntlo @ 0x19; /* Timer Count Reg (Hi-0x18, Lo-0x19) */
001A #pragma portrw aregnthi @ 0x1A; /* Alternate Count Reg (Hi-$1A, Lo-$1B) */
001B #pragma portrw aregntlo @ 0x1B; /* Alternate Count Reg (Hi-$1A, Lo-$1B) */
001c #pragma portrw icaphi2 @ 0xlc; /* Input Capture Reg (Hi-Oxlc, Lo-0x1d) */
001D #pragma portrw icaplo2 @ 0x1d; /* Input Capture Reg (Hi-Oxlc, Lo-0x1d) */
001E #pragma portrw ocmphi2 @ Oxle; /* Output Compare Reg (Hi-Oxle, Lo-0x1f) */
001F #pragma portrw ocmplo2 @ 0x1f; /* Output Compare Reg (Hi-Oxle, Lo-0x1f) */
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0800

0809

080A

0050

0812
081B

08ic
0825
082E
0837
0000
0055
0059
0058

005C

005E
0060

0061

0065

0066

0068
006C
0070

0074
0078
007¢C

0080
0084
ooss

FC 30 DA 7A 36 6E E6 38 FE
3E

27 10 03 E8 00 64 00 0A

0005

00 96 00 4B 00 96 00 1E 00
67

01 C2 01 A2 01 A7 01 AB 01
BO 01 B4 01 B9 01 BD 01 C6
01 CB 01 CF 01 D4 01 D8 01
DD 01 E1 01 c2

0063

0002

0004
0004
0004

0004
0004
0004

0004
0004
0004

AN1315

#pragma mor @ Oxlefe = 0x74; /* this disables the watchdog counter and does

not add pull-down resistors on ports B and C */

/* put constants and variables here...they must be global */
/ * B L L L L L ST T T T T T TR T )

const char lcdtab[]l={0xfc, 0x30,0xda, 0x7a,0x36,0x6e, 0xe6,0x38, 0xfe, 0x3e };
/* lcd pattern table 0 1 2 3 4 5 6 7 8 9 */

const long dectable[] = { 10000, 1000, 100, 10 };

unsigned int digit([5]; /* buffer to hold results from cvt_bin_dec function */

const long type[] = { 150, 75, 150, 30, 103 };:
/* MPX2010 MPX2050 MPX2100 MPX2200 MPX2700
The table above will cause the final results of the pressure to
engineering units to display the 1.5, 7.3 and 15.0 devices with a
decimal place in the tens position. The 30 and 103 psi devices will
display in integer units.

*/

const long slope_const[]l={ 450,418,423,427,432,436,441,445,454,459,
463,468,472,477,481,450 };

registera areg; /* processor’s A register */

long atodtemp; /* temp to accumulate 100 a/d readings for smoothing */
long slope; /* multiplier for adc to engineering units conversion */
int adcnt; /* a/d converter loop counter */
long xdcr_offset; /* initial xdcr offset */

installed sensor based on J1..J3 */
determine the location of the decimal pt. */

long sensor_model; /*
int sensor_index; /*

unsigned long i,j; /* counter for loops */

unsigned int k; /* misc variable */
struct bothbytes
{ int hi;
int lo;

union isboth
{ long 1;
struct bothbytes b;
}i

union isboth q; /* used for timer set-up */

[ R R R R R R R R R R R R R AR R R KRR R R R Rk Rk k)

/* variables for add32 */
unsigned long SUM[2]; VAd
unsigned long ADDEND[2]; /*
unsigned long AUGEND[2]; /*

result */
one input */
second input */

/* variables for sub32 */

unsigned long MINUE[2]; /* minuend */
unsigned long SUBTRA[2]; /* subtrahend */
unsigned long DIFF[2]; /* difference */

/* variables for mul32 */
unsigned long MULTP[2]; /*
unsigned long MTEMP[2]; /*
unsigned long MULCAN([2]; /*

multiplier */
high order 4 bytes at return */
multiplicand at input, low 4 bytes at return */
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008c
0090
0094
0098

083C
083E
0840
0842
0844
0846
0848
084a
084cC
084E
0850
0852
0854

0855

0856
0858
085A
085C
085E
0860
0862
0864
0866
0868
086A
086C
086E

086F

0004
0004
0004

6F
73
6B
6E
72
6A
6D
71
69
6C
70
68

77
7B
TF
76
7A
TE
75

7D
74
78
7c

RTS

RTS

R

* Ok Rk Ok Ok k%

* Ok ok ok *

AN1315

/* variables for div32 */

unsigned long DVDND[2]; /* Dividend */
unsigned long DVSOR[2]; /* Divisor */
unsigned long QUO[2]; /* Quotient */
unsigned int CNT; /* Loop counter */

/* The code starts here */

A T

void add32()

{
#asm

Add two 32-bit values.
Inputs:
ADDEND: ADDE:!
AUGEND: AUGE!
Output:
SUM: SUM[0..3] HIGH ORDER BYTE IS SUM+0

ND[0..3] HIGH ORDER BYTE IS ADDEND+0
ND[0..3] HIGH ORDER BYTE IS AUGEND+0

LDA ADDEND+3
ADD AUGEND+3
STA SUM+3
LDA ADDEND+2
ADC AUGEND+2
STA SUM+2
LDA ADDEND+1
ADC AUGEND+1
STA SUM+1
LDA ADDEND
ADC AUGEND
STA SUM
RTS

#endasm

}

low byte

medium low byte
medium high byte
high byte

done

void sub32()

{
#asm

*
Subtract two 32-bit values.
Input:

Minuend: MINUE[O..3]

Subtrahend: SUBTRA[O..3]
Output:
Difference: DIFF[1..0]
*

LDA MINUE+3 low byte
SUB SUBTRA+3
STA DIFF+3
LDA MINUE+2 medium low byte
SBC SUBTRA+2
STA DIFF+2
LDA MINUE+1 medium high byte
SBC SUBTRA+1
STA DIFF+1
LDA MINUE high byte
SBC SUBTRA
STA DIFF
RTS done

#endasm

}

void mul32()

{

#asm

Multiply 32-bit value by a 32-bit value

Input:
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* Multiplier: MULTP[0..3]
* Multiplicand: MULCAN[O..3]
* Output:
* Product : MTEMP[0..3] AND MULCAN([O..3] MTEMP[0] IS THE HIGH
* ORDER BYTE AND MULCAN([3] IS THE LOW ORDER BYTE
*
* THIS ROUTINE DOES NOT USE THE MUL INSTRUCTION FOR THE SAKE OF USERS NOT
* USING THE HC(7)05 SERIES PROCESSORS.
* *
*
*
0870 AE 20 LDX #32 loop counter
0872 3F 84 CLR MTEMP clean-up for result
0874 3F 85 CLR MTEMP+1 *
0876 3F 86 CLR MTEMP+2 *
0878 3F 87 CLR MTEMP+3 A
087A 36 88 ROR MULCAN low but to carry, the rest one to the right
087C 36 89 ROR MULCAN+1 *
087E 36 8A ROR MULCAN+2 *
0880 36 8B ROR MULCAN+3 *
0882 24 18 MNEXT BCC ROTATE if carry is set, do the add
0884 B6 87 LDA MTEMP+3 *
0886 BB 83 ADD MULTP+3 *
0888 B7 87 STA MTEMP+3 *
088A B6 86 LDA MTEMP+2 *
088C B9 82 ADC MULTP+2 *
088E B7 86 STA MTEMP+2 *
0890 B6 85 LDA MTEMP+1 *
0892 B9 81 ADC MULTP+1 *
0894 B7 85 STA MTEMP+1 *
0896 B6 84 LDA MTEMP *
0898 B9 80 ADC MULTP *
089A B7 84 STA MTEMP *
089C 36 84 ROTATE ROR MTEMP else: shift low bit to carry, the rest to the right
089E 36 85 ROR MTEMP+1 *
08AO0 36 86 ROR MTEMP+2
08A2 36 87 ROR MTEMP+3 *
08A4 36 88 ROR MULCAN *
08A6 36 89 ROR MULCAN+1 A
08A8 36 8A ROR MULCAN+2 *
08AA 36 8B ROR MULCAN+3 *
08AC 5A DEX bump the counter down
08AD 26 D3 BNE MNEXT done yet ?
08AF 81 RTS done
#endasm
08B0 81 RTS }
void div32()
{
#asm
*
* *
* Divide 32 bit by 32 bit unsigned integer routine
*
* Input:
* Dividend: DVDND [+0..+3] HIGH ORDER BYTE IS DVND+0
* Divisor: DVSOR [+0..+3] HIGH ORDER BYTE IS DVSOR+0
* Output:
* Quotient: QUO [+0..+3] HIGH ORDER BYTE IS QUO+0
- *
*
08Bl 3F 94 CLR QUOzero result registers
08B3 3F 95 CLR QUO+1 *
08B5 3F 96 CLR QUO+2 *
08B7 3F 97 CLR QUO+3 *
08B9 A6 01 LDA #1 initial loop count
08BB 3D 90 TST DVSOR if the high order bit is set..no need to shift DVSOR
08BD 2B OF BMI DIV153
*
08BF 4C DIV151 1INCA bump the loop counter
08C0 38 93 ASL DVSOR+3 now shift the divisor until the high order bit = 1
08C2 39 92 ROL DVSOR+2
08C4 39 91 ROL DVSOR+1 *
08C6 39 90 ROL DVSOR *
08C8 2B 04 BMI DIV153 done if high order bit =1
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osca
oscc

08CE

08D0
08D2
08D4
08D6
08D8
08DA
08DC
08DE
08E0
08E2
08E4
08E6
08E8

08EA
08EC
08EE
08F0
08F2
08F4
08F6
08F8
08FA
08FC
08FE
0900
0902

0903
0905
0906
0908
090A
090C
090E
0910
0912
0914
0916
0918
091a

091B

1FFC
091C
1FFA
091D
1FF8
091E
1FF4
091F
1FF2
0920

0921
0923
0925
0927
0929
092B

20
99
39
39
39
39
34
36
36
36

26
81

09
80
09
80
09
80
09
80
09
80

21

98

8F
93
8F
8E
92

8D
91
8D
8C
90
8C
1B

8F
93
8F
8E
92
8E
8D
91
8D
8cC
90
8cC

01

1F

20

03
OE
65
65

04

RTS

CMP

CcMP  #33
BNE DIV151
*
DIV153 STA CNT
*
DIV163 LDA DVDND+3
SUB DVSOR+3
STA DVDND+3
LDA DVDND+2
SBC DVSOR+2
STA DVDND+2
LDA DVDND+1
SBC DVSOR+1
STA DVDND+1
LDA DVDND
SBC DVSOR
STA DVDND
BCC DIV165
*
LDA DVDND+3
ADD DVSOR+3
STA DVDND+3
LDA DVDND+2
ADC DVSOR+2
STA DVDND+2
LDA DVDND+1
ADC DVSOR+1
STA DVDND+1
LDA DVDND
ADC DVSOR
STA DVDND
CLC
*
BRA DIV167
DIV165 SEC
DIV167 ROL QUO+3
ROL QUO+2
ROL QUO+1
ROL QUO
LSR DVSOR
ROR DVSOR+1
ROR DVSOR+2
ROR DVSOR+3
DEC CNT
BNE DIV163
RTSyes
*
#endasm

}

AR L Y]

/* These interrupts are not used...give them a graceful return if for

AN1315

have we shifted all possible bits in the DVSOR yet ?
no

save the loop counter so we can do the divide

sub 32 bit divisor from dividend

* ok ok k kX X ¥ 4

carry is clear if DVSOR was larger than DVDND

add the divisor back...was larger than the dividend

* Ok ok k *k *

*

*

*

this will clear the respective bit in QUO due to
the need to add DVSOR back to DVND

this will set the respective bit in QUO

set or clear the low order bit in QUO based on above
*

*
*

divide the divisor by 2

*

*

*

bump the loop counter down
finished yet ?

some reason one occurs */

__SWI(){}

IRQ(){}

TIMERCAP() {}

TIMEROV() {}

SCI(){}

$03 k

#$0E
$65
$65
$65
#504

k =

AR L L T ]

{

k >> 1;
if (k> 4)

void sensor_type()

portd & 0x0e; /* we only care about bits 1..3 */

/* right justify the variable */

Application Notes

5-94 Pressure Sensor Device Data



092D

092F
0931
0933
0935
0937
0939

093B
093D
093F
0940
0941
0944
0946
0949
094B

094cC
094E
0950
0952
0954
0956
0958
095a
095C
095D
0960
0962
0965
0967

0968
096A
096C

0968

0970
0972
0974
0976
0978
097a
097¢C
097E

097F
0981
0983
0985
0987
0989
098B

098D
098F
0991
0994
0996
0998

oc

02
6E
01
CE
00
FE

65
60

1]
5E
]3]
5F

03
FO
65
65

65
65
65

08
59
08
5a

56
55
5B
5B
80
E4
21

20
09
09
08
57
58

12

13

ic

1ip

FD

BLS $093B
CLR $02
LDA #$6E
sTA $01
LDA #$CE
STA $00
BRA $0939
LDA $65
STA $60
TAX

LSLX

LDA $0812,X
STA $5E
LDA $0813,X
STA $5F
RTS

LDA $03
AND #$FO0
STA $65
LSR $65
LSR $65
LSR $65
LSR $65
LDX $65
LSLX

LDA $081c, X
sTA $59
LDA $081D, X
STA $5A
RTS

CLR $62
CLR $61
LDA $62
sUB #520
LDA $61
SBC #$4E
BCC $097E
INC $62
BNE $097C
INC $61
BRA $096C
RTS

CLR $56
CLR $55
CLR $5B
LDA $5B
EOR #$80
CcMP #$E4
BCC $09AE
LDA #$20
STA $09
BRCLR 7,$09,$0991
LDA $08
CLR $57
STA $58

AN1315

{ /* we have a set-up error in wire jumpers Jl - J3 */
portc = 0; /* */
portb = Ox6e; /* S */

porta = Oxce; /* E */
while(1);
}

sensor_index = k;

sensor_model = typelk];

JRERE R R Rk R AR * ok k TEEE KRR /

void sensor_slope()
{
k=portd & 0xf0; /* we only care about bits 4..7 */

k =k > 4; /* right justify the variable */

slope = slope_const[k];

VALY Tk w L T T T Hhkkhk /

void delay(void) /* just hang around for a while */
{
for (i=0; 1<20000; ++i);

VAR TR T R ke * Y

read_a2d(void)

{

/* read the a/d converter on channel 5 and accumulate the result
in atodtemp */

atodtemp=0; /* zero for accumulation */

for ( adent = 0 ; adcnt<100; ++adcnt) /* do 100 a/d conversions */

{
adstat = 0x20; /* convert on channel 0 */

while (! (adstat & 0x80)); /* wait for a/d to complete */
atodtemp = addata + atodtemp;
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099A BB 56 ADD $56
099C B7 58 STA $58
099E B6 57 LDA $57
09A0 B9 55 ADC $55
09A2 B7 57 STA $57
09A4 B7 55 STA $55
09A6 B6 58 LDA $58
09A8 B7 56 STA $56
}
092A 3C 5B INC $5B
09AC 20 D7 BRA $0985
09AE B6 56 LDA $56 atodtemp = atodtemp/100;
09B0 B7 58 STA $58
09B2 B6 55 LDA $55
09B4 B7 57 STA $57
09B6 3F 9A CLR $9a
09B8 A6 64 LDA #564
09BA B7 9B STA $9B
09BC CD OB F1 JSR $0BF1
09BF CD 0C 22 JSR $0C22
09C2 BF 55 STX $55
09Cc4 B7 56 STA $56
09C6 81 RTS return atodtemp;
}
D L s
void fixcompare (void) /* sets-up the timer compare for the next interrupt */
{
09C7 B6 18 LDA $18 q.b.hi =tcnthi;
09C9 B7 66 STA $66
09CB B6 19 LDA $19 g.b.lo = tentlo;
09CD B7 67 STA $67
09CF AB 4C ADD #$4C q.1l +=7500; /* ((4mhz xtal/2)/4) = counter period = 2us.*7500 = 15ms. */
09D1 B7 67 STA $67
09D3 B6 66 LDA $66
09D5 A9 1D ADC #$1D
09D7 B7 66 STA $66
09D9 B7 16 STA $16 ocmphil = g.b.hi;
09DB B6 13 LDA $13 areg=tsr; /* dummy read */
09DD B6 67 LDA $67 ocmplol = qg.b.lo;
09DF B7 17 STA $17
09E1 81 RTS }
/***************w**********tiiiﬁ****k***w*********i*******i***‘\'**ﬁ'*******t**/
void TIMERCMP (void) /* timer service module */
1FF6 09 E2 {
09E2 33 02 CcoM $02 portc =~ portc; /* service the lcd by inverting the ports */
09E4 33 01 coM $01 portb =~ portb;
09E6 33 00 coM $00 porta =~ porta;
09E8 AD DD BSR $09C7 fixcompare() ;
09EA 80 RTI }
Rk ek ok ok kK Rk kR kR R R R KRR R R R R R R R kR kR kR kR kR k ok
void adzero(void) /* called by initio() to save initial xdcr’s zero
pressure offset voltage output */
{
09EB 3F 64 CLR $64 for ( j=0; 3<20; ++3j) /* give the sensor time to “warm-up” and the
09ED 3F 63 CLR $63
09EF B6 64 LDA $64
09F1 A0 14 SUB #514
09F3 B6 63 LDA $63
09F5 A2 00 SBC #$00
09F7 24 0B BCC $0A04
power supply time to settle down */
{
09F9 CD 09 68 JSR $0968 delay () ;
}
09FC 3C 64 INC $64
09FE 26 02 BNE $0A02
0A00 3C 63 INC $63
0A02 20 EB BRA $09EF
0A04 CD 09 7F JSR $097F xder_offset = read_a2d();
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0A07
0A09
0AOB

oaoc
0AOE
0A10
0A12
0A14
0A16
0a18
0A1A
oalc
0ALE
0A20
0a22
0a24
026
o0a28
oa2a
oazc

0A2D
0A2F
0A31
0A33
0A35
0A37
0A39
0A3C
OA3E

009D
OA3F
0a41
009F
00A0
0A43
0A45
0247
0A49

0A4B
0A4cC

OR4E
0A50
0A52
0A54
0A56
0A58

O0ASA
0ASB
0A5C
OASF
0A61
0A63
0A65
0A67
0A69
0A6C
0A6E

3F

81

5D

20
09
02
01
00
FF
06
05
04
13
1E
16
1iF
9F
40
12

9D
9E

9F
9F
05
07

9F
F3
9F
9F
04

08
9E
58
9D
80
57
08
80
57

21

CLR
STA
RTS

LDA
STA
CLR
CLR
CLR
LDA
STA
STA
STA
LDA
CLR
CLR
LDA
BSR
LDA
STA
CLI

LDA
STA
LDA

LDA
STA
JSR
BSR
RTS

STX
STA

CLR
LDA
CcMP
BCC

TAX
CLR

INC
BRA
CLR
LDA
CMP

TAX
LSLX
LDA
SUB
STA
LDA
EOR
STA

$5C
$5D

#$20
$09
$02
$01
$00
#$FF
$06
$05
$04
$13
$1E
$16
$1F
$09C7
#$40
$12

#s$cc
$02
#$BE
$01
#$ca
$00
$0921
$09EB

$9D
$9E

$9F
$9F
#$05
$0A52

$50,X

$9F
$0245
$9F
$9F
#$04
$0AD4

$080B,X
$9E
$58
$9D
#$80
$57
$080A, X
#5$80
$57

AN1315

PA R T s L2 TS */

void initio (void) /* setup the I/0 */
{
adstat = 0x20; /* power-up the A/D */

porta = portb = portc = 0;

ddra = ddrb = ddrc = Oxff;

areg=tsr; /* dummy read */
ocmphil = ocmphi2 = 0;

areg = ocmplo2; /* clear out output compare 2 if it happens to be set */
fixcompare(); /* set-up for the first timer interrupt */
tcr = 0x40;
CLI; /* let the interrupts begin ! */
/* write CAL to the display */
portc = Oxcec; /* C */
portb = Oxbe; /* A */
porta = Oxcd; /* L */
sensor_type(); /* get the model of the sensor based on J1..J3 */

adzero(); /* auto zero */

/**ﬂf****t****!’!!t*tit!iQ'Qinnt'**tttﬁ!**"*t"'ﬂ**’**t**************Q!i!!’/
void cvt_bin_dec(unsigned long arg)

/* First converts the argument to a five digit decimal value. The msd is in
the lowest address. Then leading zero suppress the value and write it to the
display ports.

