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INTRODUCTION

On May 1, 2003, VXI Technology, Inc. acquired Agilent Technology’s mechanical data acquisition product
segment. During the transition period, Agilent branded manuals will be provided with the dynamic and static data
acquisition products until the manuals have been rebranded. The following products are provided for in this manner.

Dynamic DAC Products

VTI Part Number | Agilent Part Number | Description

VT1432A E1432A 16-Channel 51.2 kSamples/s Digitizer Plus DPS

VT1433B E1433B 8-Channel 196 kSamples/s Digitizer Plus DPS

VT1434A E1434A 4-Channel 65 kSamples/s Arbitrary Source

VT3240A E3240A Voltage Input Breakout Box

VT3241A E3241A ICP/Voltage Input Breakout Box

VT3242A E3242A 4-Channel Charge/Voltage ICP Breakout Box

VT3243A E3243A 4-Channel Microphone/Voltage ICP Breakout Box

VT2216A N2216A VXI/SCSI Interface Module

Static DAC Products

VTI Part Number | Agilent Part Number | Description

VT1413C E1413C 64-Channels Muxed to 16 Bit, 100 kSamples/s A/D

VTI1415A E1415A Algorithmic Closed Loop Controller

VTI1419A E1419A Multi-Function Measurement and Control

VTI1422A E1422A Remote Channel Multi-Function DAC Module

VTI1501A E1501A Direct Input 8-Channel SCP

VT1502A E1502A Low Pass Filter Signal Conditioning Plug-On

VTI503A E1503A Gain/Filter SCP

VT1505A E1505A Current Source SCP

VTI1506A E1506A 120 Q Strain Gauge SCP

VTI1507A E1507A 350 Q Strain Gauge SCP

VTI508A E1508A 8-Channel Fixed x 16 Gain/Filer SCP

VTI1509A E1509A 8-Channel Fixed x 64 Gain/Filter SCP

VTI1510A E1510A 4-Channel Sample and Hold SCP

VTIS11A E1511A 4-Channel Transient Strain SCP

VTI1512A E1512A Low Pass Filter Signal Conditioning Plug-On

VTI1513A EIS13A Attenuator Input SCP

VTI1518A E1518A Resistance Measurement SCP

VT1529B E1529B 32 Ch. Remote Strain Conditioning and Voltage
Unit

VTI1531A E1531A 8-Channel Voltage Output Signal Conditioning
Plug

VTI1532A E1532A 8-Channel Current Output Signal Conditioning
Plug-On

VTI1533A E1533A 16-Bit Digital Input/Output Signal Conditioning

VTI536A E1536A Isolated 8-Bit Digital I/O Signal Conditioning

VTI1538A E1538A Enhanced Frequency/Totalize/PWM Signal
Conditioning

VTI1539A E1539A Remote Channel Signal Conditioning Plug-On

VTI563A EI1563A 800 kSamples/s, 2-Channel Digitizer 14 Bits

VTI564A E1564A 800 kSamples/s, 4-Channel Digitizer 14 Bits

VTI1586A E1586A Rack Mount Terminal Panel for 32 Channels

When rebranded manuals become available, they can be downloaded at: http://www.vxitech.com/download.asp.
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SUPPORT RESOURCES

Support resources for this product are available on the Internet and at VXI Technology customer
support centers.

VXI Technology
World Headquarters

VXI Technology, Inc.
2031 Main Street
Irvine, CA 92614-6509

Phone: (949) 955-1894
Fax: (949) 955-3041

VXI Technology
Cleveland Division

VXI Technology, Inc.
7525 Granger Road, Unit 7
Valley View, OH 44125

Phone: (216) 447-8950
Fax: (216) 447-8951

VXI Technology
Lake Stevens Instrument Division

VXI Technology, Inc.
1924 - 203 Bickford
Snohomish, WA 98290

Phone: (425) 212-2285
Fax: (425) 212-2289

Technical Support
Phone: (949) 955-1894

Fax: (949) 955-3041
E-mail: support@vxitech.com

See http://www.vxitech.com for worldwide support sites.
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Agilent E1538A
Enhanced Frequency/Totalize/PWM SCP

About this Manual

This manual describes how to configure the Signal Conditioning Plug-on
(SCP) using SCPI commands and explains the capabilities of this SCP. The
contents of this manua are:

®Introduction. .............. i page 4
® |dentifying the Plug-on (IMPORTANT)............... page 5
® Setting Configuration Switches ..................... page 6
®Installation. ...........c. i e page 7
® Connecting To The Terminal Module. . ............... page 7
® Recommended Signal Connections .................. page 8
® |nput and Output Characteristics. . ................... page 9
® Programming With SCPl Commands. . .............. page 11
-- Configuring I/O Direction ...................... page 12
® Programming Input Channels. ..................... page 12
-- Setting the Input Threshold Leve . ............... page 12
--SetlnputLogicSense. ... page 13
-- Reading Static Digital State . . .. ................. page 14
-- Totalize Positive or Negative Edge State Changes. . . . page 15
-- About Period and Frequency Measurements . ....... page 16
--Measure Frequency. . ........coieii i page 17
--MeasurePeriod. . ........... ... .. ... page 18
--MeasurePulseWidth . ......................... page 20
-- Sense Quadrature Position .. .................... page 21
-- Sense Rotationa Velocity. ...................... page 22
® Programming Output Channéels. .. .................. page 24
-- Controlling Output Polarity ..................... page 24
-- Output Static Digital State . ... .................. page 24
-- Variable Width Pulse Per Trigger. ................ page 25
-- Variable Width Pulse Tran (PWM) . .............. page 26

-- Variable Frequency Fixed Width Pulse Train (FM) . . . page 27
-- Variable Frequency Square-Wave Pulse Train (FM) . . page 28

-- Rotationally Positioned Pulse OQutput. . ............ page 29
-- Rotational Pulse CommandUsage. .. ............. page 30
-- Stepper Motor Control ......................... page 37
® *RST and *TST (important!) ...................... page 41
® SCPl Command Reference. . ... page 42
® Specifications .. ... page 77
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Introduction

TheAgilent E1538A provideseight TTL compatible channelsof digital 1/0.
Channelscan beindividually configured to perform any one of thefollowing
functions:

® |nput:
-- Static digital state
-- Frequency measurement
-- Period meaurement
-- Totalize positive or negative signal transitions
-- Pulse width measurement
-- Rotational velocity (senses added or missing cogwhee! teeth)

-- Quadrature position. (requires 2 channels)
® Qutput (configurable as Open Drain or passive pull-up):
-- Static digital state

-- Single pulse-per-trigger: Generates a pulse at each algorithm
execution. The pulse width is controlled by the algorithm.

-- Pulse Width Modulation: A free-running pulse train where a SCPI
command pre-configures the frequency and the algorithm controls
the pulse width.

-- Frequency Modulation: A free-running pulse train where a SCPI
command pre-configures the pulse width and the algorithm controls
the frequency. In this FM mode the duty cycle varies with
frequency.

-- Frequency Modulation: A free-running pulse train where the duty
cycle remains constant at 50% while the algorithm controls the
frequency.

-- Rotationally positioned pulse: The algorithm controls the angular
pulse position (relative to an input sensing rotational velocity). The
pulse width is fixed by a SCPI command. (requires areference
channel in addition to any rotational pulse output channels)

-- Rotationally positioned pulse: The agorithm controls the width of
the pulse. The angular pulse position (relative to an input sensing
rotational velocity) is fixed by a SCPI command.(requires a
reference channel)

-- Stepper Motor Control: Controls 2-phase and 4-phase motorsin

4 Agilent E1538A Enhanced Frequency/Totalize/PWM SCP



both full and half step modes.(requires 2 or 4 channels)

Thelogical sense of input and output channels can be configured asinverted
or normal.

Input-configured channels haveindividually programmablethreshold levels
that can range from -46V to +46V.

Identifying the Plug-on (IMPORTANT)

There aretwo versions of the E1538A. The early version does not support a
PERiod measurement command set. Early versions have ROM revision
February 1998 and earlier. The later version adds period measurement, and
animproved frequency measurement function. Thelater versionshave ROM
revision after February 1998.

In order to access the additional functions of thelater E1538A, you must use
one of the following drivers:

® The Plug & Play driver with revision A.02.07 or later
®* The Command Module driver with revision A.05.11 or later

To determine the driver revision, execute the *|DN? command.

Board Viewed With
Connectors Behind
4 U ~
E1538- []
88811
For Model ID look for S| -

"E1538" prefix on ROMs

| |

New ROMs with Period
Measurement have date
codes later than Feb '98

Figure 1. Identifying the SCP and its ROM Revision
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Setting Configuration Switches

Locating switches

Pull-up Enable

Channels

NoOoa,r,wWN-2O

Configuring Input-
Output direction

Configuring Channel
Pull-up Resistor

Note

white square is \

switch handle

The SCP hasthree packages of eight switches each. The package labeled OE
(Output Enable) determines a channel’s I/O direction. The package |abeled
PU (pull-up) controlswhether or not achannel isfloating or pulled up to an
internal 5V supply. The package labeled VRS (for channels 0 and 1 only)
can enable specia input signa conditioning compatible with variable
reluctance sensors. For adiscussion onusingthe VRS mode, see"VRSMode
Input Operation” on page 10.

Figure 2 shows the location of each channel’s configuration switches.

Board Viewed With Variable Reluctance
Connectors Behind Sensor Enable
- N Channels 1 0
Use VRS adaptive
input amplifiers
(only available on
channels 0 & 1)

D VRS C/
OFF 10
R 4
m Output Enable
OFF ON

Enable channels
2 & 3 as outputs

PU OE
\ 0
y /
L OFF 7 Ol\b

Figure 2. Switch Location and Example Settings

Channels

NOUOPWN=0

Refer to Figure 2 for the location of the eight Output Enable (OE) switches.
Move the channel’s switch handle to the ON position for output, and to the
OFF position for input.

Refer to Figure 2 for the location of the eight Pull-up Enable (PU) switches.
Move the switch handle to the ON position to connect the pull-up resistor
(connected from channel terminal to an internal +5V), and to the OFF
position to disconnect the pull-up resistor (high impedance input/open drain
output).

Pull-Up enable ON is not allowed for channels that have their VRS enable
ON (VRSisonly available on channels 0 and 1).

6 Agilent E1538A Enhanced Frequency/Totalize/PWM SCP



Installation for this Plug-on isidentical to other SCPs and is covered in
definitions on your terminal module. The connections are shownin Figure 3.

Chapter 1 of your Agilent E1415 or E1419 User's Manual.
self-adhesive labels that come with the SCP. Use these to label terminal

The SCP connections for the Terminal Modules are shown on the

Connecting To The Terminal Module

Installation
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Figure 4 shows the screw terminal Option 11 for the E1419A.

Figure 3. E1538A Terminal Module Connections
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Figure 4. E1419A Option 11 Terminal Module Connections

Recommended Signal Connections

Note

Figure 5 shows the recommended method of wiring digital I/O channels, as
well as the maximum voltage limitations for the E1538A.

Figure 5 shows the shields connected directly to the E1415 ground. Thisis
to limit potential noise on the digital wiring from affecting low-level analog
channel wiring within the Terminal Module.

The G (analog guard) terminal s are connected through 10K Ohm resistors
to chassis ground. To connect the shields directly to chassis ground on the
E1415 and the E1419 Option 12 Terminal Module, install the
guard-to-ground jumpers for the E1538 channels
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Input Configured HP E1538 Channel

+ -

+-48V < (5 F) Vsignal

|

i Intput-configured
! channel

|

Dig Gnd OV

For input-configured channels, Hnn
can be driven above or below Lnn

Output Configured HP E1538 Channel

shielded twisted pair

i E1415/19's analog ground
! common to all channels

use guard-to-

ground jumper\A

Gnn |

HP E1415/19's
Chassis Ground

terminal blocks |
or connectors

Hnn A
+ only! i
. ! output-configured
+48V —IL) Vsignal 3 channel
|
Dig Gnd OV shielded twisted pair Lnn 7

For output-configured channels, Hnn
MUST NOT BE DRIVEN BELOW Lnn
or a diode that is part of the output

i E1415/19's analog ground
! common to all channels

use guard-to-

ground jumper

Gnn !

transistor will conduct heavily.