The argument value is 0..65535 decimal. */

char i;
unsigned long 1;

for ( i=0; i < 5; ++i )

{

digit[i] = 0x0; /* put blanks in all digit positions */

for ( i=0; i < 4; ++i )

if ( arg »>= dectable [i] )
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O0A70 BA 58 ORA $58
0A72 22 5C BHI $0ADO

{
0A74 BE 9F LDX $9F 1 = dectable[i];
O0A76 58 LSLX
0A77 D6 08 OA LDA $080A,X
OA7A B7 A0 STA $A0
0A7C D6 08 0B LDA $080B, X
OA7F B7 Al STA $A1
0A81 B6 9E LDA $9E digit[i] = arg / 1;
0A83 B7 58 STA $58
0A85 B6 9D LDA $9D
0A87 B7 57 STA $57
0A89 B6 A0 LDA $A0
OA8B B7 9A STA $9a
0A8D B6 Al LDA $a1
OASF B7 9B STA $9B
0A91 CD 0B F1 JSR $0BF1
0A94 CD 0C 22 JSR $0Cc22
0A97 BF 57 STX $57
0A99 B7 58 STA $58
OA9B BE 9F LDX $9F
0A9D E7 50 STA $50,X
OASF BE 9F LDX $9F arg = arg-(digit[i] * 1);
0AAl E6 50 LDA $50,X
0AA3 3F 57 CLR $57
0AA5 B7 58 STA $58
0AA7 B6 A0 LDA $A0
0AA9 B7 9A STA $9a
OAAB B6 Al LDA $A1
OAAD B7 9B STA $98B
OAAF CD 0B D2 JSR $0BD2
0AB2 BF 57 STX $57
OAB4 B7 58 STA $58
0AB6 33 57 coM $57
0AB8 30 58 NEG $58
OABA 26 02 BNE $0ABE
0ABC 3C 57 INC $57
OABE B6 58 LDA $58
0ACO BB 9E ADD $9E
0AC2 B7 58 STA $58
0AC4 B6 57 LDA $57
0AC6 B9 9D ADC $9D
OAC8 B7 57 STA $57
OACA B7 9D STA $9D
OACC B6 58 LDA $58
OACE B7 9E STA $9E

}

}
0ADO 3C 9F INC $9F
0AD2 20 80 BRA $0A54
0AD4 B6 9E LDA $9E digit[i] = arg;
0AD6 B7 58 STA $58
OAD8 B6 9D LDA $9D
OADA B7 57 STA $57
OADC BE 9F LDX $9F
OADE B6 58 LDA $58
OAE0 E7 50 STA $50,X

/* now zero suppress and send the lcd pattern to the display */

0AE2 9B SEI SEI;
OAE3 3D 52 TST $52 if ( digit([2] == 0 ) /* leading zero suppression */
OAE5 26 04 BNE $0AEB
OAE7 3F 02 CLR $02 portc = 0;
OAE9 20 07 BRA $0AF2 else
OAEB BE 52 LDX $52 portc = ( lcdtabldigit([2]] ); /* 100’s digit */
OAED D6 08 00 LDA $0800,X
O0AFO0 B7 02 STA $02
OAF2 3D 52 TST $52 if ( digit[2] 0 && digit[3]) == 0 )
OAF4 26 08 BNE $0AFE
OAF6 3D 53 TST $53
OAF8 26 04 BNE $0AFE
OAFA 3F 01 CLR $01 portb=0;
O0AFC 20 07 BRA $0BOS else
OAFE BE 53 LDX $53 portb = ( lecdtab[digit([3]1] );: /* 10’8 digit */
0B0O D6 08 00 LDA $0800,X
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0B03
0BOS
0BO7
0BOA

0BOC
OBOE
0B10
0B12
0B14
0B16
0B19
0B1A
0B1C
0B1E

0B20

0B22

0B25
0B27
0B29
0B2C
0B2D

0B2F
0B30
0B33

0B34
0B37
0B39
0B3B
0B3D
OB3F
0B41
0B43
0B45
0B47
0B49
O0B4B
0B4D
0B4F
0B51
0B53
0B55
0B57
0B59
0B5B
0B5D
OBSF
0B61
0B63
0B66
0B68
0B6A
0B6C
OB6E

01
54
08
00

60
80

08
54
08
00

60
OF

09

09

00

00

00

68

7F

STA
LDX
LDA
STA

LDA
EOR
CMP
BCC
LDX
LDA
INCA
STA
TST
BNE

LDX
LDA
STA
LDX
LDA
INCA
STA

JSR
RTS

JSR
CLR
STA
SUB
STA
LDA
EOR
STA
LDA
EOR
SBC
ORA
BHI
LDA
STA
LDA
STA
LDA
SUB
STA
LDA
SBC
STA
JSR
LDA
STA
LDA
STA
LDA

$01
$54
$0800,X
$00

AN1315

porta = ( lcdtabldigit([4]] ); /* 1's digit */

/* place the decimal point only if the sensor is 15 psi or 7.5 psi */
$60 if ( sensor_index < 3 )

#$80
#$83
$0B1C
$54
$0800,X

$00
$60
$0B2F

$54
$0800,X
$00
$53
$0800,X

$01

CLI;
$0968

porta = ( lcdtab[digit[4]1]+1 ); /* add the decimal point to the

if (sensor_index ==0) /* special case */

porta = ( lcdtab[digit[4]] ); /* get rid of the decimal at

1sd */

lsd */

portb = ( lcdtabl[digit[3]]+1 ); /* decimal point at middle digit */

delay();

233 e Y]

void display_psi(void)

/*

*/

{

At power-up it is assumed that the pressure or vacuum port of
the sensor is open to atmosphere. The code in initio() delays
for the sensor and power supply to stabilize. One hundred A/D
conversions are averaged. That result is called xdcr_offset.
This routine calls the A/D routine which performs one hundred
conversions, divides the result by 100 and returns the value.
If the value returned is less than or equal to the xdcr_offset,
the value of xdcr_offset is substituted. If the value returned
is greater than xdcr_offset, xdcr_offset is subtracted from the
returned value.

while(1)

$097F
$55
$56
$5D
$58
$5¢C
#$80
$57
$55
#$80
$57
$58
$0B57
$5C
$55
$5D
$56
$56
$5D
$56
$55
$5¢C
$55
$094C
$56
$58
$55
$57
$5E

{
atodtemp = read_a2d(); /* atodtemp = raw a/d ( 0..255 ) */

if ( atodtemp <= xdcr_offset )

atodtemp = xdcr_offset;

atodtemp -= xdcr_offset; /* remove the offset */

atodtemp *= sensor_model;

slope(); /* establish the slope constant for this output */
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0B70 B7 9A STA
0B72 B6 SF LDA
0B74 B7 9B STA
0B76 CD 0B D2 JSR
0B79 BF 55 STX
0B7B B7 56 STA
0B7D 3F 89 CLR
OB7F 3F 88 CLR
0B81 3F 81 CLR
0B83 3F 80 CLR
0B85 9F TXA
0B86 B7 82 STA
0B88 B6 56 LDA
OB8A B7 83 STA
0B8C B6 59 LDA
OBS8E B7 8A STA
0B90 B6 5A LDA
0B92 B7 8B STA
0B94 CD 08 70 JSR
0B97 3F 90 CLR
0B99 A6 01 LDA
0B9B B7 91 STA
0B9D A6 86 LDA
O0B9F B7 92 STA
0BAl A6 A0 LDA
OBA3 B7 93 STA
0BA5 B6 88 LDA
0BA7 B7 8C STA
0BA9 B6 89 LDA
0BAB B7 8D STA
OBAD B6 8A LDA
OBAF B7 8E STA
OBB1 B6 8B LDA
0BB3 B7 8F STA
OBB5 CD 08 Bl JSR
0BB8 B6 96 LDA
0BBA B7 55 STA
0BBC B6 97 LDA
O0BBE B7 56 STA
0BCO BE 55 LDX

0BC2 CD 0A 3F JSR
0BC5 CC 0B 34 JMP
0BC8 81 RTS

0BC9 CD OA 0C JSR
0BCC CD 0B 34 JSR

OBCF 20 FE BRA
0BD1 81 RTS
0BD2 BE 58 LDX
0BD4 B6 9B LDA
0BD6 42 MUL
0BD7 B7 A4 STA
0BD9 BF A5 STX
0BDB BE 57 LDX
0BDD B6 9B LDA
OBDF 42 MUL
OBEO BB A5 ADD
O0BE2 B7 AS STA
OBE4 BE 58 LDX
OBE6 B6 9A LDA
OBE8 42 MUL
OBE9 BB A5 ADD
OBEB B7 A5 STA
OBED 97 TAX
OBEE B6 A4 LDA
OBFO 81 RTS
OBF1 3F A4 CLR
0BF3 5F CLRX
0BF4 3F A2 CLR
OBF6 3F A3 CLR
0BF8 5C INCX
OBF9 38 58 LSL

$9A
§5F
$98
$0BD2
$55
$56
$89
$88
$81
$80

$82
$56
$83
$59
$8a
$5A
$8B
$0870
$90
#$01
$91
#$86
$92
#$A0
$93
$88
$8C
$89
$8D
$8A
$8E
$8B
$8F
$08B1
$96
$55
$97
$56
$55
$OA3F
$0B34

$o0a0cC
$0B34
$0BCF

$58
$9B

$Ad
$AS
$57
$9B

$AS5
$A5
$58
$9A

$AS5
$AS

$A4

$A4

$A2
$A3

$58

AN1315

MULTP[0] = MULCAN([O]

MULTP[1] = atodtemp;

MULCAN[1] = slope;

‘mul320);

DVSOR[0] = 1; /*

0;

/* analog value * slope based on J1 through J3 */

now divide by 100000 */

DVSOR[1] = 0x86a0;

DVDND[0] = MULCANI[O];

DVDND[1]

div32();

atodtemp = QUO[1];

cvt_bin_dec( atodtemp );

/* Tkkhkkk

= MULCAN[1];

/* convert to psi */

/* convert to decimal and display */

void main()

{
initio();
display psi();

while(1);

B Ty

/* set-up the processor’s i/o */

/* should never get back to here */
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0BFB
O0BFD
OBFF
0col
0co3
0cos
oco7
0co9
0COB
0COD
0COF
ocii
oci3
0cls
ocl7
0c19
0Cc1B
ocic
0clp
0C1F
oc21
0ca2
0cz23
0c24
0Cc26
0c27
1FFE

57 ROL $57
A2 ROL $a2
A3 ROL $A3
A2 LDA $A2
9B SUB $9B
A2 STA $a2
A3 LDA $A3
9a SBC $9a
A3 STA $A3
0D BCC s$ocic
9B LDA $9B
A2 ADD $A2
A2 STA $A2
9a LDA $9A
A3 ADC $A3
A3 STA $A3

SEC

ROLX
Ad ROL $A4
D8 BCC $0BF9

RTS

COMX

TXA
A4 LDX $A4

COMX

RTS
c9

SYMBOL TABLE

AN1315

LABEL VALUE LABEL VALUE LABEL VALUE LABEL VALUE
ADDEND 006C | AUGEND 0070 | CNT 0098 | DIFF 007C
DIV151 08BF | DIV153 08CE | DIV163 08D0 | DIV165 0905
DIV167 0906 | DVDND 008C | DVSOR 0090 | IRQ 091D
MINUE 0074 | MNEXT 0882 | MTEMP 0084 | MULCAN 0088
MULTP 0080 | Quo 0094 | ROTATE 089C | scI 0920
SUBTRA 0078 | SuM 0068 | TIMERCAP 091E | TIMERCMP 09E2
TIMEROV 091F | __LDIV 0BFl | _ LongIX 009Aa | __MAIN 0BC9
___MUL 0000 | __MUL16x16 0BD2 | __RDIV 0C22 | _RESET 1FFE
__STARTUP 0000 | __sToP 0000 | __swI 091C | __WAIT 0000
__longAC 0057 | adent 005B | add32 083C | addata 0008
adstat 0009 | adzero 09EB | aregnthi 001A | aregntlo 001B
arg 009D | atodtemp 0055 | b 0000 | bothbytes 0002
cvt_bin_dec OA3F | ddra 0004 | ddrb 0005 | ddrc 0006
dectable 080A | delay 0568 | digit 0050 i display psi 0B34
div32 08Bl | eeclk 0007 | fixcompare 09C7 | hi 0000
i 0061 | icaphil 0014 | icaphi2 001Cc | icaplol 0015
icaplo2 001D | initio 0AOC | isboth 0002 | j 0063
k 0065 | 1 0000 | lcdtab 0800 | lo 0001
main 0BCY9 | misc 000C | mul32 0870 | ocmphil 0016
ocmphi2 001E | ocmplol 0017 | ocmplo2 001F | plma 000A
plmb 000B | porta 0000 | portb 0001 | porte 0002
portd 0003 | q 0066 | read_a2d 097F | scibaud 000D
scicntll 000E | scicntl2 000F | scidata 0011 | scistat 0010
sensor_index 0060 | sensor_model 005E | sensor_slope 094C | sensor_type 0921
slope 0059 | slope_const 081C | sub32 0856 | tecnthi 0018
tentlo 0019 | ter 0012 | tsr 0013 | type 0812
xdcr_offset 005C |

MEMORY USAGE MAP (’X’ = Used, ’-' = Unused)

0800 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0840 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0880 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
08CO : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0900 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0940 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0980 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
09C0 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0A00 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0240 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0AB0 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0ACO : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
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0BO0 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0B40 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0B80 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0BCO : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX

0C00 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXX
0c40
0cso
occo

1E00
1E40
1E80 :
1ECO : X-

1F00
1F40
1F80
1FCO : ——XXXXXXXXXXXXXX

All other memory blocks unused.

Errors : 0
Warnings : 0
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Frequency Output Conversion for MPX2000

Series Pressure Sensors

Prepared by: Jeff Baum
Discrete Applications Engineering

INTRODUCTION

Typically, a semiconductor pressure transducer converts
applied pressure to a “low-level” voltage signal. Current
technology enables this sensor output to be temperature
compensated and amplified to higher voltage levels on a
single silicon integrated circuit (IC). While on-chip
temperature compensation and signal conditioning certainly
provide a significant amount of added value to the basic
sensing device, one must also consider how this final output
will be used and/or interfaced for further processing. In most
sensing systems, the sensor signal will be input to additional
analog circuitry, control logic, or a microcontroller unit (MCU).

MCU-based systems have become extremely cost
effective. The level of intelligence which can be obtained for
only a couple of dollars, or less, has made relatively simple
8-bit microcontrollers the partner of choice for semiconductor
pressure transducers. In order for the sensor to communicate
its pressure-dependent voltage signal to the microprocessor,
the MCU must have an analog-to-digital converter (A/D) as an
on-chip resource or an additional IC packaged A/D. In the

latter case, the A/D must have a communications interface
that is compatible with one of the MCU’s communications
protocols. MCU’s are adept at detecting logic-level transitions
that occur at input pins designated for screening such events.
As an alternative to the conventional A/D sensor/MCU
interface, one can measure either a period (frequency) or
pulse width of an incoming square or rectangular wave signal.
Common MCU timer subsystem clock frequencies permit
temporal measurements with resolution of hundreds of
nanoseconds. Thus, one is capable of accurately measuring
the the frequency output of a device that is interfaced to such
atimerchannel. If sensors can provide a frequency modulated
signal that is linearly proportional to the applied pressure
being measured, then an accurate, inexpensive (no A/D)
MCU-based sensor system is a viable solution to many
challenging sensing applications. Besides the inherent cost
savings of such a system, this design concept offers additional
benefits to remote sensing applications and sensing in
electrically noisy environments.

®  ororoia oiscrere wepLicarions @

Figure 1. DEVB160 Frequency Output Sensor EVB
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The following sections will detail the design issues involved
in such a system architecture, and will provide an example
circuit which has been developed as an evaluation tool for
frequency output pressure sensor applications.