HP E1415/19's
Chassis Ground

Figure 5. Recommended Connections and Voltage Limits

Input and Output Characteristics

Input Characteristics

This section describes the E1538's channel input and output electrical
characteristics. Refer to Figure 6 for the following discussions.

When configured for input, E1538 channel sprovidedigital input through the
threshold comparator. Thedigital input thresholdlevel isprogrammablewith
a SCPI command from -48 to +47.625 VDC in .375V steps (relative to the
Lnn terminal). The threshold amplifier also provides typically 0.5 volts of
hysteresis regardless of the threshold level setting. The input impedancein
thisconfigurationisgreater than 100K Q (aslong asthe 10K Q pull-upresistor
is OFF).

Channels 0 and 1 also provide the capability (when the VRS switch is ON)
toread the output of variablereluctance sensors. Becausethe output of aVRS
variesinrelationtothevel ocity of thetoothed wheel itisreading, theE1538A
providesadaptiveamplifiersfor these channels. Thefunction of theamplifier

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP 9



isto maintain a constant-level digital output while the input varies from
millivolts to several tens of volts.

For simple sensing of switches and open collector logic devices, achannel’s
pull-up resistor can be connected by closing its PU switch.

% » Voo = ittt channelsOand 1only- -« --------
o8 :
f 8 . 1K Adaptive :
© < 10 K J\/\/\/ W Zero Cross _D VRS |nput Data
c g . 464 K 1 ¥  Detector .
£ 0
85 -\ YRS
; BU : (variable reluctance sense)
Hinn (pu"'Up enable)} 90 K Threshold
O @ Comparator _D Normal Input Data
(+-12V)
‘ 30K
OE Pl
|
| output enable
! (outp ) ThrDe/_s\gmd —<_] Threshold Control
|
Lnn ‘
O |~ <_] Output Data
‘ v
|

Figure 6. The E1538A Input/Output Characteristics

VRS Mode WhentheVRSconfiguration switchissettoon, theinput signal conditioning
Input Operation (SCP  for that channel is changed to make it compatible with atypical variable

channels 0 & 1 only) reluctance sensor. Thevariabl e reluctance sensor iscommonly used to detect
rotational shaft positionand/or velocity. Becausethevoltage output of aVRS
is proportional to the rate of change of a magnetic field, different rotational
velocitiesgeneratedifferent signal amplitudes. TheV RS-configured channel
detectsthe negative going zero-crossing point of the signal. To minimizethe
effects of input noise, the zero-crossing detector can only betriggered if the
positive-going portion of the signal exceeded an "arming" threshold. The
arming circuit is reset when zero-crossing detector istriggered so it can't
re-trigger until after the signal exceeds the arming threshold again. The
arming threshold tracks the positive peak input level and is 80% of this peak
value. By sensingthe" zero-crossing” point of theinput signal, the VRS mode
isolates signal amplitude changes from affecting signal timing.

Note VRSenable ON isnot alowedif PU enableis ON.

At high rotational speeds, variable reluctance sensors can generate voltage
levelsover 100VAC. TheVRSinputsmust be protected against signal levels
over 17.5 Volts. If your VRS will generate voltages over 17.5, you must
provide aresistor in series with the VRS input. The user-supplied resistor,
together withthe VRS input's 5.38K input impedance form avoltage divider
that attenuates the input signal at the channel’s Hi input terminal. Use the

10 Agilent E1538A Enhanced Frequency/Totalize/PWM SCP



Input signal
from sensor

internal signal from VRS . R A ‘ ] 1 1
zero-crossing detector | | | | | | | | ﬂ ﬂ ﬂ | | Reluctance

(input to SCP function)

Output Characteristics

Caution

Note

Veensor = 17.5 . .
formula Ryyerpal = % to cal culate the protection resistor’svalue.

Figure 7 shows the VRS mode input characteristics.

arm level tracks at
' 89% of pegk signal‘

1 "\ I\
-1

A4 Inpyt  ——>

| 4.64K X ¥ circuit
I(3mA max) !

v v

Variable

Sensor

Figure 7. VRS Mode Input Characteristics

The output stage of the E1538A issimply aMOS FET transistor that is
configured as "open-drain” when the pull-up resistor is not connected (PU
switch is OFF). For simple interfacing to logic devices, the pull-up resistor
can be connected by turning the PU switch ON. Operating voltages (output
transistor off) at an output-configured channel can range from 0 to 48 volts.
The output can sink up to 100mA of current (output transistor on).

If the Hnn terminal is driven below the Lnn terminal while a
channel is output-configured, an "inherent diode" in the output
transistor will conduct heavily. This reverse current must be
limited to 100mA, or damage to the SCP could result.

The*RST and power-on condition (true also after * TST) for output-
configured channels will output alogical one (open-drain output off). You
should keep this behavior in mind when applying the E1415 to your
system. It is best to have your system’s digital inputs use a high (one) as
their safe state.

Programming With SCPI Commands

The SCPI commands shown hereconfigure E1538 functions. The E1415 and
E1419 don't provide SCPI commands to read an input channel or control an
output channel. This communication with the SCP is provided by the

Algorithm Language. Examples will show communication with algorithms.

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP 11



Checking the ID
of the SCP

Configuring the
Channels

Configuring I/O Direction

Programming Input
Channels

Setting the Input
Threshold Level

Note

To verify the SCP type(s) installed on your VXI module, use the
SYSTem:CTY Pe? (@<channel>) command.

® The channel parameter specifies a single channel in the channel range
covered by the SCP of interest. Thefirst channel number for each of the
eight SCP positions are; 0,8,16,24,32,40,48, and 56.

The value returned for the E1538A SCPis:
HEWLETT-PACKARD,E1538A Enhanced Frequency/Totalize/PWM SCP,0,0

To determine the type of SCP installed on channels 0 through 7 send

SYST:CTYPE? (@100) query SCP type @ ch 0
enter statement here enter response string

The E1538A haseight digital channels. The Power-on and * RST stateisthat
al input-configured channels sense static digital state
(SENS:FUNC:COND), and all output-configured channels output static
digital state (SOUR:FUNC:COND). Logical senseis normal

(INP:POL NORM and OUTP:POL NORM).

Channels are configured for input or output with the I/O direction switches
(see "Setting Configuration Switches' on page 6).

This section dealswith all aspects of programming input channel functions.
Channels are configured for input with the I/O direction switches (see
"Configuring Input-Output direction" on page 6). A related error message:
3123,"E1538 OE switch ON conflicts with this command.”

TheE1538 allowsprogrammatically setting theinput thresholdlevel for each
input configured channel. The input threshold can be set from -46VDC to
+46V DC with .375V resolution. Whileinput polarity isset to NORMAL, an
input level higher than the threshold level is considered alogic one, and an
input level lower than the threshold level is considered alogic zero. If input
polarity is set to INVerted, an input level higher than the threshold level is
considered alogic zero and an input level lower than the threshold level is
considered alogic one. To set input threshold level use the command

INPut: THReshold:LEVel <level>,(@<ch_list>)

® <|evel> is avalue between -46 and +46 inclusive. The resolution for
<level>is0.375 Volts. The *RST and power-on default for <level> is
1.78 volts.

The value sent for <level> will be rounded to the nearest multiple of 0.375
Volts. For instance, 5 would be 4.875, 10 would be 10.125, 9.5 would be
9.375, and 15 would be 15. The INP:THR:LEV ? query will return the
actual setting.

12 Agilent E1538A Enhanced Frequency/Totalize/PWM SCP



Determining the Input
Threshold Level

Note

Set Input Logic Sense

® Channelsin <ch_list> must beinput configured channels

To determine a channel’s input threshold level, use the command:
INPut: THReshold:LEVel? (@<channel>)

Because the E1538 rounds <level> to the nearest multiple of 0.375, the
returned value can be different from the value sent.

® <channel> must specify a single input-configured channel.

* INP:THR:LEV ? returns a numeric value between -46 and +46. The
C-SCPI typeisint32.

To query the threshold level on the second channel at SCP position 4 send:

INP:THR:LEV? (@133) query 2nd chan on SCP pos. 4
enter statement here returns threshold value

Use INPut:POLarity NORMal | INVerted,(@<ch_list>) to configure input
channel logic sense. The operation is as follows:

INP:POL NORM input voltage greater than the threshold level sends a
value of 1 (one) to the algorithm channel specifier.

INP:POL INV input voltage greater than the threshold level sends a
value of 0 (zero) to the algorithm channel specifier.

To configure channels 40 to 43 to sense low input aslogic 1

INP:POL INV,(@140:143)

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP 13



Reading Static  This means reading a channel’s current digital state when an algorithm
Digital State executes. Thisisthe default function assigned to al digital input channels
after *RST and at power-up. To set individual channels to this function use
the SCPI command [SENSe:]FUNCtion:CONDition (@<ch list>). The
value returned to an algorithm is a floating point representation of 0 or 1,
depending on the state of theinput signal and the channel’s INP:POL setting.

To set channels 40 through 43 to input digital states

*RST
SENS:FUNC:COND (@140:143) default for all dig inputs

ALG:DEF 'ALG1"; writecvt(1140,40); writecvt(1141,41); writecvt(142,42);
writecvt(143,43);

INIT

do loop
SENSE:DATA:CVT? (@40:43)
read 4 CVT values

end loop

Signal sampled only at
the beginning of each

algorithm execution \ \ \ \ \ \ \

Algorithm Executions I | |_| |_| |_| |_| |_|
| | | | |
‘ | : : :
Signal at Input Channel ! (m | } | | } }
| ] | | |
| | | | |
| | | | |
1 1 | 1 1

L
L

i
|
|
|
|
|
|
|
|
|
|

Data Received in Algorithm |

|

0
change ignored change ignored
Data Latency Examples

Figure 8. Input Static Digital States
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Totalize Positive or
Negative Edge State
Changes

Totalize count reset
and restarted at each
algorithm trigger event

Use[SENSe ]FUNCtion:TOTalize (@<ch_list>) to configure channelsto
totalize. Totalize meansto simply count state transitions (either positive
going, or negative going). Figure 9 A shows totalizing transitions between
each algorithm execution. Figure 9 B showstotalizing all transitions starting
from the time the modul e last received an INI Tiate command.

Use [SENSe]TOTalize:RESet:MODe INIT | TRIG,(@<ch _list>) to
configurethetotalize channel to either reset its count once each trigger event,
or only when the moduleisINITiated. Use INP:POL INV to sense negative
edges. The count capacity is 16,777,215 (24-hits, unsigned)

To totalize state changes at channel 44 starting from INI Tiate time

*RST

SENS:TOT:RES:MOD INIT,(@144) ch44 totalizereset at INIT
SENS:FUNC:TOT (@144) ch 44 istotalize input
ALG:DEF 'ALG1’,'writecvt(1144,44); alg sends count to CVT
INIT

SENS:DATA:CVT? (@44) get totalize count from cvt

[SENSe:]TOTalize:RESet:MODe TRIG

INITiate here

Algorithm Executions _|_|

A

i |
|
|
Signalat lnput Channel MMM_I_IM_
|
|
|
|
|
|

|
|
|
Count as Read by Algorithm 0
(assumes polarity is normal)

Totalize count reset

only when module  [SENSe:]TOTalize:RESet:MODe INIT

receives INITiate \

B INITialize Here ‘

Algorithm Executions _|_|

Signal at Input Channel | | | | | | | | | | | | | | | | | | | | | |

|

|

|
Count as Read by Algorithm 0
(assumes polarity is normal)

Figure 9. Input Totalize Count
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About Period and The E1538A actually measures signal period for both the period and
Frequency frequency functions. If the measurement function is set to frequency rather
Measurements than period, the SCP returns the reciprocal of the measured period. The
resolution of each period measurement is based on the time processor chip’s
timer period (238.4nS). To improve resolution on faster input signals,
multiple signal periods can be measured and averaged. For period
measurements there are two different modes that can be used to control the
number of periods to average. For frequency measurements only the
APERture mode is available.

1. The [SENSe:]PERiod:NPERiod mode explicitly sets the number of
signal periods to measure and average. The time it takes the SCP to
return a reading is dependent on the input signal period (for a given
NPERIod setting), longer signal periods take longer to return a
reading.

In NPERiod mode the actual measurement resolution (in seconds) is
fixed while the relative resolution (as a percentage of the input signal
period) is variable. That is, when NPERiods is set to provide an
adequate resolution for short period signals, long period signals will
have increased resolution.