DESIGN CONSIDERATIONS

Signal Conditioning

Motorola’s MPX2000 Series sensors are temperature
compensated and calibrated — i.e. — offset and full-scale span
are precision trimmed — pressure transducers. These sensors
are available in full-scale pressure ranges from 10 kPa (1.5
psi) to 700 kPa (100 psi). Although the specifications in the
data sheets apply only to a 10 V supply voltage, the output of
these devices is ratiometric with the supply voltage. At the
absolute maximum supply voltage specified, 16 V, the sensor
will produce a differential output voltage of 64 mV at the rated
full-scale pressure of the given sensor. One exception to this
is that the full-scale span of the MPX2010 (10 kPa sensor) will
be only 40 mV due to a slightly lower sensitivity. Since the
maximum supply voltage produces the most output voltage,
itis evident that even the best case scenario will require some
signal conditioning to obtain a usable voltage level.

Many different “instrumentation-type” amplifier circuits can
satisfy the signal conditioning needs of these devices.
Depending on the precision and temperature performance
demanded by a given application, one can design an amplifier
circuit using a wide variety of operational amplifier (op amp)
IC packages with external resistors of various tolerances, or
aprecision-trimmed integrated instrumentation amplifier IC. In
any case, the usual goal is to have a single-ended supply,
“rail-to-rail” output (i.e. use as much of the range from ground
to the supply voltage as possible, without saturating the op
amps). In addition, one may need the flexibility of performing
zero-pressure offset adjust and full-scale pressure calibration.
The circuitry or device used to accomplish the
voltage-to-frequency conversion will determine if, how, and
where calibration adjustments are needed. See Evaluation
Board Circuit Description section for details.

Voltage-to-Frequency Conversion

Since most semiconductor pressure sensors provide a
voltage output, one must have a means of converting this
voltage signal to a frequency that is proportional to the sensor
output voltage. Assuming the analog voltage output of the
sensor is proportional to the applied pressure, the resultant

frequency will be linearly related to the pressure being
measured. There are many different timing circuits that can
perform voltage-to-frequency conversion. Most of the
“simple” (relatively low number of components) circuits do not
provide the accuracy or the stability needed for reliably
encoding a signal quantity.  Fortunately, many
voltage-to-frequency (V/F) converter IC’s are commercially
available that will satisfy this function.

Switching Time Reduction

One limitation of some V/F converters is the less than
adequate switching transition times that effect the pulse or
square-wave frequency signal. The required switching speed
will be determined by the hardware used to detect the
switching edges. The Motorola family of microcontrollers have
input-capture functions that employ “Schmitt trigger-like”
inputs with hysteresis on the dedicated input pins. In this case,
slow rise and fall times will not cause an input capture pin to
be in an indeterminate state during a transition. Thus, CMOS
logic instability and significant timing errors will be prevented
during slow transitions. Since the sensor’s frequency output
may be interfaced to other logic configurations, a designer’s
main concern is to comply with a worst-case timing scenario.
For high-speed CMOS logic, the maximum rise and fall times
are typically specified at several hundreds of nanoseconds.
Thus, it is wise to speed up the switching edges at the output
of the V/F converter. A single small-signal FET and a resistor
are all that is required to obtain switching times below 100 ns.

APPLICATIONS

Besides eliminating the need for an A/D converter, a
frequency output is conducive to applications in which the
sensor output must be transmitted over long distances, or
when the presence of noise in the sensor environment is likely
to corrupt an otherwise healthy signal. For sensor outputs
encoded as a voltage, induced noise from electromagnetic
fields will contaminate the true voltage signal. A frequency
signal has greater immunity to these noise sources and can
be effectively filtered in proximity to the MCU input. In other
words, the frequency measured at the MCU will be the
frequency transmitted at the output of a sensor located
remotely. Since high-frequency noise and 50-60 Hz line noise
are the two most prominent sources for contamination of
instrumentation signals, a frequency signal with arange in the
low end of the kHz spectrum is capable of being well filtered
prior to being examined at the MCU.
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Table 1. Specifications

Characteristics Symbol Min Typ Max Units
Power Supply Voltage B+ 10 30 Volts
Full Scale Pressure PEs
- MPX2010 10 kPa
- MPX2050 50 kPa
- MPX2100 100 kPa
- MPX2200 200 kPa
- MPX2700 700 kPa
Full Scale Output fFs 10 kHz
Zero Pressure Offset foFF 1 kHz
Sensitivity SAOUT 9/PEg kHz/kPa
Quiescent Current Icc 55 mA

EVALUATION BOARD

The following sections present an example of the signal
conditioning, including frequency conversion, that was
developed as an evaluation tool for the Motorola MPX2000
series pressure sensors. A summary of the information
required to use evaluation board number DEVB160 is
presented as follows.

Description

The evaluation board shown in Figure 1 is designed to
transduce pressure, vacuum or differential pressure into a
single-ended, ground referenced voltage that is then input to
a voltage-to-frequency converter. It nominally provides a 1
kHz output at zero pressure and 10 kHz at full scale pressure.
Zero pressure calibration is made with a trimpot that is located
on the lower half of the left side of the board, while the full scale
output can be calibrated via another trimpot just above the
offset adjust. The board comes with an MPX2100DP sensor
installed, but will accommodate any MPX2000 series sensor.
One additional modification that may be required is that the
gain of the circuit must be increased slightly when using an
MPX2010 sensor. Specifically, the resistor R5 must be
increased from 7.5 kQ to 12 kQ.

Circuit Description

The following pin description and circuit operation
corresponds to the schematic shown in Figure 2.

Pin by Pin Description

B+:

Input power is supplied at the B+ terminal of connector CN1.
Minimum input voltage is 10 V and maximum is 30 V.

Fout:
A logic-level (5 V) frequency output is supplied at the OUT
terminal (CN1). The nominal signal it provides is 1 kHz at zero

pressure and 10 kHz at full scale pressure. Zero pressure
frequency is adjustable and set with R12. Full-scale frequency
is calibrated via R13. This output is designed to be directly
connected to a microcontroller timer system input-capture
channel.

GND:

The ground terminal on connector CN1 is intended for use
as the power supply return and signal common. Test point
terminal TP3 is also connected to ground, for measurement
convenience.

TP1:
Test point 1 is connected to the final frequency output, Fout.

TP2:

Test point 2 is connected to the +5 V regulator output. Itcan
be used to verify that this supply voltage is within its tolerance.

TP3:

Test point 3 is the additional ground point mentioned above
in the GND description.

TP4:

Test point 4 is connected to the +8 V regulator output. Itcan
be used to verify that this supply voltage is within its tolerance.

P1, P2:

Pressure and Vacuum ports P1 & P2 protrude from the
sensor on the right side of the board. Pressure port P1 is on
the top (marked side of package) and vacuum port P2, if
present, is on the bottom. When the board is set up with a dual
ported sensor (DP suffix), pressure applied to P1, vacuum
applied to P2 or a differential pressure applied between the
two all produce the same output voltage per kPa of input.
Neither port is labeled. Absolute maximum differential
pressure is 700 kPa.
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Figure 2. DEVB160 Frequency Output Sensor Evaluation Board

Pressure Sensor Device Data

5-106

Application Notes



AN1316

The following is a table of the components that are assembled on the DEVB160 Frequency Output Sensor Evaluation Board.

Table 2. Parts List

Designators Quantity Description Manufacturer Part Number
C1 1 1 uF Capacitor
c2 1 .1 uF Capacitor
C3 1 .01 pF Capacitor
C4 1 .1 puF  Capacitor
C5 1 10 pF Cap+ tantalum
Cé 1 .1 uF Capacitor
CN1 1 .15LS 3 Term PHX Contact 1727023
D1 1 RED LED Quality Tech. MV57124A
R1 1 240 Q resistor
R2, R9 2 1 kQ resistor
R3 1 4.3 kQ resistor
R4 1 1.5 kQ resistor g
R5 1 7.5kQ resistor
R6 1 120 Q resistor
R7 1 820 Q resistor
R8 1 620 Q resistor
R10, R11 2 2 kQ resistor
R12 1 200 Q Trimpot Bourns 3386P-1-201
R13 1 1kQ Trimpot Bourns 3386P-1-102
S1 1 SPDT miniature switch NKK S§S-12SDP2
TP1 1 YELLOW Testpoint Control Design TP-104-01-04
TP2 1 BLUE Testpoint Control Design TP-104-01-06
TP3 1 BLACK Testpoint Control Design TP-104-01-00
TP4 1 GREEN Testpoint Contro! Design TP-104-01-05
Ut 1 Quad Op Amp Motorola MC33274
U2 1 8 V Regulator Motorola MC78LO8ACP
U3 1 AD654 Analog Devices AD654
U4 1 5V Regulator Motorola MC78LO5ACP
us 1 Small-Signal FET Motorola BS107A
X1 1 Pressure Sensor Motorola MPX2100DP

NOTE: All resistors are 1/4 watt, 5% tolerance values. All capacitors are 50 V rated, +20% tolerance values.
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Circuit Operation

The voltage signal conditioning portion of this circuit is a
variation on the classic instrumentation amplifier
configuration. It is capable of providing high differential gain
and good common-mode rejection with very high input
impedance; however, it provides a more user friendly method
of performing the offset/bias point adjustment. It uses four op
amps and several resistors to amplify and level shift the
sensor’s output. Most of the amplification is done in U1A
which is configured as a differential amplifier. Unwanted
current flow through the sensor is prevented by buffer U1B. At
zero pressure the differential voltage from pin 2 to pin 4 on the
sensor has been precision timmed to essentially zero volts.
The common-mode voltage on each of these nodes is 4 V
(one-half the sensor supply voltage). The zero pressure
output voltage at pin 1 of U1A is then 4.0 V, since any other
voltage would be coupled back to pin 2 via R5 and create a
non-zero bias across U1A’s differential inputs. This 4.0V zero
pressure DC output voltage is then level translated to the
desired zero pressure offset voltage by U1C and U1D. The
offset voltage is produced by R4 and adjustment trimpot R12.
R7’s value is such that the total source impedance into pin 13
is approximately 1 k. The gain is approximately (R5/R6)(1 +
R11/R10), which is 125 for the values shown in Figure 2. A
gain of 125 is selected to provide a 4 V span for 32 mV of
full-scale sensor output (at a sensor supply voltage of 8 V).

The resulting .5 V to 4.5 V output from U1C is then
converted by the V/F converter to the nominal 1-10 kHz that
has been specified. The AD654 V/F converter receives the
amplified sensor output at pin 8 of op amp U1C. The full-scale
frequency is determined by R3, R13 and C3 according to the
following formula:

Vin

Fout (full-scale) = ~(yoy)R3 + R13)C3

For best performance, R3 and R13 should be chosen to
provide 1 mA of drive current at the fuii-scaie voitage produced
at pin 3 of the AD654 (U3). The input stage of the AD654 is an
op-amp; thus, it will work to make the voltage at pin 3 of U3
equal to the voltage seen at pin 4 of U3 (pins 3 and 4 are the
input terminals of the op amp). Since the amplified sensor
output will be 4.5V at full-scale pressure, R3 + R13 should be
approximately equal to 4.5 kQ to have optimal linearity
performance. Once the total resistance from pin 3 of U3 to
ground is set, the value of C3 will determine the full-scale
frequency output of the V/F. Trimpot R13 should be sized
(relative to R3 value) to provide the desired amount of

full-scale frequency adjustment. The zero-pressure frequency
is adjusted via the offset adjust provided for calibrating the
offset voltage of the signal conditioned sensor output. For
additional information on using this particular V/F converter,
see the applications information provided in the Analog
Devices Data Conversion Products Databook.

The frequency output has its edge transitions “sped” up by
a small-signal FET inverter. This final output is directly
compatible with microprocessor timer inputs, as well as any
other high-speed CMOS logic. The amplifier portion of this
circuit has been patented by Motorola Inc. and was introduced
on evaluation board DEVB150A. Additional information
pertaining to this circuit and the evaluation board DEVB150A
is contained in Motorola Application Note AN1313.1

TEST/CALIBRATION PROCEDURE

Connect a +12 V supply between B+ and GND terminals
on the connector CN1.

Connect a frequency counter or scope probe on the Foyt
terminal of CN1 or on TP1 with the test instrumentation
ground clipped to TP3 or GND.

Turn the power switch, S1, to the on position. Power
LED, D1, should be illuminated. Verify that the voltage
at TP2 and TP4 (relative to GND or TP3) is 5 V and
8V, respectively. While monitoring the frequency output
by whichever means one has chosen, one should see
a 50% duty cycle square wave signal.

Turn the wiper of the OFFSET adjust trimpot, R12, to
the approximate center of the pot.

Apply 100 kPa to pressure port P1 of the MPX2100DP
(topside port on marked side of the package) sensor,
X1.

Adjust the FULL-SCALE trimpot, R13, until the output
frequency is 10 kHz. If 10 kHz is not within the trim range
of the full-scale adjustment trimpot, tweak the offset
adjust trimpot to obtain 10 kHz (remember, the offset
pot was at an arbitrary midrange setting as per step 4).
Apply zero pressure to the pressure port (i.e. both ports
at ambient pressure, no differential pressure applied).
Adjust OFFSET trimpot so frequency output is 1 kHz.
Verify that zero pressure and full-scale pressure
(100 kPa) produce 1 and 10 kHz respectively, at Foyt
and/or TP1. A second iteration of adjustment on both
full-scale and offset may be necessary to fine tune the
1 - 10 kHz range.
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CONCLUSION

Transforming conventional analog voltage sensor outputs
to frequency has great utility for a variety of applications.
Sensing remotely and/or in noisy environments is particularly
challenging for low-level (mV) voltage output sensors such as
the MPX2000 Series pressure sensors. Converting the
MPX2000 sensor output to frequency is relatively easy to
accomplish, while providing the noise immunity required for
accurate pressure sensing. The evaluation board presented
is an excellent tool for either “stand-alone” evaluation of the
MPX2000 Series pressure sensors or as a building block for
system prototyping which can make use of DEVB160 as a
“drop-in” frequency output sensor solution. The output of the
DEVB160 circuit is ideally conditioned for interfacing to MCU
timer inputs that can measure the sensor frequency signal.

1.
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INTRODUCTION

The most popular silicon pressure sensors are
piezoresistive bridges that produce a differential output
voltage in response to pressure applied to a thin silicon
diaphragm. Output voltage for these sensors is generally 25
to 50 mV full scale. Interface to microcomputers, therefore,
generally involves gaining up the relatively small output
voltage, performing a differential to single ended conversion,
and scaling the analog signal into a range appropriate for
analog to digital conversion. Alternately, the analog pressure
signal can be converted to a frequency modulated 5 V
waveform or 4-20 mA current loop, either of which is relatively
immune to noise on long interconnect lines.

A variety of circuit techniques that address interface design
are presented. Sensing amplifiers, analog to digital
conversion, frequency modulation and 4-20 mA current loops
are considered.

PRESSURE SENSOR BASICS

The essence of piezoresistive pressure sensors is the
Wheatstone bridge shown in Figure 1. Bridge resistors RP1,
RP2, RV1 and RV2 are arranged on a thin silicon diaphragm
such that when pressure is applied RP1 and RP2 increase in
value while RV1 and RV2 decrease a similar amount.
Pressure on the diaphragm, therefore, unbaiances the bridge
and produces a differential output signal. One of the
fundamental properties of this structure is that the differential
output voltage is directly proportional to bias voltage B+. This
characteristic implies that the accuracy of the pressure
measurement depends directly on the tolerance of the bias
supply. It also provides a convenient means for temperature
compensation. The bridge resistors are silicon resistors that
have positive temperature coefficients. Therefore, when they
are placed in series with zero T¢ temperature compensation
resistors RC1 and RC2 the amount of voltage applied to the
bridge increases with temperature. This increase in voltage
produces an increase in electrical sensitivity which offsets and
compensates for the negative temperature coefficient
associated with piezoresistance.

Since RC1 and RC2 are approximately equal, the output
voltage common mode is very nearly fixed at 1/2 B+. In a
typical MPX2100 sensor, the bridge resistors are nominally
425 ohms; RC1 and RC2 are nominally 680 ohms. With these
values and 10 V applied to B+, a delta R of 1.8 ohms at full
scale pressure produces 40 mV of differential output voltage.

& PRESSURE

Figure 1. Sensor Equivalent Circuit

INSTRUMENTATION AMPLIFIER INTERFACES

Instrumentation amplifiers are by far the most common
interface circuits that are used with pressure sensors. An
example of an inexpensive instrumentation amplifier based
interface circuitis shown in Figure 2. it uses an MC33274 quad
operational amplifier and several resistors that are configured
as a classic instrumentation amplifier with one important
exception. In an instrumentation amplifier resistor R3 is
normally returned to ground. Returning R3 to ground sets the
output voltage for zero differential input to 0 V DC. For
microcomputer interface a positive offset voltage on the order
of 0.3t0 0.8 V is generally desired. Therefore, R3 is connected
to pin 14 of U1D which supplies a buffered offset voltage that
is derived from the wiper of R6. This voltage establishes aDC
output for zero differential input. The translation is one to one.
Within the tolerances of the circuit, whatever voltage appears
at the wiper of R6 will also appear as the zero pressure DC
offset voltage at the output.

With R10 at 240 ohms, gain is set for a nominal value of 125.
This provides a 4 V span for 32 mV of full scale sensor output.
Setting the offset voltage to .75 V resultsina 0.75 Vt0 4.75 V
output that is directly compatible with microprocessor A/D
inputs. Over a zero to 50° C temperature range, combined
accuracy for an MPX2000 series sensor and this interface is
on the order of + 10%.
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Figure 2. Instrumentation Amplifier Interface

For applications requiring greater precision a fully
integrated instrument amplifier such as an LTC1100CN8 gives
better results. In Figure 3 one of these ampilifiers is used to
provide a gain of 100, as well as differential to single ended
conversion. Zero offset is provided by dividing down the
precision reference to 0.5 V and buffering with U2B. This
voitage is fed into the LTC1100CN8'’s ground pin which is
equivalent to returning R3 to pin 14 of U1D in Figure 2. An
additional non-inverting gain stage consisting of U2A, R1 and
R2 is used to scale the sensor’s full scale span to 4 V. R2 is
also returned to the buffered .5 V to maintain the 0.5 V zero
offset that was established in the instrumentation amplifier.
Output voltage range is therefore 0.5 to 4.5 V.