2. The APERture mode sets a fixed duration that the SCP will use to
measure multiple signal periods. The actual effective APERture
<time> will be:

_<time> . .
INTDsignal_periode signal_period
The minimum aperture will be 1 signal period, and the maximum will
be 255 signal periods.

In APERture mode, the effective resolution (in seconds) varies with
the period of the input signal. That is, as the signal period is reduced,
the number of measurements averaged increases, thereby improving
the effective resolution. However, the relative resolution (as a
percentage of the input signal period) is fairly constant with changes
in signal period.

Generally, more measurements (greater NPERiod count or longer APERture
time) means a more accurate frequency value. Of course more measurements
means that the reading returned contains more latency (is “older” in relation
to the signal's current frequency). To track fast changing frequency, you have
to trade-off some accuracy with a shorter aperture time.
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Measure Frequency

Frequency read at
the beginning of each

Use [SENSe:]FREQuency:APERture <time>,(@<ch_list>) to configure

the frequency counter channels’ measurement interval.

Use [SENSe:]FUNCtion:FREQuency (@<ch_list>) to configure channels

to measure signal frequency.

To measure frequency at channel 45 with aperture of 1 second

*RST
TRIGGER:TIMER .2
SENS:FUNC:FREQ (@145)
SENS:FREQ:APER 1,(@145)
ALG:DEF 'ALGY1’, 'writecvt(1145,45);
INIT

do loop

SENS:DATA:CVT? (@45)

read value from CVT query above
end loop

Alg executes at .2 sec intervals
ch 45 isfrequency counter

meas and avg sig periods for 1S
alg puts frequency in CVT

start algorithm execution

get frequency from CVT

algorithm execution
INITiate here

Algorithm Executions
(set by TRIG:TIMER)

Signal at Input Channel
(1KHz)

Freq Value Read by Algorithm

Average signal periods for
APERture time

|
a— 28ec —»

[

]

A

T T

1

| | | |
| | | |
| | | |
| | | |
| | | |
998 998 998
T All values returned before average is complete
are from a single period measurement

|

|

|
998 998

1000 1000 ==

SCP averages signal periods in this example
for one second then converts to frequency

Figure 10. Input Frequency

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP

17



Measure Period

Period read at
the beginning of each

Use[SENSe ]PERiod:MODe APERture|NPERiods,(@<ch_list>) toselect
the measurement interval setting mode.

Depending on the mode sel ected above use

[SENSe] PERiod:APERture <time>,(@<ch_list>) or

use [SENSe:]PERiod:NPERiods <n_periods>,(@<ch _list>) to set the
interval for measuring and averaging signal periods.

For PERiod function, the E1538 spports two distinct measurement ranges:

1. When SENS:PER:RANGE is set to 1sec, the E1538 can measure
periodsfrom 10usec - 1sec. The value of SENS:PER:APER can range
from 10usec - 1sec.

2. When SENS:PER:RANGE is set to 4sec, the E1538 can measure
periods from 40usec - 4sec. The value of SENS:PER:APER can range
from 40usec - 4sec. See SENS:PER:RANGE command on page 61

Use [SENSe:]FUNCtion:PERiod (@<ch_list>) to configure channelsto
measure signal period.

To measure the signal period at channel 45 with aperture of 01 second

*RST
TRIGGER:TIMER .2
SENS:FUNC:PER (@145)
SENS:PER:RANGE 1,(@145)
SENS:PER:MODE APER(@145)
SENS:PER:APER 1,(@145)
ALG:DEF 'ALGY’, 'writecvt(1145,45);
INIT
do loop

SENS:DATA:CVT? (@45)

read value from CVT query above
end loop

Alg executes at .2 sec intervals
ch 45 to measure signal period
set period range 10psec - 1sec
set meas and avg interval mode
meas and avg sig periods for 1S
alg puts period in CVT

start algorithm execution

get period from CVT

algorithm execution
INITiate here

|
\ |
Algorithm Executions l |

(set by TRIG:TIMER)
|

U NN

T

Signal at Input Channel
(1KHz)

Period Value Read by Algorithm

[
|
|
.998e-3

.998e-3 .998e-3 .998e-3

All values returned before average is complete
are from a single-period measurement

[
|
|
.998e-3

Average signal periods for ‘e
APERture or NPERiods

SCP averages signal periods in these examples
for one second or 1000 periods

Figure 11. Input Period
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To measure period at channel 45 as the average of 1000 signal periods:

*RST
TRIGGER:TIMER .2
SENS:FUNC:PER (@145)
SENS:PER:RANGE 1,(@145)
SENS:PER:MODE NPER(@145)
SENS:PER:NPER 1000,(@145)
ALG:DEF 'ALG1’,'writecvt(1145,45);’
INIT
do loop

SENS:DATA:CVT? (@45)

read value from CVT query above
end loop

Alg executes at .2 sec intervals
ch 45 to measure signal period
set period range 10psec - 1sec
set meas interval by n periods
meas and avg 1000 sig periods
alg puts period in CVT

start algorithm execution

get period from CVT

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP 19



Measure Pulse Width

Data received at
beginning of each

This means that the E1538 will measure the width of the logic 1 portion of
apulse. The pulse width is sent to the algorithm in units of seconds. To
measure the high portion of a pulse (positive going edge to negative going
edge) set the channel input polarity to INP:POL NORM,(@<ch_list>). To
measure the low portion of the pulse (negative going edge to positive going
edge) set the channel input polarity to INP:POL INV,(@<ch_list>).

The value returned to an agorithm can be from 5uSec to 1 Second with
59.6nSec resol ution.

To configure channels to measure pulse width use the command
[SENSe:]:FUNCtion:PWIDth <avg_count>,(@<ch_list>)

® <avg_count> sets the number of pulses to average when forming the
pulse duration vaue. More counts give more accurate readings, but
slower response to changing pulse widths.