Both of these instrumentation amplifier circuits do their
intended job with a relatively straightforward tradeoff between
cost and performance. The circuit of Figure 2 has the usual
cumulative tolerance problem that is associated with
instrumentation amplifiers that have discrete resistors, but it
has a relatively low cost. The integrated instrumentation
amplifier in Figure 3 solves this problem with precision
trimmed film resistors and also provides superior input offset
performance. Component cost, however, is significantly
higher. '

SENSOR SPECIFIC INTERFACE AMPLIFIER

A low cost interface designed specifically for pressure
sensors improves upon the instrumentation amplifier in Figure
2. Shown in Figure 4, it uses one quad op amp and several
resistors to amplify and level shift the sensor’s output. Most of
the ampiification is done in U1A which is configured as a
differential amplifier. It is isolated from the sensor’s positive
output by U1B. The purpose of U1B is to prevent feedback
current that flows through R5 and R6 from flowing into the
sensor. At zero pressure the voltage from pin 2 to pin 4 on the
sensor is 0 V. For example, let’s say that the common mode
voltage on these pins is 4.0 V. The zero pressure output
voltage at pin 1 of U1A is then 4.0 V, since any other voltage
would be coupled back to pin 2 via R6 and create a non-zero
bias across U1A’s differential inputs. This 4.0 V zero pressure
DC output voltage is then level translated to the desired zero
pressure offset voltage (VOFFSET) by U1C and U1D.
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Figure 4. Sensor Specific Interface Circuit
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To see how the level translation works, let's look at the
simplified schematic in Figure 5. Again assuming a common
mode voltage of 4.0 V, the voltage applied to pin 12 of U1D is
4.0 V, implying that pin 13 is also at 4.0 V. This leaves 4.0 V
—VOFFSET across R3, whichis 3.5 Vif VOFFSETis setto 0.5
V. Since no current flows into pin 13, the same current flows
through both R3 and R4. With both of these resistors set to the
same value, they have the same voltage drop, implying a 3.5
V drop across R4. Adding the voltages (0.5 + 3.5 + 3.5) yields

Le>

7.5V atpin 14 of U1D. Similarly 4.0 V at pin 10 of U1C implies
4.0V at pin 9, and the drop across R2is 7.5V -4.0V =35
V. Again 3.5V across R2 implies an equal drop across R1, and
the voltage at pin 8is 4.0 V—3.5 V = .5 V. For this DC output
voltage to be independent of the sensor’'s common mode
voltage it is necessary to satisfy the condition that R4/R3 =
R2/R1. In Figure 4, VOFFSET is produced by R8 and
adjustment pot R9. R3’s value is adjusted such that the total
source impedance into pin 13 is approximately 1 k.

+8 O Z 3 4 :
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*NOTE: FOR MPX2010, R5 = 75 OHMS

Figure 5. Simplified Sensor Specific Interface

Gain is approximately (R6/R5)(R1/R2+1), which is 125 for
the values shown in Figure 4. A gain of 125 is selected to
provide a4 V span for the 32 mV of full scale sensor output that
is obtained with 8 V B+.

The resulting 0.5 V to 4.5 V output from U1C is preferable
to the 0.75 to 4.75 V range developed by the instrument
amplifier configuration in Figure 2. It also uses fewer parts.
This circuit does not have the instrument amplifier's
propensity for oscillation and therefore does not require
compensation capacitor C3 that is shown in Figure 2. It also
requires one less resistor, which in addition to reducing
component count also reduces accumulated tolerances due
to resistor variations.

This circuit as well as the instrumentation amplifier
interfaces in Figures 2 and 3 is designed for direct connection

to a microcomputer A/D input. Using the MC68HC11 as an
example, the interface circuit output is connected to any of the
E ports, such as port EO as shown in Figure 6. To get maximum
accuracy fromthe A/D conversion, VREFH istiedto4.85V and
VREFL is tied to 0.30 V by dividing down a 5 V reference with
1% resistors.

SINGLE SLOPE A/D CONVERTER

The 8 bit A/D converters that are commonly available on
chip in microcomputers are usually well suited to pressure
sensing applications. In applications that require more than 8
bits, the circuit in Figure 7 extends resolution to 11 bits with an
external analog-to-digital converter. It also provides an
interface to digital systems that do not have an internal A/D
function.
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Figure 6. Application Example

Beginning with the ramp generator, a timing ramp is
generated with current source U5 and capacitor C3.
Initialization is provided by Q1 which sets the voltage on C3
at approximately ground. With the values shown, 470 pA
flowinginto 0.47 uF provide approximately a 5 msec ramp time
from zero to 5 V. Assuming zero pressure on the sensor, inputs
to both comparators U2A and U2B are at the same voltage.
Therefore, as the ramp voltage sweeps from zero to 5 V, both
PAO and PA1 will go low at the same time when the ramp
voltage exceeds the common mode voltage. The processor
counts the number of clock cycles between the time that PAO
and PA1 go low, reading zero for zero pressure.

In this circuit, U4A and U4B form the front end of an
instrument amplifier. They differentially amplify the sensor’s
output. The resulting amplified differential signal is then
sampled and held in U1 and U3. The sample and hold function
is performed in order to keep input data constant during the
conversion process. The stabilized signals coming out of U1
and U3 feed a higher output voltage to U2A than U2B,
assuming that pressure is applied to the sensor. Therefore,
the ramp will trip U2B before U2A is tripped, creating a time
difference between PAO going low and PA1 going low. The
processor reads the number of clock cycles between these
two events. This number is then linearly scaled with software
to represent the amplified output voltage, accomplishing the
analog to digital conversion.

When the ramp reaches the reference voltage established
by R9 and R10, comparator U2C is tripped, and a reset
command is generated. To accomplish reset, Q1 is turned on

with an output from PA7, and the sample and hold circuits are
delatched with an output from PB1. Resolution is limited by
clock frequency and ramp linearity. With the ramp generator
shown in Figure 7 and a clock frequency of 2 MHz; resolution
is 11 bits.

From a software point of view, the A/D conversion consists
of latching the sample and hold, reading the value of the
microcomputer’s free running counter, turning off Q1, and
waiting for the three comparator outputs to change state from
logic 1 to logic 0. The analog input voltage is determined by
counting, in 0.5 psec steps, the number of clock cycles
between PAO and PA1 going low.

LONG DISTANCE INTERFACES

Inapplications where there is a significant distance between
the sensor and microcomputer, two types of interfaces are
typically used. They are frequency output and 4-20 mA loops.
In the frequency output topology, pressure is converted into a
zero to 5 V digital signal whose frequency varies linearly with
pressure. A minimum frequency corresponds to zero pressure
and above this, frequency output is determined by a Hz/unit
pressure scaling factor. If minimizing the number of wires to a
remote sensor is the most important design consideration,
4-20 mA current loops are the topology of choice. These loops
utilize power and ground as the 4-20 mA signal line and
therefore require only two wires to the sensor. In this topology
4 mA of total current drain from the sensor corresponds to zero
pressure, and 20 mA to full scale.

Application Notes

5-114

Pressure Sensor Device Data



AN1318

ovd

lad
hd
N46311OH89OW
in
2vd
avd

W4 VL3N %} 3HY SHOLSISIH TV

0314153 3SIMEIHLO SSTINN
310N
VEEINT 7
or dOHdATOd
€l aanNd 4110
" )
@ -—
Oy
VeEINT_~7 *ohe _w| :ﬁ
7 G
| _ 8d [ [ L +
gen 9 s azogcom N 2
en bl -
g8 ga %20v €4
_ ) ' v
T d 02 L
Hzzzo B2
dOHAA10d p ] HOSN3S 3UNSS3Hd
FLIT e z g| SIS 000cXAN
EY ) 1HOAX
o[ & ik
VeEINT 7 ve6E] _ | Teoceom
- ] = A W 1
ven g M S " ) ,./_+/ . o gt
v 1
n
53~ gt
000INZ
10 %S
It %SHGH
%606 iy
o3 |_| L 9
A
64 Jry M whos
ot V6ELA €T LR
e PIENL
W - : < o o1+
L ¢ N
\a £ZvE8M

sn
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A relatively straightforward circuit for converting pressure to
frequency is shown in Figure 8. It consists of three basic parts.
The interface amplifier is the same circuit that was described
in Figure 4. Its 0.5 t0 4.5 V output is fed directly into an AD654
voltage-to-frequency converter. On the AD654, C3 sets
nominal output frequency. Zero pressure output is calibrated
to 1 kHz by adjusting the zero pressure input voltage with R3.
Full scale adjustments are made with R12 which sets the full
scale frequency to 10 kHz. The output of the AD654 is then fed
into a buffer consisting of Q1 and R10. The buffer is used to
clean up the edges and level translate the output to 5 V.
Advantages of this approach are that the frequency output is
easily read by a microcomputer’s timer and transmission over

atwisted pair line is relatively easy. Where very long distances
are involved, the primary disadvantage is that 3 wires (Vcc,
ground and an output line) are routed to the sensor.

A 4-20 mA loop reduces the number of wires to two. Its
output is embedded in the Vo and ground lines as an active
current source. A straightforward way to apply this technique
to pressure sensing is shown in Figure 9. In this figure an
MPX7000 series high impedance pressure sensor is mated to
an XTR101 4-20 mA two-wire transmitter. It is set up to pull 4
mA from its power line at zero pressure and 20 mA at full
scale. At the receiving end a 240 ohm resistor referenced to
signal ground will provide a 0.96 to 4.8 V signal that is suitable
for microcomputer A/D inputs.

/ 2mA
—
4-20 mA OUTPUT
—H—-—|—+ |
XDCR1 |4 2 D1 | [ L sy
MPX7000 R3 1N4002 I | =
SERIES 30 _ _
=5 o, XX
4 1 [~ .01 uF IJ ~_ 96-4.8V
R5 | | |
100 I I
Y \ | | % PLOOP
D2 I 240
1N4565A SPAN | | |
64V@ 5mA - -
RETURN 7
v
R & OFFSET
1% 3

Figure 9. 4-20 mA Pressure Transducer

Bias for the sensor is provided by two 1 mA current sources
(pins 10 and 11) that are tied in parallel and run into a 1IN4565A
6.4 V temperature compensated zener reference. The
sensor’s differential output is fed directly into XTR101's
inverting and non-inverting inputs. Zero pressure offset is
calibrated to 4 mA with R6. Biased with 6.4 V, the sensor’s full
scale output is 24.8 mV. Given this input R3 + R5 nominally
total 64 ohms to produce the 16 mA span required for 20 mA
full scale. Calibration is set with R5.

The XTR101 requires that the differential input voltage at
pins 3 and 4 has a common mode voltage between 4 and 6 V.
The sensor’'s common mode voltage is one half its supply
voltage or 3.2 V. R2 boosts this common mode voltage by
1ke2mAor2V, establishing a common mode voltage for
the transmitter’s input of 5.2 V. To allow operation over a 12
to 40V range, dissipation is off-loaded from the IC by boosting
the output with Q1 and R1. D1 is also included for protection.
It prohibits reverse polarity from causing damage.
Advantages of this topology include simplicity and, of course,
the two wire interface.
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Figure 10. MPX5100 LCD Pressure Gauge
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DIRECT INTERFACE WITH INTEGRATED
SENSORS

The simplestinterface is achieved with an integrated sensor
and a microcomputer that has an on-chip A/D converter.
Figure 10 shows an LCD pressure gauge that is made with an
MPX5100 integrated sensor and MC68HCO05 microcomputer.
Although the total schematic is reasonably complicated, the
interface between the sensor and the micro is a single wire.
The MPX5100 has an internal amplifier that outputs a 0.5 to
4.5V signal that inputs directly to A/D port PD5 on the HCO05.

The software in this system is written such that the
processor assumes zero pressure at power up, reads the
sensor’s output voltage, and stores this value as zero
pressure offset. Full scale span is adjustable with jumpers J1
and J2. For this particular system the software is written such
thatwith J1 outand J2in, spanis decreased by 1.5%. Similarly
with J1 in and J2 out, span is increased by 1.5%. Given the +
2.5% full scale spec on the sensor, these jumpers allow
calibration to + 1% without the use of pots.

MIX AND MATCH

The circuits that have been described so far are intended to
be used as functional blocks. They may be combined in a
variety of ways to meet the particular needs of an application.
For example, the Frequency Output Pressure Sensor in
Figure 8 uses the sensor interface circuit deséribed in Figure
4 to provide an input to the voltage-to-frequency converter.
Alternately, an MPX5100 could be directly connected to pin 4
of the AD654 or the output of Figure 3's. Precision
Instrumentation Amplifier Interface could by substituted in the
same way. Similarly, the Pressure Gauge described in Figure
10 could be constructed with any of the interfaces that have
been described.

CONCLUSION

The circuits that have been shown here are intended to

- make interfacing semiconductor pressure sensors to digital

systems easier. They provide cost effective and relatively
simple ways of interfacing sensors to microcomputers. The
seven different circuits contain many tradeoffs that can be
matched to the needs of individual applications. When
considering these tradeoffs it is important to throw software
into the equation. Techniques such as automatic zero
pressure calibration can allow one of the inexpensive analog
interfaces to provide performance that could otherwise only be
obtained with a more costly precision interface.
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INTRODUCTION

Bar Graph displays are noted for their ability to very quickly
convey a relative sense of how much of something is present.
They are particularly useful in process monitoring applications
where quick communication of a relative value is more
important than providing specific data.

Designing bar graph pressure gauges based upon
semiconductor pressure sensors is relatively straightforward.
The sensors can be interfaced to bar graph display drive IC’s,
microcomputers and MC33161 voltage monitors. Design
examples for all three types are included.

BAR GRAPH DISPLAY DRIVER

Interfacing semiconductor pressure sensors toa bargraph
display IC such as an LM3914 s very similar to
microcomputerinterface. The same .5 to4.5 V analog signal
that a microcomputer’s A/D converter wants to see is also
quite suitable for driving an LM3914. In Figure 1, this
interface is provided by dual op amp U2 and several
resistors.

The op amp interface amplifies and level shifts the sensor’s
output. To see how this amplifier works, simplify it by
grounding the output of voltage divider R3, R5. If the
common mode voltage at pins 2 &4 of the sensoris 4.0V,
then pin 2 of U2A and pin 6 of U2B are also at 4.0 V. This
puts 4.0V across R6. Assuming that the currentin R4 is
equal to the current in R6, 323 uA ¢ 100 ohms produces a 32
mV drop across R4 which adds to the 4.0 V at pin2. The
outputvoltage atpin 10of U2Ais, therefore, 4.032 V. This puts
4.032-4.0V across R2, producing 43 uA. The same current
flowing through R1 again produces a voltage drop of 4.0V,
which sets the output at zero. Substituting a divider output
greater than zero into this calculation reveals that the zero
pressure output voltage is equal to the output voltage of
divider R3, R5. For this DC output voltage to be independent
of the sensor's common mode voltage, it is necessary to
satisfy the condition that R1/R2 = R6/R4.

Gain can be determined by assuming a differential output
atthe sensor and going through the same calculation. To do
this assume 100 mV of differential output, which puts pin 2

of U2A at 3.95 V, and pin 6 of U2B at 4.05 V. Therefore, 3.95
Vis applied to R6, generating 319 pA. This current flowing
through R4 produces 31.9 mV, placing pin 1 of U2A at 3950
mV +31.9mV =3982 mV. The voltage across R2 is then 4050
mV — 3982 mV = 68 mV, which produces a current of 91 pA
that flows into R1. The output voltage is then 4.05V + (91
WA ¢ 93.1k) = 12,5 V. Dividing 12.5 V by the 100 mV input
yields a gain of 125, which providesa 4.0V span for 32
mV of full scale sensor output.

Setting divider R3, R5 at 0.5 Vresultsina .5V to 4.5V
outputthat is easily tied to an LM3914. The block diagram that
appears in Figure 2 shows the LM3914’s internal
architecture. Since the lower resistor in the input
comparator chain is pinned out at R0, it is a simple matter to
tie this pin to a voltage that is approximately equal to the
interface circuits 0.5 V zero pressure output voltage.
Returningto Figure 1, thisis accomplished by using the zero
pressure offset voltage that is generated at the output of
divider R3, R5.

Again looking at Figure 1, full scale is set by adjusting the
upper comparator’s reference voltage to match the sensor’s
output at full pressure. An internal regulator on the LM3914
sets this voltage with the aid of resistors R7, R9, and
adjustment pot R8.

Eight volt regulated power is supplied by an MC78L08. The
LED’s are powered directly from LM3914 outputs, which are
set up as current sources. Output current to each LED is
approximately 10 times the reference current that flows from
pin 7 through R7, R8, and R9 to ground. In this design it is
nominally (4.5 V/4.9 k)10 = 9.2 mA.

Over a zero to 50° C temperature range combined
accuracy for the sensor, interface, and driver IC are +10%.
Given a 10 segment display total accuracy for the bar graph
readout is approximately + (10 kPa +10%).

This circuit can be simplified by substituting an MPX5100
integrated sensor for the MPX2100 and the op amp interface.
The resulting schematic is shown in Figure 3. In this case zero
reference for the bar graph is provided by dividing down the
5V regulator with R4, R1 and adjustment pot R6. The voltage
at the wiper of R6 is adjusted to match the sensor’s zero
pressure offset voltage. It is connected to R| O to zero the bar
graph.
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MICROCOMPUTER BAR GRAPH

Microcomputers with internal A/D converters such as an
MC68HCO05B5 lend themselves to easily creating bar graphs.
Using the A/D converter to measure the sensor’s analog
output voltage and output ports to individually switch LED’s
makes a relatively straightforward pressure gauge. This type
of design is facilitated by a new MDC4510A gated current sink.
The MDC4510A takes one of the processor’s logic outputs
and switches 10 mA to an LED. One advantage of this
approach is that it is very flexible regarding the number of
segments that are used, and has the availability through
software to independently adjust scaling factors for each
segment. This approach is particularly useful for process
monitoring in systems where a microprocessor is already in
place.

Figure 4 shows a direct connection from an MPX5100
sensor to the microcomputer. Similar to the previous example,
an MPX2000 series sensor with the op amp interface that is
shown in Figure 1 can be substituted for the MPX5100. In this
case the op amp interface’s output at pin 7 ties to port PD5,
and its supply needs to come from a source greater than
6.5 V.

PROCESS MONITOR

For applications where an inexpensive HIGH-LOW-OK
process monitor is required, the circuit in Figure 5 does a good
job. It uses an MC33161 Universal Voltage Monitor and the
same analog interface previously described to indicate high,
low or in-range pressure.