® <ch_list> specifiesthe channels that will read pulse widths

To measure pulse width on channels 46& 47

*RST

SENS:FUNC:PWID 4,(@146,147) read pulswidth on chs 46& 47
Algorithm reads the pulse widths on channels 146 and 147 and returns these
valuesin CVT elements 46 and 47

ALG:DEF 'ALGL’,'writecvt( 1146, 46 ); writecvt( 1147, 47);

INIT start algorithm

SENS:DATA.CVT? (@46,47) read pulse widths from CVT

algorithm execution

INITiate here

Algorithm Executions

Signal at Input Channel

N

1 1 [

mLL

|
|
|
|
|
|
|
|
|
i
Width as Read by Algorithm 0
(assumes polarity is normal)

.« <avg_count> example,

]
a
=

I
|
|

average of 4 pulses | }

0 0.105 0.105

Figure 12. Measure Pulse Width
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Sense Quadrature
Position

This means that the E1538 will convert adigital quadrature signal pair into
an absolute 24-bit count. The count value can be read by the algorithm.

The E1538's quadrature position function increments a counter value each
time thereis atransition on either of the quadrature channel pair. When the
lower numbered channel’s signal LEADS the higher numbered channel, the
function counts up. When the lower numbered channel LAGS the higher
numbered channel, the function counts down.

To configure a pair of channelsto sense quadrature count use
[SENSe:]FUNCtion:QUADrature [<count_preset>,](@<ch_list>)

® <count_preset> if included, allows presetting the absol ute counter
associated with the channel pair. All quadrature pairsin <ch_list> will
be preset to the same value. If not included, the default count at
agorithm start will be zero. <count_preset> can range from 0 to
16,777,215. The variable typeisint32

® <ch_list> must always specify both channels of a pair. More than one
pair can be specified. Both channels of any pair must be adjacent.
<ch_list> can specify channels on more than one E1538. The channel
numbersin <ch_list> must be in ascending order. The related error
messages are:
3115, "Channels specified are not in ascending order."
3116, "Multiple channels specified are not grouped correctly."
3117, "Grouped channels are not adjacent.”
3122, "This multiple channel function must not span multiple SCPs."

The algorithm reads the current count through the low numbered
channel. The count is an unsigned 24-bit value ranging from 0 to
16,777,215. The counter can roll over from 16,777,2215 to O, and roll
under from O to 16,777,215 is 16,777,215.

To configure channels42 and 43 as one quadrature pair, and channels 48 and
49 as another pair

*RST

SENS:FUNC:QUAD 8192,(@142,143) pair 42& 43 preset to count of
8192

SENS:FUNC:QUAD 0,(@148,149) pair 48& 49 preset to 0

algorithmwill retrieve values from input channels and place in CVT elements
ALG:DEF 'ALGY’,'writecvt(1142,42); writecvt(1148,48);’

INIT start algorithm execution

begin loop loops between here and end loop
SENS:DATA:CVT? (@42,48) get quadrature position count
display or otherwise use count info

end loop

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP 21



Inputs read at
beginning of each

algorithm execution \

INITiate here ‘

Algorithm Executions l |

NN NN

|
Signal at Low # Channel fi }: f 1 f % f * f % f * f
|

(clockwise)

| Clockwise
i Rotation

Signal at High # Channel MW (A leads B)
|

Signal at Low # Channel

|
|
|
Count as read by algorithm 4096
|
|
|
|
|
|
(counter-clockwise) i

|

|

|

|

Pulse
Generator

Counter-

Clockwise
. . Rotation
Signal at High # Channel MM (@ (B leads A)

Count as read by algorithm 4120

Sense Rotational Velocity

1
I
I
I
I
I
I
I
I
I
I
!
i

4102 4108 4114 4120 Rotary
|
I
I
I
I
I
I
I
[
I
I
I
I
I
I
!

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| ‘
4114 4108 4102 4096

Figure 13. Sense Quadrature Position

Thismeansthat the E1538 will read therotational velocity of atoothed wheel
sensor. The E1538 measures tooth-to-tooth period and convertsit into units
of revolutions per second (RPS). Thisfunction can only be linked to the
E1538's first channel. The function works for wheels that have either a
missing, or an extratooth to mark their index position. Figure 14 shows a
wheel sensed with avariablereluctance sensor (using the VRSinput option),
but any wheel sensing method is applicable as long asit provides a digital
output to the RVEL channel.

100, 000 RPS

The value read by the algorithm can rangefrom —— RPS to v

Aswell as sensing rotational velocity, SENS:FUNC:RVEL provides the
reference position to the SOUR:FUNC:RPUL se function that generates
angular positioned pulses. See page 30 for more information on RPUL se.

To assign a channel to sense rotational velocity, use the command:
[SENSe]FUNCtion:RVELocity <n_teeth>,<index type>,(@<ch_list>)

® <n_teeth> isthe number of teeth that the wheel would haveif it didn't
have missing or extrateeth. For example, wewould set <n_teeth>to 12
for the wheel shown in Figure 14, even though with the missing tooth,
there are only 11. <n_teeth> can range from 3 to 255.
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® <index_type> can be either of the strings "MI1SSing", or "EXTRa"

® <ch_list> must bethe first channel on the SCP, but can contain more
than one channel provided that each channel ison aseparate E1538. See
following note. The related Error Messages are:
3110, "Channel specified isinvalid for RVEL ocity function.

Note Only one channel on any E1538 SCP can be assigned to the
SENS:FUNC:RVEL function, and it must be the first channel on the SCP"

Inputs read at
beginning of each

algorithm execution \ \ \ \ \

INITiate here ! !

| | |
\ « 10mS —» i i i
| | | | |
Algorithm Executions ﬂ | | | | | | | |
|
|
|
|
|
|
|
|

Signal from Missing Tooth

Signal from Extra Tooth

[
\
\
\
|
\
|
\
| \
[
\
1 ‘ ‘ 1
50 50 50 50

[
|
|
|
|
|
|
|
\
1
|
Data to algorithm in RPS | 0
(Note: revolutions, not

teeth per second) Variable Reluctance Sensor
reading extra-tooth wheel

Figure 14. Sense Rotational Velocity

Example of Rotational Velocity Sense
Channel 40 senses RVEL and the algorithm reads and returns the vel ocity
valuein CVT element 40

*RST
SENSE:FUNC:RVEL 12,MISSING,(@140) 12 toothed wheel with one
missing, from channel 40

ALG:DEF 'ALG1’,'writecvt(I1140,40); simply putsvaluefromch 40into
CVT element 40

INIT start the algorithm

loop always will loop from"end loop" to here

SENS:DATA:CVT? (@40) query the value from CVT 40

display the RVEL value

end loop
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Programming Output
Channels

Controlling Output
Polarity

Output Static
Digital State

Output occurrs only
at the end of each

Thissection dealswith all aspects of programming output channel functions.
Channels are configured for output with the 1/O direction switches (see
"Configuring Input-Output direction" on page 6). A related error message:
3124, "E1538 OE switch OFF conflicts with this command.”