Ablock diagram of the MC33161 is illustrated in Figure 6.
By tying pin 1 to pin 7 it is set up as a window detector.
Wheneverinput 1 exceeds 1.27V, two logic ones are placed
at the inputs of its exclusive OR gate, turning off output 1.
Therefore this output is on unless the lower threshold is
exceeded. When, 1.27 V is exceeded oninput 2, justthe
opposite occurs. A single logic one appears at its exclusive
OR gate, turning on output 2. These two outputs drive LED’s
through MDC4010A 10 mA current sources to indicate low
pressure and high pressure.

Returning to Figure 5, an in-range indication is developed
by turning on current source 11 whenever both the high and
low outputs are off. This function is accomplished with a
discrete gate made from D1, D2 and R7. Its output feeds the

input of switched current source 11, turning it on with R7 when
neither D1 nor D2 is forward biased.

Thresholds are set independently with R8 and R9. They
sample the same 4.0 V full scale spanthatis usedinthe other
examples. However, zero pressure offset is targeted for 1.3
V. This voltage was chosen to approximate the 1.27 V
reference at both inputs, which avoids throwing away the
sensor's analog output signal to overcome the MC33161’s
inputthreshold. Inaddition, R10 &R11 are selected such that
at full scale output, ie., 5.3 V on pin 7, the low side of the pots
isnominally at 1.1 V. This keeps the minimum input just below
the comparator thresholds of 1.27 V, and maximizes the
resolution available from adjustment pots R8 & R9. When
level adjustment is not desired, R8 — R11 can be replaced by
a simpler string of three fixed resistors.

CONCLUSION

The circuits that have been shown here are intended to
make simple, practical and cost effective bar graph pressure
gauges. Their application involves a variety of trade-offs that
can be matched to the needs of individual applications. In
general, the most important trade-offs are the number of
segments required and processor utilization. If the system in
which the bar graph is used already has a microprocessor with
unused A/D channels and I/O ports, tying MDC4510A current
sources to the unused output ports is a very cost effective
solution. On a stand-alone basis, the MC33161 based
process monitor is the most cost effective where only 2 or 3
segments are required. Applications that require a larger
number of segments are generally best served by one of the
circuits that uses a dedicated bar graph display.
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INTRODUCTION
Compensated semiconductor pressure sensors such as is directly compatible with Microcomputer A/D inputs. A
the MPX2000 family are relatively easy to interface with digital description of an Evaluation Board and design considerations
systems. With these sensors and the circuitry that is described are presented as follows.

here, pressure is translated into a 0.5t0 4.5 V output range that

Figure 1. DEVB173 Sensor Building Block Evaluation Board
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EVALUATION BOARD DESCRIPTION

A summary of the information required to use the Sensor
Mini Block evaluation board, part number DEVB173, is
presented as follows. A discussion of the design appears
under the heading Design Considerations.

FUNCTION

The evaluation board shown in Figure 1 is designed to
translate pressure, vacuum, or differential pressure into a
single-ended, ground referenced voltage that is suitable for
direct input to microcomputer A/D ports. It has two input ports.
P1, the pressure port, is on the top side of the sensor and P2,
a vacuum port, is on the bottom side. These ports can be
supplied pressure on P1 or vacuum on P2, or a differential
pressure between P1 and P2. Any of these sources will
produce equivalent outputs.

The output is a ground referenced analog signal. It
nominally supplies 0.5 V at zero pressure and 4.5 V at full
scale. A zero adjustment has been made at the factory with
trim resistor R7. Full scale output is approximately 4 V above
the zero setting.

ELECTRICAL CHARACTERISTICS
The following electrical characteristics are included as a
guide to operation.

Characteristic Symbol | Min | Typ | Max | Units
Power Supply Voltage B+ 10 — 30 Volts
Full Scale Pressure PFs kPa

MPX2010 — —_ 10

MPX2050 — — 50

MPX2100 — — 100

MPX2200 —_— —_ 200

MPX2700 —_ — 700
Overpressure Pmax | — —_ 700 kPa
Full Scale Output VFs — 45 - Volts
Zero Pressure Offset | VOFF — 0.5 - Volts
Sensitivity SaouT | — MVPEs| — V/kPa
Quiescent Current Icc — 25 — mA

CONTENT

Board contents are described in the following parts list and
schematic. A pin-by-pin circuit description follows in the next
section.

Table 1. Parts List

Designator Qty. Description Value Vendor Part
C1 1 Ceramic Capacitor 0.2 uF
Cc2 1 Ceramic Capacitor 0.2 uF
Cc3 1 Ceramic Capacitor 0.001 puF
R1* 1 1/4 Watt Film Resistor 93.1k 1%
R2 1 1/4 Watt Film Resistor 750 1%
R3 1 1/4 Watt Film Resistor 39.2k 1%
R4* i 1/4 Watt Fiim Resistor 100 1%
RS 1 1/4 Watt Film Resistor 133k 1%
R6 1 1/4 Watt Film Resistor Mki1%
R7 1 1/4 Watt Film Resistor Trim
U1 1 Op Amp Motorola MC33272P
U2 1 8 V Regulator Motorola MC78LOBACP
XDCR1 1 Pressure Sensor Motorola MPX2100DP

*For MPX2010 Sensors R1 = 150 k & R4 = 61.9 ohms

PIN-BY-PIN DESCRIPTION

B+:
Input power is supplied at the B+ terminal. Minimum input
voltage is 6.8 V and maximum is 30 V.

OUT:

Ananalog output is supplied at the OUT terminal. The signal
it provides is nominally 0.5 V at zero pressure and 4.5 V atfull
scale. This output is designed to be directly connected to a
microcomputer A/D channel, such as one of the E ports on an
MC68HC11.

GND:

The terminal labeled GND is intended for use as the power
supply return. It is generally advisable to leave enough bare
wire going into this terminal to conveniently provide a
connection for instrumentation ground clips.

P1, P2:

Pressure and Vacuum ports P1 & P2 protrude from the
sensor on the right side of the board. Pressure port P1 is on
the top and vacuum port P2 is on the bottom. Neither port is
labeled. Maximum safe pressure is 700 kPa.
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DESIGN CONSIDERATIONS

When interfacing semiconductor pressure sensors to
microcomputers, the design challenge is how to take a
relatively small DC coupled differential signal and produce a
ground referenced output that is suitable for driving A/D
inputs. A very simple interface circuit that will do this job is
shown in Figure 2. It uses one dual op amp and several
resistors to amplify and level shift the sensor’s output. To see
how this amplifier works, let's simplify it in Figure 3, and
assume VOFFSET is zero. Ifthe common mode voltage at pins
2 & 4 of the sensor is 4.0 V, then pin 2 of U2A and pin 6 of U2B
are alsoat4.0 V. This puts 4.0 V across R6. Assuming that the
current in R4 isequal to the current in R6, 323 pA x 100 ohms
produces a 32 mV drop across R4 which adds to the 4.0.V at
pin 2. The output voltage at pin 1 of U2A is, therefore, 4.032
V. This puts 4.032 — 4.0 V across R2, producing 43 pA. The
same current flowing through R1 again produces a voltage
drop of 4.0 V, which sets the output at zero. Substituting a
value for VOFFSET other than zerointo this calculation reveals
thatthe zero pressure outputvoltage equals VOFFSET. Forthis
DC output voltage to be independent of the sensor’'s common
mode voltage it is necessary to satisfy the condition that
R1/R2 = R6/R4.

Gain can be determined by assuming a differential output at

the sensor and going throygh the same calculation. To do this
assume 100 mV of differential output, which puts pin 3 of U2A
at 3.95 V, and pin 5 of U2B at 4.05 V. Therefore, 3.95 V is
applied to R6, generating 319 puA. This current flowing through
R4 produces 31.9 mV, placing pin 1 of U2A at 3950 mV + 31.9
mV =3982 mV. The voltage across R2 is then 4050 mV — 3982
mV =68 mV, which produces a current of 91 uA that flows into
R1. The output voltage is then 4.05V + (91 pA 93.1 k) = 12.5
V. Dividing 12.5 V by the 100 mV input yields a gain of 125,
which provides a 4 V span for 32 mV of full scale sensor
output.

Returningto Figure 2,2 0.5V VOFFSET is generated by the
divider consisting of R3, R5, and R7. To keep the input
impedance looking into pin 2 of U2A at 12.4 k, R6 is chosen
as 11 k. The divider impedance is then chosen to nominally be
1.4 k, providing a total of 12.4 k. For purposes of analysis, the
complete circuit in Figure 2 is then equivalent to Figure 3 with
a VOFFSET input of 0.5 V.

The resulting 0.5 V to 4.5 V output from pin 7 of U2B is
directly compatible with microprocessor A/D inputs. Over a
zero to 50°C temperature range combined accuracy for the
sensor and interface is +5%.

APPLICATION

Using the Sensor Mini Block’s analog output to provide
pressure information to a microcomputer is very
straightforward. The output voltage range which goes from 0.5
V at zero pressure to 4.5 V at full scale is designed to make

optimum use of microcomputer A/D inputs. A direct
connection from the evaluation board output to an A/D input
isallthatis required. Using the MC68HC 11 as an example, the
output is connected to any of the E ports, such as port EO.

CHANGING SENSORS

In order to change pressure ranges, MPX2050, MPX2100,
MPX2200, and MPX2700 pressure sensors can be
substituted directly for each other. When one of these sensors
is substituted for another, the 4.5 V full scale output will remain
the same and correspond to the new sensor’s full scale
pressure specification. For example, substituting an
MPX2200 200 kPa sensor for an MPX2100 100 kPa unit will

change the full scale output from 4.5V at 100 kPato 4.5 V at
200 kPa. To make this translation with an MPX2010 requires
changing R1 from §3.1 k to 150 k and R4 from 100 ohims o
61.9 ohms. With R1 at 93.1 k and R4 at 100 ohms, full scale
span for an MPX2010 is only 2.5 V, producing a nominal full
scale output voltage of 3.0 V.

FURTHER SIMPLIFICATION

In non-demanding applications the 7 resistor topology that
is shown in Figure 2 can be reduced to 5, by eliminating R6 &
R7. Without R7 the zero pressure offset is untrimmed.
However, in microprocessor based systems it is relatively
easy to read the zero pressure offset voltage, store it, and
calibrate in software. This can be done automatically when the
unit powers up, or as a calibration procedure. R6 can be
eliminated (reduced to zero ohms) by directly connecting the
R3, R5 divider to pin 2. The output impedance of this divider
then needs to be choosen such that its ratio with R4 = R1/R2,
in other words [R3e¢R5/(R3+R5)/R4 = R1/R2. Given the

values in Figure 2, this would mean R3 =200 k, R5 = 13.3 k,
R6 =0, and R7 is open. In an untrimmed system, there is no
real disadvantage to doing this, provided that the ratios can be
sufficiently matched with standard resistor values.

The other option is to eliminate R6 and trim R3 with R7. This
situation is somewhat different. The trimming operation will
throw the ratio off, and reduce common mode rejection.
Typically several percent of any change in the sensor’s
common mode voltage will show up as an output error when
this configuration is used.

CONCLUSION

Perhaps the most noteworthy aspect to the sensor amplifier
described here is its simplicity. The interface between an
MPX2000 series sensor and a microcomputer A/D consists of

one dual op amp and a few resistors. The resultis a simple and
inexpensive circuit that is capable of measuring pressure,
vacuum or differential pressure.
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INTRODUCTION

Amplifiers for interfacing Semiconductor Pressure Sensors
to electronic systems have historically been based upon
classicinstrumentation amplifier designs. Instrumentation
amplifiers have been widely used because they are well
understood standard  building blocks that also work
reasonably well. For the specific job of interfacing
Semiconductor Pressure Sensors to today’s mostly digital
systems, other circuits can do a better job. This application
note presents an evolution of amplifier design that begins with
a classic instrumentation amplifier and ends with a simpler
circuit thatis better suited to sensor interface.

INTERFACE AMPLIFIER REQUIREMENTS

Design requirements for interface amplifiers are
determined by the sensor’s output characteristics, and the
zeroto 5 Vinput range that is acceptable to microcomputer
A/D converters.  Since the sensor’s full scale output is
typically tens of millivolts, the most obvious requirement is
gain. Gains from 100 to 250 are generally needed,
depending upon bias voltage applied to the sensor and
maximum pressure to be measured. A differential to

single-ended conversion is also required in order to translate
the sensor’s differential outputinto a single ended analog
signal. In addition, level shifting is necessary to convert the
sensor’s 1/2 B+ common mode voltage to an appropriate DC
level. For microcomputer A/D inputs, generally that level is
from .3 — 1.0 V. Typical design targets are .5 V at zero
pressure and enough gain to produce 4.5 V at full scale.
The .5 V zero pressure offset allows for output saturation
voltage in op amps operated with a single supply (VEg = 0).
At the other end, 4.5 V full scale keeps the output within an
A/D converter’s 5 V range with a comfortable margin for
component tolerances. The resulting .5 to 45 V
single-ended analog signal is also quite suitable fora variety
of other applications such as bar graph pressure gauges and
process monitors.

CLASSIC INSTRUMENTATION AMPLIFIER

A classic instrumentation amplifier is shown in Figure 1.
This circuit provides the gain, level shifting and differential
to single-ended conversion that are required for sensor
interface. It does not, however, provide for single supply
operation with a zero pressure offset voltage in the desired
range.

uiB
MC33274 R4 1k R31k
— A ANV AN
R8 15k u1c
, Mezre = .
i OUTPUT
C3.001 uF
R10
%
240 3 R9 15k
—AW AN *\/F}/z\v
U1A RS Tk
MC33274 Tk
2 1 * NOTE: FOR MPX2020 R10 = 150 OHMS
1
VEE

Figure 1. Classic Instrumentation Amplifier
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*NOTE: FOR MPX2010 R10 = 150 OHMS

To provide the desired DC offset, a slight modification is
made in Figure 2. R3 is connected to pin 14 of U1D, which
supplies a buffered offset voltage that is derived from the
wiper of R6. This voltage establishes a DC output for zero
differential input. The translation is one to one. Whatever
voltage appears at the wiper of R6 will, within component
tolerances, appear as the zero pressure DC offset voltage at
the output.

With R10 at 240 Q gain is set for a nominal value of 125,
providinga 4V span for 32 mV of full scale sensor output.
Setting the offset voltage to .75 V, resultsina .75V t04.75V
output that is directly compatible with microprocessor A/D
inputs.

This circuit works reasonably well, but has several notable
limitations when made with discrete components. First,ithas
a relatively large number of resistors that have to be well
matched. Failure to match these resistors degrades
common mode rejection and initial tolerance on zero pressure
offset voltage. It also has two amplifiers in one gain loop,
which makes stability more of an issue than it is in the
following two alternatives. This circuit also has more of a
limitation on zero pressure offset voltage than the other two.
The minimum output voltage of U1D restricts the minimum
zero pressure offset voltage that can be accommodated,
given component tolerances. The result is a .75 V zero
pressure offset voltage, compared to .5 V for each of the
following two circuits.

(D)
MC33274
MC33274 o R3 1k
AN AN AN
R8 15k 1k uic
I} 10 MC33274
c3''0.001 pF 3 8
> Ri0 9] —<_OUTPUT
240
R9 RS R2
ANV W% A\
15k 1k 1k
U1A
9, MC33274
1

Figure 2. Instrumentation Amplifier Interface

SENSOR SPECIFIC AMPLIFIER

The limitations associated with classic instrumentation
amplifiers suggest that alternate approaches to sensor
interface design are worth looking at. One such approach is
shown in Figure 3. It uses one quad op amp and several
resistors to amplify and level shift the sensor’s output.

Most of the amplification is done in U1A, which is
configured as a differential amplifier. It is isolated from the
sensor’s minus output by U1B. The purpose of U1B is to
prevent feedback current that flows through R5 & R6 from
flowing into the sensor. At zero pressure the voltage from pin
2 topin 4 on the sensor is zero V. For example, assume that
the common mode voltage is 4.0 V. The zero pressure output
voltage at pin 1 of UT1Aisthen 4.0 V, since any other voltage
would be coupled back to pin 2 via R6 and create a non zero
bias across U1A's differential inputs. This 4.0V zero pressure
DC output voltage is then level translated to the desired
zero pressure offset voltage by U1C and U1D. To see how
the level translation works, assume that the wiper of R9 is at
ground. With 4.0 V at pin 12, pin 13 is also at 4.0 V. This
leaves 4.0 V across (R3+R9), which total essentially 1 k Q.
Since no current flows into pin 13, the same current flows
through R4, producing approximately 4.0 V across R4, as
well. Adding the voltages (4.0 +4.0) yields 8.0 V at pin 14.
Similarly 4.0 V at pin 10 implies 4.0 V at pin 9, and the drop
across R2is 8.0V —-4.0 =4.0 V. Again 4.0 V across R2
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implies an equal drop across R1, and the voltage at pin 8 is
4.0V - 4.0V =0V. Inpractice, the output of U1C will not go
all the way to ground, and the voltage injected by R8 at the
wiper of R9is approximately translated into a DC offset.

Gain is approximately equal to R6/R5(R1/R2+1), which
predicts 125 for the values shown in Figure 3. A more exact
caicuiation can be performed by doing a nodai anaiysis,
whichyields 127. Cascading the gains of U1A and U1C using
standard op amp gain equations does not give an exact
result, because the sensor’s negative going differential
signal at pin 4 subtracts from the DC level that is amplified
by U1C. Setting offset to .5 V results in an analog zero to full
scale range of .5 to 4.5 V. For this DC output voltage to be
independent of the sensor’'s common mode voltage it is
necessary to satisfy the condition that R1/R2 = (R3+R9)/R4.

This approach to interface amplifier design is an
improvement over the classic instrument amplifier in that it
uses fewer resistors, is inherently more stable, and
provides a zero pressure output voltage that can be targeted
at.5V. It has the same tolerance problem from matching
discrete resistors that is associated with classic instrument
amplifiers.

SENSOR MINI AMP

Further improvements can be made with the circuit that is
shown in Figure 4. It uses one dual op amp and several
resistors to amplify and level shift the sensor’s output. To see
how this amplifier works, let’s simplify it by grounding the
outputof voltage divider R3, R5 and assuming thatthe divider
impedance is added to R6, such that R6 = 12.4 k. If the
common mode voltage at pins 2 & 4 of the sensoris 4.0V,

Figure 3. Sensor Specific Amplifier

then pin 2 of U2A and pin 6 of U2B are also at 4.0 V. This puts
4.0 V across R6, producing 323 pA. Assuming that the
current in R4 is equal to the current in R6, 323 uA ¢ 100 Q
produces a 32 mV drop across R4 which adds to the 4.0 V
at pin 2. The output voltage at pin 1 of U2A is, therefore,
4.032 V. This puts 4.032 —4.0 V across R2, producing 43 pA.
The same current fiowing through R1 again produces a
voltage drop of 4.0 V, which sets the output at zero.
Substituting a divider output greater than zero into this
calculation reveals that the zero pressure output voltage is
equal to the output voltage of divider R3, R5. For this DC
output voltage to be independent of the sensor’s common
mode voltage it is necessary to satisfy the condition that
R1/R2 = R6/R4, where R6 includes the divider impedance.

Gain can be determined by assuming a differential output
atthe sensor and going through the same calculation. To do
this assume 100 mV of differential output, which puts pin 2 of
U2A at 3.95 V, and pin 6 of U2B at 4.05 V. Therefore, 3.95 V
is applied to R6, generating 319 uA. This current flowing
through R4 produces 31.9 mV, placing pin 1 of U2A at 3950
mV + 31.9 mV = 3982 mV. The voltage across R2 is then
4050 mV —~ 3982 mV = 68 mV, which produces a current of
91 pA that flows into R1. The output voltage is then 4.05 V
+ (91 nA e 93.1 k) =12.5 V. Dividing 12.5 V by 'the 100 mV
input yields a gain of 125, which provides a 4 V span for
32mV of full scale sensoroutput. Setting divider R3, R5 at
.5 Vresultsina .5V to 4.5V output that is comparable to the
other two circuits.

This circuit performs the same function as the other two
with significantly fewer components and lower cost. In most
cases it is the optimum choice for a low cost interface
amplifier.
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Figure 4. Sensor Mini Amp

PERFORMANCE

Performance differences between the three topologies
are minor.  Accuracy is much more dependent upon the
quality of the resistors and amplifiers that are used and less
dependent on which of the three circuits are chosen. For
example, input offset voltage error is essentially the same
for all three circuits. Toa firstorder approximation, itis equal
to total gain times the difference in offset between the two
amplifiers that are directly tied to the sensor. Errors due to
resistor tolerances are somewhat dependent upon circuit
topology. However, they are much more dependent upon the

choice of resistors. Choosing 1% resistors rather than 5%
resistors has a much larger impact on performance than the
minor differences that result from circuit topology.
Assuming a zero pressure offset adjustment, any of these
circuits with an MPX2000 series sensor, 1% resistors and an
MC33274 amplifier results in a + 5% pressure to voltage
translation from 0 to 50° C. Software calibration can
significantly improve these numbers and eliminate the need
for analog trim.

CONCLUSION

Although the classic instrumentation amplifier is the best
known and most frequently used sensor interface amplifier,
itis generally not the optimal choice for inexpensive circuits
made from discrete components. The circuit that is shown

in Figure 4 performs the same interface function with
significantly fewer components, less board space and at a
lower cost. It is generally the preferred interface topology for
MPX2000 series semiconductor pressure sensors.
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Package Outline Dimensions

B NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
. CONTROLLING DIMENSION: INCH.
. CONTOUR OF PACKAGE BEYOND DIMR IS

—-IA

!

T
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_— A | 445 | 520 | 0175 | 0205
XY|¥X D B | 432 | 533 | 0170 | 0210
—» ld—G C_| 318 [ 419 | 0.125 | 0.165
H le— D | 041 | 055 | 0.016 | 0.022
> J F_| 041 | 048 | 0016 ] 0.019
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R | 203 | — |oi6] —
343 | — o015 | —
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SILICON TEMPERATURE SENSOR

NOTES:

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.

STYLE 1: STYLE 2:
PIN 1. GROUND PIN1. Voo 344-01 THRU -04 OBSOLETE.
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PACKAGE OUTLINE DIMENSIONS (continued)

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

L — Y14.5M, 1982
H 2. CONTROLLING DIMENSION: INCH.
H 3. 350-01 OBSOLETE, NEW STANDARD 350-03.

MILLIMETERS INCHES

PORT #1 M M [ MIN_| MAX | MIN | WAX
POSITIVE — | Tt Eed 28.95 | 29.97 | 1.140 | 1.180
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=3
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= F
C G

EHs

—H—+4E

12(34

o |z|®|no|o|m|>
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“A-
v NOTES:
_T- | SEATING L 1. DIMENSIONING AND TOLERANCING PER ANSI

PLANE Y145, 1982

R VAGUU —~ ' H 2. CONTROLLING DIMENSION: INCH.
— ™ POSITIVE 2. 350-02 OBSOLETE, NEW STANDARD 350-04.
/_ PRESSURE
WILLIMETERS | INCHES
m DIM [ MIN | MAX | MIN | MAX
A 28.95 | 29.97 | 1.140 | 1.180
B | 17.39 | 18.16 | 0.685 | 0715
C 7.74 8.15 | 0.305 | 0.321
R | A D | 040 | 050 | 0.016] 0020
¢ ) F | 121 ] 132 [ 0.048 | 0052
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H

4.62 92 182 1
C [——
J

]

A—>
[

|
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CASE 350-04
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PACKAGE OUTLINE DIMENSIONS (continued)

r‘—A—| NOTES:
-A- 1. DIMENSIONING AND TOLERANCING PER ANSI
v PORT #1 u Y14.5M, 1982.
Wt L 2, CONTROLLING DIMENSION: INCH,
R—> H 3, 352-01 OBSOLETE, NEW STANDARD 352-02.
PORT #2 PORT #2 WMILLIMETERS | INCHES
vacuum — | | —— PORT# | DiM [ MIN | mAX | mIN | MAX
\7 N ?ﬁ POSITIVE PRESSURE A | 2895 | 2097 | 1.140 [ 1.180
¥ B | 17.30 | 18.16 | 0.685 | 0.715
T il -Q-] C_| 965 [ 1066 | 0.380 | 0.420
1 D | 040 | 050 | 0016 | 0020
7S [|| A STYLE 1: F_| 121 [ 132 | 0.048 | 0052
SEATING B SEATING D Tt \W) PIN 1. GROUND 2.54 BSC .100BSC__|
PLANE | PLANE 2. + OUTPUT 462 | 492 | 0182 | 0.194
PN 12|34 3. +SUPPLY 035 | 040 | 0014 | 0016
R 4. - OUTPUT 17.39 | 18.16 | 0.685 | 0.715
| -P- { 34 | 7,62 | 0290 | 030
0.25 (0.010) T/ Q STYLE 2: OBSOLETE 1067 1 1092 | 0420 | 0.430
-T- -T- [#[025 0010 @ [1] @ 88 | 401 | 0.153 | 0.158
J { 88 | 4.01 | 0153 | 0.158
60 | 210 | 0.063 | 0.083
—
c 5.84 AE 230 REF
D 4PL 23.11BSC 910 BSC
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[#]01310005 BT s®[ 0 O] 767 | 838 | 0310 | u@
CASE 352-02
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I-
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(-Q-]
—| E [ u /——-
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1. DIMENSIONING AND TOLERANCING PER ANS!
)} = Y14,5M, 1982,
_____ o~ 2. CONTROLLING DIMENSION: INCH.
2 /1 ¢ 3. 371C-01 OBSOLETE, NEW STANDARD 371C-02.
v L/ s \l N B MILLIMETERS INCHES
DIM [ MIN | MAX | MIN | MAX
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voRTH N 13 | 1651 | 0635 | 0.650
41 | 050 | 0016 | 0.020
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PIN 1. GROUND 17.40 | 18.16 .685 715
DarL 2.V (+) OUT 21.33 | 21.84 | 0.840 | 0.860 |
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[#]o13 0005 ® [T PO]Q ®] 4 V() ouT

CASE 371C-02

PRESSURE SIDE PORTED (ASX, GSX)

Package Outline Dimensions

Pressure Sensor Device Data




PACKAGE OUTLINE DIMENSIONS (continued)

c>

POSITIVE
PRESSURE ™

=
]
o— N B
J i
VAGUUn M
-P- 1| 12113 [4
(400250010 ® [T Q@] v S
K

—
Z<

\

f

STYLE 1
PIN 1. GROUND

J—>lle— F LG f
DarL 2.V (+) OUT

[#]013 0005 ® [T P®] 0 ®] Rt

CASE 371D-02

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. 371D-01 OBSOLETE, NEW STANDARD 371D-02.

=4
=

[ WILLIETERS |

MIN | MAX
27.94 | 30.48

[ INCAES ]
MIN MAX
1.100 | 1.200

18.80 | 19.30

0.740 | 0.760

16.13 | 16.51

0.635 | 0.650

041 0.50

0.016 | 0.020

4.06 | 457

0.160 | 0.180

1.22 | 1.32

0.048 | 0.052

2.54 BSC

0.100 BSC

0.36 | 0.40

0.014 | 0.016

5.84 REF

0.230 REF

178 [ 203

3.81 4.06

3.81 4.06

0.070 | 0.080
0.150 | 0.160
0.150 | 0.160

11.30 | 11.68

0.445 | 0.460

17.40 | 18.16

0.685 | 0.715

21.33 [ 2184

<| | | =| of v| 2| x| ~|®| 7| m|o|o|m| >

469 | 495 | 0.185 | 0.195

0.840 | 0.860

VACUUM SIDE PORTED (GVSX)

PORT #2
vacuum  [<——C

PRESSURE

POSITIVE
PRESSURE STYLE 1:

PIN 1. GROUND
+OUTPUT
+SUPPLY

- OUTPUT

Eal ol Md

{
v

PIN®
} T STYLE 2: OBSOLETE

LI B S P -t

—

!

DarL

[#]013(0005) ® [T B ® |

SEATING
pLANE LT

CASE 371-05

OTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. 371-01 AND -03 OBSOLETE, NEW STANDARD

371-05.

[ WILLIVETERS |

MIN
17.58

o
e

6.28

[ 18.28 | 0.690 | 0.720

INCHES
MIN | MAX

0.247 | 0.253

0.780 | 0.820
0.016 | 0.020

0.048 | 0.052

100 BSC

.014 | 0.016

.51 .27

335 | 0.365

.75 .00

.305 | 0.315

5.84 REF

453 .69

[ 0178 [ 0.185
0.230 REF

463 | 492

0.182 | 0.194

VACUUM SIDE PORTED (GVS)

Pressure Sensor Device Data 6-5

Package Outline Dimensions




PACKAGE OUTLINE DIMENSIONS (continued)

TES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. 371-02 AND -04 OBSOLETE, NEW STANDARD

371-06.
MILLIMETERS INCHES

DIM [ MIN | MAX | MIN | MAX

17.53 | 1828 | 0.690 | 0.720 |
.28 | 642 | 0.047 | 0253

1981 | 2082 | 0780 | 0.820 |
020

41 | 050 | 0016 | o
22 | 132 | 0.048 | 0052

PORT #1
posmve  [<—C
PRESSURE
BACK SIDE
r VACUUM

v

v (1 (
T L\

K X
254 BSC “0100BSC__|
36 | 040 | 0014 [ 0016
> f . 51 | 927 | 0335 | 0365
— N_J<— ke G 75 | 800 | 0305 | 0315
R |l 453 | 469 | 0178 | 0185
5.64 REl 0230 REF
seATG [ 263 | 492 | 0182 [ 0104
PLANE [4]013(0.005 @ [T[ B ® |
CASE 371-06
PRESSURE SIDE PORTED (AS, GS)
c TES:
1. DIMENSIONING AND TOLERANGING PER ANSI

Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
3. 867-01 THRU -03 OBSOLETE, NEW STANDARD

MILLIMETERS
DIM | MIN | MAX

PIN1

ol
i
of
7
&)

1245 | 1295 | 0.490 | 0510
10.67 | 11.K‘W0‘ 0.450

Ds
B[ 0136 0005 ® [T] A @]

CASE 867-04

BASIC ELEMENT (A, D)

Package Outline Dimensions 6-6 Pressure Sensor Device Data



PACKAGE OUTLINE DIMENSIONS (continued)

.___c?__l

—>R|<—

...

A
u
POSITIVE
L [ PRESSURE

:

l
|
c—;l [-P-]

J (410025 0.010® [T] 0 ® |

G

-

la—

v

F

D6PL
[#]0.13 (0005 ®[T[ P®[ 0 ®]

CASE 867B-03

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
!l Y14.5M, 1982.
—— POSITIVE 2. CONTROLLING DIMENSION: INCH.
PRESSURE 3. 867A-01 AND -02 OBSOLETE, NEW STANDARD
- - 867A-03.
& -— WILLIMETERS | INCHES |
f | om [ i T wAX T WIN [ mAX
17.53 | 18.28 | 0.690 | 0.720
_/ = 28 | 6.42 | 0.247 | 0253
PORT #2 H
VACUUM 1981 | 20.82 | 0.780 | 0.820
68 | 084 | 0.027 | 0.033
s 52 | 469 | 0178 | 0185
i 22 | 132 | 0.048 [ 0052
254 BSC 100BSC
__."._ J G __] 36 | 040 | 0014 | 0016
; 51 | 9.14 | 0.335 | 0.360
< 75 | 8,00 | 0.305 | 0315
<N E = —>lle—D 6PL 59 | 6.0 | 0.220 | 0.240
[$0.13 (0.005) @ [T B® |
CASE 867A-03
VACUUM SIDE PORTED (GVS)
OTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
-T-] SEATING PORT #1 2. CONTROLLING DIMENSION: INCH.

3. 867B-01 AND -02 OBSOLETE, NEW STANDARD
867B-03.

MILLIMETERS | __INCHES
| DM [ MIN | MAX | MIN | MAX
A | 2895 | 29.07 | 1.140 | 1.180
17.40 | 18.16 | 0.685 | 0.715
7.87 | 826 | 0310 | 0.325 |
0.68 | 084 | 0.027 | 0.033
122 | 132 | 0.048 04.05_2_‘
254 BSC 100 BSC
36 | 041 | 0.014 | 0.016
17.27 | 18.08 | 0.680 | 0.710

| ¢
L 34 | 7.62 | 0290 | 0300
N | 1067 | 1112 | 0.420 | 0.440
P 89 | 403 [ 0153 [ 0.150
89 | 403 | 0153 [ 0.159
87 | 635 tzm 250
5.84 REF 0.230 REF
23,11 BSC 0,910 BSC

462 | 493 | 0.182 | 0.194

PRESSURE SIDE PORTED (AP, GP)

Pressure Sensor Device Data

Package Outline Dimensions




PACKAGE OUTLINE DIMENSIONS (continued)

P
NOTES:
[4]00250010@[T] a® | 0 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
X 2. GONTROLLING DIMENSION: INCH.
. > W =L 3. 867C-01 AND ~02 OBSOLETE, NEW STANDARD
M 867C-03.
PORT #1

|_— PORT #2 VACUUM MILLIMETERS INCHES
| — PORT #1 POSITIVE | DIM | MIN MIN_| MAX
PRESSURE A_[ 2895

1.140 | 1.180

R
POSITIVE f
PRESSURE \

N
+ 17.40_| 18.16 | 0.685 | 0.715
PORT #2 -Q- 9.65 | 10.60 | 0.380 | 0420
vAGUUM 068 | 0.84 | 0.027 | 0.033
122 | 132 | 0.048 | 0.052
B } 7 254 BSC 0.100BSC
PN \%) 036 | 0.40 | 0.014 | 0.016
\ 17.27 | 18.03 | 0.680 | 0.710
734 | 7.62 | 0.290 | 0.300
T K 1067 [ 11. 420 | 0.440
P_| 389 | 4 153 | 0.159
~C s Q | 569 | 403 [ 0153 | 0.159
SEATING .| SEATING R | 160 ] 2 063 | 0.083
PLANE PLANE J 5.84 REF 0.230 REF
J G—-) [ <— D 6pL 23.11BSC__| 0910BSC
— il 462 | 493 | 0.182 | 0194
F 0.13 (0.005) ® 787 | 838 | 0310 | 0330
X | 630 | 7.06 | 0.48 | 0278

CASE 867C-03

PRESSURE AND VACUUM SIDES PORTED (DP)

P-
[$]o0250010®[T] a® |
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
5] SEATING Y14.5M, 1982.
II PLANE ng;lm 2. CONTROLLING DIMENSION: INCH.
L 3. 867D-01 AND -02 OBSOLETE, NEW STANDARD
—>| R [«— POSITIVE PRESSURE 867D-03.

T F WILLIMETERS | _INCHES
oM [N | mAX | mIN | max
N A | 28.95 | 29.07 | 1.140 | 1.180
¥ B | 1740 [ 1816 | 0685 [ 0715
C 7.87 8.26 | 0.310 | 0.325
0.68 0.84 | 0.027 | 0.033
F | 122 | 132 | 0.048 | 0.052 |

B G | _254B5C 0.100BSC
036 | 041 | 0.014 | 0016
17.27 | 18.03 | 0.680 .710
L | 734 | 7.62 | 0290 | 0.300
i K 10.67 | 11.12 | 0.420 | 0.440
89 | 403 | 0.153 | 0159
s 89 | 403 | 0.153 | 0159
87 | 635 | 0.231 | 0.250

C—» h——— G 5.84 REF 0.230 REF

l«— D 5L 23.11 BSC 0.910BSC
J—> e 462 | 493 | 0482 [ 0194

[$#]0130005 @[T PO 2 ®]

CASE 867D-03

VACUUM SIDE PORTED (GVP)

Package Outline Dimensions 6-8 Pressure Sensor Device Data




PACKAGE OUTLINE DIMENSIONS (continued)

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. 867E-01 OBSOLETE, NEW STANDARD 867E-02.

I

WILLMETERS | INCHES
o [ WIN_| MAX | WIN | MAX
f PIN1 17.53 | 18.28 | 0.690 | 0.720
.28 | 6.42 .247 .253
19.81 | 2082 | 0780 | 0.820
PORT #1 —/ .68 .84 .027 | 0.033
POSITIVE .52 | 4.69 .178 .185
PRESSURE 22 32 .048 .052

25465 100 BSC
40 | 0014 | 0.016
14 | 0335 | 0.360
.00 | 0.305 .315
.10 .220 .240

= N> s D sPL
= [$]0.13 0005 ® [T B® |
CASE 867E-02

PRESSURE SIDE PORTED (AS, GS)

IOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
- Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. 867F-01 OBSOLETE, NEW STANDARD 867F-02.