Use OUTPut:POLarity NORMal | INVerted,(@<ch_list>) to configure
output channel logic sense. The operationsis as follows:

OUTP:POL NORM alogica 1 output from the algorithm, or generated
within the E1538 (single or repetitive pulses) will
turn off the output transistor (can be pulled up).

OUT:POL INV alogical 1 output from the algorithm, or generated
withinthe E1538 (singleor repetitive pulses) will turn
off the output transistor (pullslow).

To configure channels 40 to 43 to drive their outputs low for alogic 1
OUTP:POL INV,(@140:143)

This means setting achannel’s digital state when an algorithm executes. To
set individua channels to this function use the SCPI command
SOURce:FUNCtion[:SHAPe]:CONDition (@<ch_list>)

To configure channels 40 through 43 as static digital outputs, send

*RST

SOUR:FUNC:COND (@140:143) default for all digital outputs
ALG:DEF 'ALG1’,'static float ch0=0, ch1=1, ch2=0, ch3=1; 0140=chO;
0141=chl; O142=ch2; 0143=ch3;

INIT

algorithm execution

Algorithm Executions

e IV

= /]
=
=
=
=
’:L/

Output Data in Algorithm 0
(for example, 0132 = 1)

Signal from Output Channel | | |

-
o
-
o

o

Figure 15. Output Static Levels
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Variable Width Pulse Per
Trigger

Output occurrs only
at the end of each

This means that the channel generates a pulse whose width is specified by
the algorithm each time the algorithm executes. The value sent by the
agorithm can range from 7.87uSec to 7.812mSec.

The command sequence to set-up thismode is:

SOURce:FUNCtion:PULSe (@<ch_list>) to enable pulse generation.

the following two commands return the E1538 to the Single pul se-per-trigger
mode from either the FM or Pulse Width Modulation modes. Snce Sngle
pulse-per-trigger isthedefault pulsemodeat power -up or after * RST, only * RST
then SOUR:FUNC:PULS (@<ch_list>) are actually needed.

SOURce:FM[:STATe] OFF,(@<ch _list>) to disable FM mode.
SOURce:PULM[:STATe] OFF,(@<ch_list>) to disable PWM mode.

To configure channel 44 to output asingle controlled width pulse per trigger

*RST
after *RST, sour:func:pulsisall that isrequired to enable the default single
pulse-per-trigger mode.

SOUR:FUNC:PULS (@144) channel sources pulses...
ALG:DEF 'ALG1, 'static float outpulse=0.001; O144=outpulse;’

INIT start alg execution
ALG:SCAL 'ALG1',/outpulse’,5E-4 .5ms pulse
ALG:UPDATE

INITiate here

algorithm execution \
|
|

output channel

|

Algorithm data to  0.06]
|

>

Signal at Output Channel I | |

e 400mS ——»

Algorithm Executions ﬂ

N N\

™
i

—1
—1

I
I

I

0.18 0.02 |
I

I

I

<—60mS -« 350mS — > v:<~1SOmS~>‘ 20ms»i -—
| |

Figure 16. Output Variable Width Pulse per Trigger
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Variable Width Pulse Thismeansthat the E1538 outputs a continuous train of pulses whose logic
Train (PWM) 1pulsewidthiscontrolled by the algorithm. The frequency is set by a SCPI
command before INIT. Use the following command sequence to set up this

mode:

SOURce:FUNCtion:PULSe (@<ch_list>) to enable pulse generation.
SOURce:PULMI[:STATe] ON,(@<ch_list>) to select the PWM mode
SOURce:PULSe:PERiod <period>,(@<ch_list>) to set the pulserepetition
period (frequency = 1/<period>). <period> can range from 25uSec to
7.812mSec.

The pulse width value sent by the algorithm can range from 7.87uSec to
<period>-7.87uSec. Resolution within thisrange is 238.4nSec.100%
duty-cycle is output when the a gorithm sends a value greater than or equal
to <period>. 0% duty-cycleis output when the algorithm sends avalue less
than or equal to O.

To configure channel 45 to output a variable pulse width continuous train

SOUR:FUNC:PULS (@145) channel sources pulses...
SOUR:PULM ON,(@145) and continuous PWM train
SOUR:PULS:PER .0005,(@145) .5 msec period (2KHz freq)

The algorithm can now output a value to channel 45 to control pulse width
of the logic 1 portion of the waveform:

0145 = 333E-6 /* channel 45 pulse width will be 333 pusec */

Output changes only
at the end of each

algorithm execution \

/|
<

INITiate here

I_‘
—
—
—

Algorithm Executions

|

| |
Algorithm data to g 30 0.060! 0.045

|

|

|

|

|

|

|

0.090/

output channel !
\

|
> la—30mS (33%) > [«—60mS (66%)
|

«—45mS (50%) 90mS ﬂn (100%) re—
| | \ | \
Signal at Output Channel I—I |_| }
l
| | | |
Preset Period ) goms 'w— ) ooms e ) ooms > 90mS e

Figure 17. Output Pulse-Width-Modulated Signal
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Variable Frequency Fixed
Width Pulse Train (FM)

Output changes only
at the end of each
algorithm execution

INITiate here

Algorithm Executions

Algorithm data to
output channel

Signal at Output Channel

Preset Pulse Width

This means that the E1538 outputs a continuous train of pulses whose
frequency is controlled by thealgorithm. Thelogic 1 level pulse width isset
by a SCPI command before INIT. Use the following command sequence:

SOURce:FUNCtion:PULSe (@<ch_list>) to enable pulse generation.
SOURce:FM[:STATe] ON,(@<ch_list>) to select the FM mode.
SOURce:PULSeWIDTh <width>,(@<ch_list>) to pre-set the pulse width
of thelogic 1 portion of the waveform. <width> can range from 7.87uSec to
7.812mSec.

Thefreguency value sent by the algorithm can range from 128Hz to 40K Hz.