(2]
>

E '4— [ U—> /—_|_1 WILLIVETERS | _INCHES ]

_1 _Q_
DIM [ MIN | MAX | MIN | MAX
30 | 28.70 | 1.075 | 1.130
\'ﬁ .80 | 19.30 | 0740 | 0760
/— \ .13 | 17.02 | 0635 | 0670
— 68 | 0.84 | 0027 | 0,033
I | /M (] _l 406 | 457 | 0160 | 0.180
v | N/ ] N * g 122 | 132 [ 0048 | 0052
1 254 BSC 0.100BSC
| 0.36 | _0.40 | 0,014 | 0.016 |
T ) R 584REF | 0.230REF
78 | 203 | 0.
PORT # PIN1 K
rokmi 7 4 l RN
PRES- 6 1 68 | 0.
SURE [4#] 00250010 @ [T] Q@] ! ) 1 LK
21.33 | 2184 | (
K 469 | 495
J—>lle— D 6PL —» T
[#]0.13 0005 ®[T[ PO 0 ®]
—

CASE 867F-02

PRESSURE SIDE PORTED (ASX, GSX)

Pressure Sensor Device Data 6-9 Package Outline Dimensions



PACKAGE OUTLINE DIMENSIONS (continued)

(9]
c >

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI

POSITIVE Y14.5M, 1982.
PRES- ~ 2. CONTROLLING DIMENSION: INCH.
SURE /1 ¢ 3. 867G-01 OBSOLETE, NEW STANDARD 867G-02.
L N

WILLIMETERS | INCHES

MIN | MAX | MIN | MAX
27.30 | 2870 | 1.075 | 1.130
18.80 | 19.30 | 0.740 | 0.760
1613 | 17.02 | 0.635 | 0.670
0.68 | 0.84 | 0.027 | 0.033 |
4.06 | 457 | 0160 | 0.180

5| |6 s 1.22 | 1.32 | 0.048 | 0.052
_+_ 2.54 BSC 0.100BSC
0.36 | 0.40 | 0.014 | 0.016
K 559 | 6.10 | 0.220 | 0.240
! 1.7 .03 | 0.070 | 0.080
G

11 !

D

y

x

w
“muuw>g

=
U E
1l

PORT #2

VACUUM L 5] PIN1 \1
[$]o025 0010 @[T a® |

M - 38 .06 | 0150 | 0.160
J—>fle— D 6PL —»lj— Q_| 381 | 406 | 0150 | 04
R_[11.30 | 11.68 | 0.445 | 0.4
[#]0.13 0005 ® [T PO ®] S [ T740 | 1816 | 0685 [ 07

U [ 21.33 | 21.84 | 0.840 | 0860 |

—»| l«— F V | 469 | 4.95 | 0185 | 0195

CASE 867G-02

VACUUM SIDE PORTED (GVSX)

Package Outline Dimensions 6-10 Pressure Sensor Device Data
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APPENDIX 1

Device Numbéring System for Pressure Sensors

MPX 2 100 DP

A
AP
AS
ASX
D
DP
GP
GVP
GS
GVS
GSX
GVSX

2
5

L PORTING OPTIONS

Absolute, basic element
Absolute, ported

Absolute, stovepipe ported
Absolute, axial ported
Differential, basic element
Differential, dual ported
Gauge ported

Gauge vacuum ported
Gauge stovepipe ported
Gauge vacuum ported
Gauge vacuum ported, axial

Gauge vacuum ported, axial

PRESSURE RANGE IN kPa

VERSION NUMBER
No Designator

Uncompensated

Temperature Compensated/Calibrated

Signal Conditioning

MOTOROLA PRESSURE X-DUCER

Appendices

7-2

Pressure Sensor Device Data



APPENDIX 2

Marking Information for Pressure Sensor Products

Device No. | Marking Device No. | Marking Device No. | Marking Device No. | Marking

MPX10D MPX10D MPX100GVS | MPX100D MPX2051GVS | MPX2051D MPX2201GSX | MPX201D

MPX10DP MPX10DP MPX100GSX | MPX100D MPX2051GSX | MPX2051D MPX2201GVSX | MPX2201D

MPX10GP MPX10GP MPX100GVSX | MPX100D MPX2051GVSX | MPXF2051D MPX5050D MPX5050D

MPX10GVP MPX10GVP MPX200A MPX200A MPX2052D MPX2052D MPX5050DP | MPX5050DP
MPX10GS MPX10D MPX200AP MPX200AP MPX2052DP | MPX2052DP MPX5050GP - | MPX5050GP
MPX10GVS MPX10D MPX200AS MPX200A MPX2052GP | MPX2052GP MPX5050GVP | MPX5050GVP
MPX10GSX MPX10D MPX200ASX | MPX200A MPX2052GVP | MPX2052GVP MPX5050GS | MPX5050D

MPX10GVSX | MPX10D MPX200D MPX200D MPX2052GS | MMPX2052D MPX5050GVS | MPX5050D

MPX11D MPX11D MPX200DP MPX200DP MPX2052GVS | MPX2052D MPX5050GSX | MPX5050D

MPX11DP MPX11DP MPX200GP MPX200GP MPX2052GSX | MPX2052D MPX5050GVSX | MPX5050D

MPX11GP MPX11GP MPX200GVP | MPX200GVP MPX2052GVSX | MPX2052D MPX5100A MPX5100A

MPX11GVP MPX11GVP MPX200GS MPX200D MPX2100A MPX2100A MPX5100AP | MPX5100AP
MPX11GS MPX11D MPX200GVS | MPX200D MPX2100AP | MPX2100AP MPX5100AS | MPX5100A

MPX11GVS MPX11D MPX200GSX | MPX200D MPX2100AS | MPX2100A MPX5100ASX | MPX5100A

MPX11GSX MPX11D MPX200GVSX | MPX200D MPX2100ASX | MPX2100A MPX5100D MPX5100D

MPX11GVSX | MPX11D MPX201A MPX201A MPX2100D MPX2100D MPX5100DP | MPX5100DP
MPX12D MPX12D MPX201AP MPX201AP MPX2100DP | MPX2100DP MPX5100GP | MPX5100GP
MPX12DP MPX12DP MPX201AS MPX201A MPX2100GP | MPX2100GP MPX5100GVP | MPX5100GVP
MPX12GP MPX12GP MPX201ASX | MPX201A MPX2100GVP | MPX2100GVP MPX5100GS | MPX5100D

MPX12GVP MPX12GVP MPX201D MPX201D MPX2100GS | MPX2100D MPX5100GVS | MPX5100D

MPX12GS MPX12D MPX201DP MPX201DP MPX2100GVS | MPX2100D MPX5100GSX | MPX5100D

MPX12GVS MPX12D MPX201GP MPX201GP MPX2100GSX | MPX2100D MPX5100GVSX [ MPX5100D

MPX12GSX MPX12D MPX201GVP | MPX201GVP MPX2100GVSX | MPX2100D MPX7050D MPX7050D

MPX12GVSX | MPX12D MPX201GS MPX201D MPX2101A MPX2101A MPX7050DP | MPX7050DP
MPX50D MPX50D MPX201GVS | MPX201D MPX2101AP | MPX2101AP MPX7050GP | MPX7050GP
MPX50DP MPX50DP MPX201GSX | MPX201D MPX2101AS | MPX2101A MPX7050GVP | MPX7050GVP
MPX50GP MPX50GP MPX201GVSX | MPX201D MPX2101ASX | MPX2101A MPX7050GS | MPX7050D

MPX50GVP MPX50GVP MPX700D MPX700D MPX2101D MPX2101D MPX7050GVS | MPX7050D

MPX50GS MPX50D MMPX700DP | MPX700DP MPX2101DP | MPX2101DP MPX7050GSX | MPX7050D

MPX50GVS MPX50D MPX700GP MPX700GP MPX2101GP | MPX2101GP MPX7050GVSX [ MPX7050D

MPX50GSX MPX50D MPX700GVP | MPX700GVP MPX2101GVP | MPX2101GVP MPX7100A MPX7100A

MPX50GVSX | MPX50D MPX700GS MPX700D MMPX2101GS | MPX2101D MPX7100AP | MPX7100AP
MPX51D MPX51D MPX700GVS | MPX700D MPX2101GVS | MPX2101D MPX7100AS | MPX7100A

MPX51DP MPX51DP MPX700GSX | MPX700D MPX2101GSX | MPX2101D MPX7100ASX | MPX7100A

MPX51GP MPX51GP MPX700GVSX | MPX700D MPX2101GVSX | MPX2101D MPX7100D MPX7100D

MPX51GVP MPX51GVP MPX2010D MPX2010D MPX2200A MPX2200A MPX7100DP | MPX7100DP
MPX51GS MPX51D MPX2010DP | MPX2010DP MPX200AP MPX2200AP MPX7100GP | MPX7100GP
MPX51GVS MPX51D MPX2010GP | MPX2010GP MPX2200AS | MPX2200A MPX7100GVP | MPX7100GVP
MPX51GSX MPX51D MPX2010GVP | MPX2010GVP MPX2200ASX | MPX2200A MPX7100GS | MPX7100D

MPX51GVSX | MPX51D MPX2010GS | MPX2010D MPX2200D MPX2200D MPX7100GVS | MPX7100D

MPX52D MPX52D MPX2010GVS | MPX2010D MPX2200DP | MPX2200DP MPX7100GSX | MPX7100D

MPX52DP - | MPX52DP MPX2010GSX | MPX2010D MPX2200GP | MPX2200GP MPX7100GVSX | MPX7100D

MPX52GP MPX52GP MPX2010GVSX | MPX2010D MPX2200GVP | MPX2200GVP MPX7200A MPX7200A

MPX52GVP MPX52GVP MPX2040D MPX2040D MPX2200GS | MPX2200D MPX7200AP | MPX7200AP
MPX52GS MPX52D MPX2050D MPX2050D MPX2200GVS | MPX2200D MPX7200AS | MPX7200A

MPX52GVS MPX52D MPX2050DP | MPX2050DP MPX2200GSX | MPX2200D MPX7200ASX | MPX7200A

MPX52GSX MPX52D MPX2050GP | MPX2050GP MPX2200GVSX | MPX2200D MPX7200D MPX7200D

MPX52GVSX | MPX52D MPX2050GVP | MPX2050GVP MPX2201A MPX2201A MPX7200DP | MPX7200DP
MPX100A MPX100A MPX2050GS | MPX2050D MPX2201AP [ MPX2201AP MPX7200GP | MPX7200GP
MPX100AP MPX100AP MPX2050GVS | MPX2050D MPX2201AS | MPX2201A MPX7200GVP | MPX7200GVP
MPX100AS MPX100A MPX2050GSX | MPX2050D MPX2201ASX | MPX2201A MPX7200GS | MPX7200D

MPX100ASX | MPX100A MPX2050GVSX | MPX2050D MPX2201D MPX2201D MPX7200GVS | MPX7200D

MPX100D MPX100D MPX2051D MPX2051D MPX2201DP | MPX2201DP MPX7200GSX | MPX7200D

MPX100DP MPX100DP MPXF2051DP | MPX2051DP MPX2201GP | MPX2201GP MPX7200GVSX | MPX7200D

MPX100GP MPX100GP MPX2051GP | MPX2051GP MPX2201GVP | MPX2201GVP

MPX100GVP | MPX100GVP MPX2051GVP | MPX2051GVP MPX2201GS | MPX2201D

MPX100GS MPX100D MPX2051GS | MPXF2051D MPX2201GVS | MPX2201D

Pressure Sensor Device Data 7-3 Appendices
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APPENDIX 4

Reference Tables
FLOW EQUIVALENTS
1 Cu. Ft./Hr. 1 Cu. Ft./Min. 1 CC/Min. 1 CC/Hr.
.0166 Cu. Ft./Min 60 Cu. Ft./Min 60 CC/Hr. .0167 CC/Min.
4719 LPM 28.316 LPM .000035 Cu. Ft./Min .0000005 Cu. Ft./Min.
28.316 LPH 1699 LPH .0021 Cu. Ft./Hr. .00003 Cu. Ft./Hr.
471.947 CC/Min. 28317 CC/Min. .001 LPM .000017 LPM
28317 CC/Hr. 1,699,011 CC/Hr. .06 LPH .001 LPH
1247 Gal/Min. 7.481 Gal/Min. .00026 Gal/Min. .000004 Gal/Min.
7.481 Gal/Hr. 448.831 Gal/Hr. .0159 Gal/Hr. .00026 Gal/Hr.
1LPM 1LPH 1 Gal/Min. 1 Gal/Hr.
60 LPH .0166 LPM 60 Gal/Hr. .0167  Gal/Min.
.035 Cu. Ft./Min. .00059  Cu. Ft./Min. 1337 Cu. Ft./Min. .002 Cu. Ft./Min.
2.1189  Cu. Ft./Hr. .035 Cu. Ft./Hr. 8.021 Cu. Ft./Hr. 1337  Cu. Ft./Hr.
1000 CC/Min. 16.667 CC/Min. 3.785 LPM .063 LPM
60,002 CC/Hr. 1000 CC/MHr. 227.118 LPH 3.785 LPH
.264 Gal/Min. .004 Gal/Min. 3,785.412  CC/Min. 63.069 CC/Min.
15.851 Gal/Hr. .264 Gal/Hr. 227,125 CC/Hr. 3785 CC/Hr.
Airspeed Equivalent Equivalent
Inches of Inches of Pressure Pressure
Knots Mercury Knots Mercury Altitude | (inches of | Altitude (inches of
60 01727 400 8.3850 (Feet) Mercury) (Feet) Mercury)
80 0.3075 425 9.5758 -1,000 | 31.0185 | 14,000 | 17.5774
100 0.4814 450 10.8675 -900 30.9073 16,000 | 16.2164
110 0.5832 475 12.2654 0 29.9213 18,000 14.9421
120 0.6950 500 13.7756 500 29.3846 20,000 | 13.7501
130 0.8168 525 15.4045 1,000 28.8557 22,000 12.6363
140 0.9488 550 17.1590 1,500 28.3345 25,000 11.1035
150 1.0910 575 19.0465 2,000 27.8210 30,000 8.88544
175 1.4918 600 21.0749 3,000 26.8167 35,000 | 7.04062
200 1.9589 650 25.5803 4,000 25.8418 40,000 | 5.53802
225 2.4943 700 307642 6,000 23.9782 45,000 | 4.35488
250 3.1002 750 36.5662 8,000 22,2250 49,900 | 3.44112 (EST)
275 3.7792 800 42.9378 10,000 | 20.5770 50,000 | 3.42466
300 45343 850 49.8423 12,000 19.0294
325 5.3687 900 57.2554
350 6.2859 1,000 73.5454
375 7.2900
Pressure Sensor Device Data 7-5 Appendices




Appendix 4 — Reference Tables (continued)

Pressure Unit Conversion Constants

(Most Commonly Used — Per International Conventions)

psi(1) in. Ho0(2) in. Hg(3) K Pascal mili Bar cm Hp0(4) mm Hg(5)
psi(1) 1.000 27.680 2.036 6.8947 68.947 70.308 51.715
in. HoO(2) 3.6127 x 102 1.000 7.3554x 1072 | 0.2491 2.491 2.5400 1.8683
in. Hg(®) 0.4912 13.596 1.000 3.3864 33.864 34.532 25.400
K Pascal 0.14504 4.0147 0.2953 1.000 10.000 10.1973 7.5006
mili Bar 0.01450 0.40147 0.02953 0.100 1.000 1.01973 0.75006
cm Ho0(4) 1.4223 x 102 0.3937 2.8958 x 102 0.09806 0.9806 1.000 0.7355
mm Hg(5) 1.9337 x 102 0.53525 3.9370x10~2 | 0.13332 1.3332 1.3595 1.000
NOTES:
1. PSI — pounds per square inch
2. at 39°F
3. at 32°F
4. at4°C
5. at 0°C
Quick Conversion Chart for Common Units of Pressure
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APPENDIX 5

Mounting and Handling Suggestions

114

047 0

2107

Figure 1.

Leads should be securely clamped top
and bottom in the area between the
plastic body and the form being sure
that no stress is being put on plastic
body. The area between dotted lines
represents surfaces to be clamped.

Custom Port Adaptor Installation Techniques

The Motorola MPX silicon pressure sensor is available in a
basic chip carrier cell which is adaptable for attachment
to customer specific housings/ports (Case 344-08 for 4-pin
devices and Case 867-04 for 6-pin devices). The basic
cell has chamfered shoulders on both sides which will
accept an O-ring such as Parker Seal’s silicone O-ring
(p/n#2-015-S-469-40). Refer to Figure 1 for the recommended
O-ring to sensor cell interface dimensions.

The sensor cell may also be glued directly to a custom
housing or port using many commercial grade epoxies or RTV
adhesives which adhere to grade Valox 420, reinforced
polyester resin plastic polysulfone (MPX2040D only). The
epoxy should be dispensed in a continuous bead around the
cell-to-portinterface shoulder. Refer to Figure 2. Care must be
taken to avoid gaps or voids in the adhesive bead to help
ensure that a complete seal is made when the cell is joined to
the port. After cure, a simple test for gross leaks should be
performed to ensure the integrity of the cell to port bond.
Submerging the device in water for 5 seconds with full rated
pressure applied to the port nozzle and checking for air
bubbles will provide a good indication. Be sure device is
thoroughly dried after this test.

ADHESIVE BEAD

& TR

Figure 2.

Figure 3. Leadforming

Standard Port Attach Connection

Motorola also offers standard port options designed to
accept readily available silicone, vinyl, nylon or polyethylene
tubing for the pressure connection. The inside dimension of
the tubing selected should provide a snug fit over the port
nozzle. Dimensions of the ports may be found in the case
outline drawings. Installation and removal of tubing from the
portnozzie must be parallel to the nozzle to avoid undue stress
which may break the nozzle from the port base. Whether
sensors are used with Motorola’s standard ports or customer
specific housings, care must be taken to ensure that force is
uniformiy distributed to the package or offset errors may be
induced.

Electrical Connection

The MPX series pressure sensor is designed to be installed
on a printed circuit board (standard 0.100” lead spacing) or to
accept an appropriate connector if installed on a baseplate.
The leads of the sensor may be formed at right angles for
assembly to the circuit board, but one must ensure that proper
leadform techniques and tools are employed. Hand or
“needlenose” pliers should never be used for leadforming
unless they are specifically designed for that purpose.
Industrial leadform tooling is available from various
companies including Janesville Tool & Manufacturing
(608-868-4925). Refer to Figure 3 for the recommended
leadform technique. It is also important that once the leads are
formed, they should not be straightened and reformed without
expecting reduced durability. The recommended connector
for off-circuit board applications may be supplied by JST Corp.
(1-800-292-4243) in Mount Prospect, IL. The part numbers for
the housing and pins are:

4 Pin Housing: SMP-04V-BC

6 Pin Housing: SMP-06V-BC

Pin: SHF-01T-0.8SS

The crimp tool part number is: YC12.
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Absolute Pressure Sensor

Analog Output
Accuracy — also see
Pressure Error
Altimetric Pressure

Transducer

Barometric Pressure
Transducer
Burst Pressure

Calibration

Chip

Compensation

Diaphragm

Differential Pressure Sensor

Diffusion

Drift

End Point Straight Line Fit

Error

Error Band

Excitation Voltage (Current) —

see Supply Voltage (Current)

Full Scale Output

Full Scale Span

Hysteresis — also see Pressure

Hysteresis and Temperature
Hysteresis

APPENDIX 6

Glossary of Terms

A sensor which measures input pressure in relation to a zero pressure (a total vacuum on one side of
the diaphragm) reference.

An electrical output from a sensor that changes proportionately with any change in input pressure.

A comparison of the actual output signal of a device to the true value of the input pressure. The various
errors (such as linearity, hysteresis, repeatability and temperature shift) attributing to the accuracy of
a device are usually expressed as a percent of full scale output (FSO).

A barometric pressure transducer used to determine altitude from the pressure-altitude profile.
An absolute pressure sensor that measures the local ambient atmospheric pressure.

The maximum pressure thatcanbe appliedto atransducerwithout rupture of eitherthe sensing element
or transducer case.

A process of modifying sensor output to improve output accuracy.

Adie (unpackaged semiconductor device) cut from a silicon wafer, incorporating semiconductor circuit
elements such as resistors, diodes, transistors, and/or capacitors.

Added circuitry or materials designed to counteract known sources of error.

The membrane of material that remains after etching a cavity into the silicon sensing chip. Changes in
input pressure cause the diaphragm to deflect.

A sensor which is designed to accept simultaneously two independent pressure sources. The output
is proportional to the pressure difference between the two sources.

A thermochemical process whereby controlled impurities are introduced into the silicon to define the
piezoresistor. Compared to ion implantation, it has two major disadvantages: 1) the maximum impurity
concentration occurs at the surface of the silicon rendering it subject to surface contamination, and
making it nearly impossible to produce buried piezoresistors; 2) control over impurity concentrations
and levels is about one thousand times poorer than obtained with ion implantation.

An undesired change in output over a period of time, with constant input pressure applied.

Motorola’s method of defining linearity. The maximum deviation of any data point on a sensor output
curve from a straight line drawn between the end data points on that output curve.

The algebraic difference between the indicated value and the true value of the input pressure. Usually
expressed in percent of full scale span, sometimes expressed in percent of the sensor output reading.

The band of maximum deviations of the output values from a specified reference line or curve due to
those causes attributable to the sensor. Usually expressed as “+ % of full scale output.” The error band
should be specified as applicable over at least two calibration cycles, so as to include repeatability, and
verified accordingly.

The external electrical voltage and/or current applied to a sensor for its proper operation (often referred
to as the supply circuit or voltage). Motorola specifies constant voltage operation only.

The output at full scale pressure at a specified supply voltage. This signal is the sum of the offset signal
plus the full scale span.

The change in output over the operating pressure range at a specified supply voltage. The SPAN of a
device is the output voltage variation given between zero differential pressure and any given pressure.
FULL SCALE SPAN is the output variation between zero differential pressure and when the maximum
recommended operating pressure is applied.

HYSTERESIS refers to a transducer’s ability to reproduce the same output for the same input,
regardless of whether the input is increasing or decreasing. PRESSURE HYSTERESIS is measured
at a constant temperature while TEMPERATURE HYSTERESIS is measured at a constant pressure
in the operating pressure range.

Appendices
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Appendix 6 — Glossary of Terms (continued)

Input Impedance (Resi )

lon Implantation

Laser Trimming (Automated)

Leakage Rate

Linearity Error

Null Offset

Null Temperature Shift
Null Output

Offset

Operating Pressure Range
Operating Temperature Range
Output Impedance
Overpressure

Piezoresistance

Pressure Error

Pressure Hysteresis

Pressure Range — also see
Operating Pressure Range

Pressure Sensor
Proof Pressure

Ratiometric

Ratiometric
(Ratiometricity Error)

The impedance (resistance) measured between the positive and negative (ground) input terminals at
a specified frequency with the output terminals open. For Motorola X-ducer this is a resistance
measurement only.

Aprocesswherebyimpurity ions are accelerated to aspecific energy levelandimpinged uponthe silicon
wafer. The energy level determines the depth to which the impurity ions penetrate the silicon.
Impingementtime determines the impurity concentration. Thus, it is possible to independently control
these parameters, and buried piezoresistors are easily produced. lonimplantation is increasingly used
throughoutthe semiconductorindustry to provide a variety of products withimproved performance over
those produced by diffusion.

A method for adjusting the value of thin film resistors using a computer-controlled laser system.

Therateatwhichafluidis permitted ordeterminedtoleakthroughaseal. The type of fluid, the differential
pressure across the seal, the direction of leakage, and the location of the seal must be specified.

The maximum deviation of the output from a straight line relationship with pressure over the operating

pressurerange, the type of straightline relationship (end point, least square approximation, etc.) should
be specified.

The impedance presented to the output terminais of a sensor by the associated externai circuitry.
The condition when the pressure on each side of the sensing diaphragm is equal.

The electrical output present, when the pressure sensor is at null.

The change in null output value due to a change in temperature.

See ZERO PRESSURE OFFSET

See ZERO PRESSURE OFFSET

The range of pressures between minimum and maximum pressures at which the output will meet the
specified operating characteristics.

The range of temperature between minimum and maximum temperature at which the output will meet
the specified operating characteristics.

The impedance measured between the positive and negative (ground) output terminals at a specified
frequency with the input open.

The maximum specified pressure which may be applied to the sensing element of a sensor without
causing a permanent change in the output characteristics.

A resistive element that changes resistance relative to the applied stress it experiences (e.g., strain
gauge).

The maximum difference between the true pressure and the pressure inferred from the output for any
pressure in the operating pressure range.

The difference in the output at any given pressure in the operating pressure range when this pressure
is approached from the minimum operating pressure and when approached from the maximum
operating pressure at room temperature.

The pressure limits over which the pressure sensor is calibrated or specified.

A device that converts an input pressure into an electrical output.
See OVERPRESSURE

Ratiometricity refers to the ability of the transducer to maintain a constant sensitivity, at a constant
pressure, over a range of supply voltage values.

Ata given supply voltage, sensor outputis a proportion of that supply voltage. Ratiometricity erroris the
change in this proportion resulting from any change to the supply voltage. Usually expressed as a
percent of full scale output.

Pressure Sensor Device Data
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Appendix 6 — Glossary of Terms (continued)

Range
Repeatability
Resolution

Response Time

Room Conditions
Sensing Element
Sensitivity
Sensitivity Shift
Stability

Storage Temperature Range

Strain Gauge
Supply Voltage (Current)

Temperature Coefficient of
Full Scale Span

Temperature Coefficient of
Resistance

Temperature Error

Temperature Hysteresis

Thermal Offset Shift
Thermal Span Shift
Thermal Zero Shift

Thin Film

Vacuum

Zero Pressure Offset

See OPERATING PRESSURE RANGE
The maximum change in output under fixed operating conditions over a specified period of time.
The maximum change in pressure required to give a specified change in the output.

The time required for the incremental change in the output to go from 10% to 90% of its final value when
subjected to a specified step change in pressure.

Ambient environmental conditions under which sensors most commonly operate.

That part of a sensor which responds directly to changes in input pressure.

The change in output per unit change in pressure for a specified supply voltage or current.
A change in sensitivity resulting from an environmental change such as temperature.

The maximum difference in the output at any pressure in the operating pressure range when this
pressure is applied consecutively under the same conditions and from the same direction.

The range of temperature between minimum and maximum which can be applied without causing the
sensor to fail to meet the specified operating characteristics.

A sensing device providing a change in electrical resistance proportional to the level of applied stress.
The voltage (current) applied to the positive and negative (ground) input terminals.

The percent change in full scale span per unit change in temperature relative to the full scale span at
a specified temperature.

The percent change in the DC inputimpedance per unit change in temperature relative to the DC input
impedance at a specified temperature.

The maximum change in output atany pressure in the operating pressure range when the temperature
is changed over a specified temperature range.

The difference in output at any temperature in the operating temperature range when the temperature
is approached from the minimum operating temperature and when approached from the maximum
operating temperature with zero pressure applied.

See TEMPERATURE COEFFICIENT OF OFFSET
See TEMPERATURE COEFFICIENT OF FULL SCALE SPAN
See TEMPERATURE COEFFICIENT OF OFFSET

A technology using vacuum deposition of conductors and dielectric materials onto a substrate
(frequently silicon) to form an electrical circuit.

A perfect vacuum is the absence of gaseous fluid.

The output at zero pressure (absolute or differential, depending on the device type) for a specified
supply voltage or current.

Appendices
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sensors.

Pburst
lo

lo+
kPa

mm Hg

Pmax

Pop

PSI

Ro

TA
TCR

TCVEss
TCVoff

Tstg

VFss
Voff
Vs

VS max

Zin

Zout

AVIAP

APPENDIX 7

Symbols, Terms & Definitions

The following are the most commonly used letter symbols, terms and definitions associated with solid state silicon pressure

Burst Pressure

supply current
output source current
kilopascals

Linearity

millimeters of mercury

overpressure

operating pressure range

Pressure Hysteresis

pounds per square inch

Repeatability

input resistance

operating temperature

temperature coefficient
of resistance

temperature coefficient
of full scale span

temperature coefficient
of offset

storage temperature

response time

Temperature Hysteresis

full scale span voltage

offset voltage

supply voltage dc

maximum supply voltage

input impedance

output impedance

sensitivity

The maximum pressure that can be applied to a transducer without rupture of either the
sensing element or transducer case.

The current drawn by the sensor from the voltage source.
The current sourcing capability of the pressure sensor.
Unit of pressure. 1 kPa = .145038 PSI.

The maximum deviation of the output from a straight line relationship with pressure overthe
operating pressure range, the type of straight line relationship (end point, least square
approximation, etc.) should be specified.

Unit of pressure. 1 mmHg =.0193368 PSI.

The maximum specified pressure which may be applied to the sensing element without
causing a permanent change in the output characteristics.

The range of pressures between minimum and maximum temperature at which the output will
meet the specified operating characteristics.

The difference in the output at any given pressure in the operating pressure range when this
pressureis approached fromthe minimum operating pressure andwhenapproachedfromthe
maximum operating pressure at room temperature.

Unit of pressure. 1 PSI = 6.89473 kPa.

The maximum change in output under fixed operating conditions over a specified period of
time.

The resistance measured between the positive and negative input terminals at a specified
frequency with the output terminals open.

The temperature range over which the device may safely operate.

The percent change in the DC inputimpedance per unit change in temperature relative to the
DC input impedance at a specified temperature (typically +25°C).

The percent change in full scale span per unit change in temperature relative to the full scale
span at a specified temperature (typically +25°C).

The percentchange in offset per unit change in temperature relative to the offset at a specified
temperature (typically +25°C).

The temperature range at which the device, without any power applied, may be stored.

The time required for the incremental change in the output to go from 10% to 90% of its final
value when subjected to a specified step change in pressure.

The difference in output at any temperature in the operating temperature range when the
temperature is approached from the minimum operating temperature and when approached
from the maximum operating temperature with zero pressure applied.

The change in output over the operating pressure range at a specified supply voltage.
The output with zero differential pressure applied for a specified supply voltage or current.

The dc excitation voltage applied to the sensor. For precise circuit operation, a regulated sup-
ply should be used.

The maximum supply voltage that may be applied to a circuit or connected to the sensor.

The resistance measured between the positive and negative input terminals at a specified
frequency with the output terminals open. For Motorola X-ducer this is a resistance measure-
ment only.

The resistance measured between the positive and negative output terminals at a specified
frequency with the input terminals open.

The change in output per unit change in pressure for a specified supply voltage.

Pressure Sensor Device Data
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APPENDIX 8
Pressure/Vacuum Side Identification

Motorola designates the two sides of the pressure sensor as the Pressure (top) side and the Vacuum
Pressure (back) side. The Pressure side is the side containing silicone gel which protects the die from
harsh media. The Motorola MPX pressure sensor is designed to operate with positive differential
pressure applied (i.e. top side pressure is greater than or equal to back side pressure). The Pressure
side may be identified by using the example tables below:

Case Type Positive Pressure

Part Number 4 PIN Side Identifier
MPXxxxxA,D 344-08 Stainless Steel Cap
MPXxxxxDP 352-02 Side with Part Marking
MPXxxxxAP,GP 350-02 Side with Port Attached
MPXxxxxGVP 350-04 Stainless Steel Cap
MPXxxxxAS,GS 371-06 Side with Port Attached
MPXxxxxGVS 371-05 Stainless Steel Cap
MPXxxxxASX,GSX 371C-02 Side with Port Attached
MPXxxxxGVSX 371D-02 Stainless Steel Cap

Case Type Positive Pressure

Part Number 6 PIN Side Identifier
MPXxxxxA,D 867-04 Stainless Steel Cap
MPXxxxxDP 867C-03 Side with Part Marking
MPXxxxxAP,GP 867B-03 Side with Port Attached
MPXxxxxGVP 867D-03 Stainless Steel Cap
MPXxxxxAS,GS 867E-02 Side with Port Attached
MPXxxxxGVS 867A-03 Stainless Steel Cap
MPXxxxxASX,GSX 867F-02 Side with Port Attached
MPXxxxxGVSX 867G-02 Stainless Steel Cap
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APPENDIX 9

Connectors for MPX Pressure Sensors

In some applications connectors are used to interface with the MPX pressure sensor. The following
manufacturer can provide off-the-shelf connectors which interface to both 4-pin and 6-pin pressure
sensor packages.

Manufacturer: JS Terminal
Mount Prospect, IL
708-803-3300

Housing information:

4-pin SMP-04V-BC
6-pin SMP-06V-BC
Pins: SHF-01T-0.8SS

Crimping tool: YC12
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APPENDIX 10
Standard Warranty Clause

Seller warrants that its products sold hereunder will at the time of shipment be free from defects in
material and workmanship, and will conform to Seller’s approved specifications. If products are not
as warranted, Seller shall, at its option and as Buyer’s exclusive remedy, either refund the purchase
price, or repair, or replace the product, provided proof of purchase and written notice of
nonconformance are received within the applicable periods noted below and provided said
nonconforming products are, with Seller’s written authorization, returned in protected shipping
containers FOB Seller’s plant within thirty (30) days after expiration of the warranty period unless
otherwise specified herein. If product does not conform to this warranty, Seller will pay for the
reasonable cost of transporting the goods to and from Seller’s plant. This warranty shall not apply
to any products Seller determines have been, by Buyer or otherwise, subjected to improper testing,
or have been the subject of mishandling or misuse.

THIS WARRANTY EXTENDS TO BUYER ONLY AND MAY BE INVOKED BY BUYER ONLY FOR
ITS CUSTOMERS. SELLER WILL NOT ACCEPT WARRANTY RETURNS DIRECTLY FROM
BUYER'S CUSTOMERS OR USERS OF BUYER’'S PRODUCTS. THIS WARRANTY IS IN LIEU
OF ALL OTHER WARRANTIES WHETHER EXPRESS, IMPLIED OR STATUTORY INCLUDING
IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

Seller’s warranty shall not be enlarged, and no obligation or liability shall arise out of Seller's
rendering of technical advice and/or assistance.

A. Time periods, products, exceptions and other restrictions applicable to the above warranty are:

(1) Unless otherwise stated herein, products are warranted for a period of one (1) year from date
of shipment.

(2) Device Chips/Wafers. Seller warrants that device chips or wafers have, at shipment, been
subjected to electrical test/probe and visual inspection. Warranty shall apply to products
returned to Seller within ninety (90) days from date of shipment. This warranty shall not apply
to any chips or wafers improperly removed from their original shipping container and/or
subjected to testing or operational procedures not approved by Seller in writing.

B. Development products and Licensed Programs are licensed on an “AS IS” basis. INNO EVENT
SHALL SELLER BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES.
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Section Eight

Device Sample Kits

Sensor Sample Kit Information .............. 8-2
Sensor Sample Kit Order Form
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Sensor Sample Kits

Order No. Pressure Range Description Cost

KITNOK29/D 1.5PSI One MPX2010DP, Temperature Compensated, FREE
Dual Ported Sensor with Spec Sheet and Literature.

KITNOK32/D 100 PSI One MPX700DP, Uncompensated, Dual Ported Sensor FREE
with Spec Sheet and Literature.

KITMPX5100A/D 15 PSI One MPX5100AP, Absolute, Signal Conditioned, $25
Single Ported Sensor with Spec Sheet and Literature.

KITMPX5100D/D 15 PSI One MPX5100DP, Differential, Signal Conditioned, $25

Dual Ported Sensor with Spec Sheet and Literature.
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Sensor Sample Kits Order Form

Kit Number Kit Title Availability Price Qty Amount
KITNOK29/D MPX2010DP Sample Kit Now Free
KITNOK32/D MPX700DP Sample Kit Now Free
KITMPX5100A/D MPX5100AP Sample Kit Now $25.00
KITMPX5100D/D MPX5100DP Sample Kit Now $25.00
SUBTOTAL | $

Postage and Handling:

United States — Surface $5.00
Air $7.50

DHL World Mail — Air $20.00

POSTAGE AND HANDLING | $

GRAND TOTAL
Prices are subject to change. Documents will be sent best way surface unless specified for air delivery. Allow 2 to 3 weeks for delivery.

©

Motorola offers three convenient ways to order these kits, check or money order, purchase orders if credit line has previously been established, and
credit card (Master Card, Visa and American Express).

Credit Card # Exp. Date
NAME PHONE
COMPANY TITLE
ADDRESS

CITy STATE ZIp

Mail with remittance to:

MOTOROLA SEMICONDUCTOR PRODUCTS INC.
P.O. Box 20912

Phoenix, Arizona, U.S.A. 85036-0924

For immediate service call:
(800) 441-2447
Fax: (602) 994-6430
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Quality and Reliability

n Application Notes

n Package Outline Dimensions
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