2

. fout
The frequency resolution is 2154 N

To configure channel 45 to output variable frequency continuous train with
fixed pulse width

SOUR:FUNC:PULS (@145) channel sources pulses...
SOUR:FM ON,(@145) and continuous pulse train
SOUR:PULS:WIDT .001,(@145) 1 msec fixed pulse width

The algorithm can now output a frequency value to channel 45:

0145 =250 /* channel 45 will source 250 Hz pulse train */

/
=g

—
=
—

100

i

N
o
o

l4—200Hz (5mS) > ‘f400Hz (2.5mS) +—500Hz
|

N
o
S
IS4
S
S

i

{«— 100Hz (10mS)
|

_HJUUULHMMMMUUIIHIHHIIIIIHIIHIIHIHIIIII o

|
|
> -

[
2ms (20%) »! le— 2ms (40%) > ke 2ms (80%)

Figure 18. Output Fixed Pulse Width Variable Frequency (FM)
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Variable Frequency This meansthat the E1538 outputs a continuous train of pulses whose
Square-Wave Pulse Train  frequency iscontrolled by thealgorithm. Thetheduty-cycleof thewaveform
(FM) is always 50%. Use the following command sequence:

SOURce:FUNCtion:SQUare (@<ch _list>) to enable square-wave
generation.
SOURce:FM[:STATe] ON,(@<ch_list>) to select the FM mode.

The frequency value sent by the algorithm can range from 64Hz to 40KHz.
2

. fout
The frequency resolution is 2154 N

To configure channel 45 to output variable frequency continuoustrain with
50% duty cycle (square wave)

SOUR:FUNC:SQUARE (@145) channel sources square wave...
SOUR:FM ON,(@145) and continuous PWM train

The algorithm can now output a frequency vaue to channel 45:

0145 = 2000 /* channel 45 will source 2 KHz square wave */

Output changes only
at the end of each

algorithm execution \ \ \

INITiate here

=
=

—
=

Algorithm Executions

| |
| |
Algorithm data to | 4go| 200 | 400
output channel (Hz) [ !
|
|

(o))
o
o

|
| |
> {«— 100Hz (10mS) —» [«— 200Hz (5mS) 1 le— 400Hz (2.5mS) r«— 500Hz (2mS)
| | | | | |

Signal at Output Channel

| | [ Il
Pulse Width (period/2) ' '«— 5ms (50%) >« 2.5mS (50%) > 1mS (50%)

Figure 19. Output Square Wave Variable Frequency (FM)
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Rotationally Positioned Thismeansthat the E1538 will generate pul seswhich are positioned by angle
Pulse Output (usualy shaft angle). The rotational pulse function requires arotational
reference, and thisis provided by the SENS:RVEL function from the SCP's
first channel. There are four related commands that set up rotational pulses.
Combinations of these commands can set up four different rotational pulse
modes. Figure 20 shows these modes and the command sequence for each.
Following Figure 20 is the command reference for all four commands.
Following that are examples of each of the four modes.

>=variable property

pulse position controlled (varied)
in algorithm (always by angle)

V

=fixed property Ot=ang|e At=time

SENS:FUNC:RVEL <n_teeth>,<index_type>,(@<ref_channel>)
SOUR:FUNC:RPUL (@ref_channel>),(@<ch_list>)

pulse width fixed before
SOUR:RPUL:WIDTh[:ANGLe] <degrees>,(@<ch_list>)

INITiate (by angle)

A

pulse position controlled (varied)
in algorithm (always by angle)
SENS:FUNC:RVEL <n_teeth>,<index_type>,(@<ref_channel>)
SOUR:FUNC:RPUL (@-<ref_channel>),(@<ch_list>)
SOUR:RPUL:WIDTh:TIME <seconds>,(@<ch_list>)

A

pulse width fixed before
INITiate (by time)

pulse position fixed before
INITiate (always by angle)
SENS:FUNC:RVEL <n_teeth>,<index_type>,(@<ref_channel>)
SOUR:FUNC:RPUL (@<ch_list>),(@<ch_list>)
SOUR:RPUL:POSition[:ANGLe] <degrees>,(@<ch_list>)
SOUR:RPUL:VARType ANGLe,(@<ch_list>)

B

pulse width controlled (varied)
in algorithm (by angle)

pulse position fixed before

INITiate (always by angle)

SENS:FUNC:RVEL <n_teeth>,<index_type>,(@<ref_channel>)
SOUR:FUNC:RPUL (@<ch_list>),(@<ch_list>)
SOUR:RPUL:POSition[:ANGLe] <degrees>,(@<ch_list>)
SOUR:RPUL:VARType TIME,(@<ch_list>)

7

pulse width controlled (varied) .
in algorithm (by time)

Figure 20. Four Modes of Rotationally Positioned Pulses
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Rotational Pulse Use SOURce:FUNCtion:RPULse (@<ref _channel>),(@<ch_list>) to
Command Usage link channelsin <ch_list> to the rotational pulse function. The channel in
<ref_channel> will belinked to the SENS:FUNC:RVEL functionto provide
the rotational reference information to SOUR:FUNC:RPUL.

The commands:

SOURce:RPUL se:POSition[:ANGL €] <degrees>,(@<ch_list>),
SOURce:RPULseWIDTh[:ANGL¢g] <degrees>,(@<ch_list>), and
SOURce:RPULseWIDTh:TIME <seconds>,(@<ch_list>) fix the
channels' rotational pulse position (SOUR:RPUL:POS:ANGL), or the
rotationa pulse width (SOUR:RPUL:WIDT:ANGL and :TIME) before the
INITiate command. The remaining pulse property - the property NOT
specified in one of these commands- will be controlled within the algorithm.

® <ch_list> specifiesthe SOUR:FUNC:RPUL channel(s) that will be set
to the property specified by the command syntax.

® For pul seposition, <degrees> canrangefrom-33,554,430t0 33,554,430
degrees, with aresolution of 1 degree. The pulseis positioned at
<degrees> modulo 360.

For pulse width, <degrees> can range from 0 to 360 degrees, with a
resolution of 1 degree.

® <time> specifies pulse width in seconds, ranging from .00000787 (7.87
uS) to .015624 (15.624mS), with aresolution of 238.4nS

The command:
SOUR:RPULse:VARType ANGLe| TIME,(@<ch_list>) specifiesthe
type of value that will be controlled (varied) by the algorithm.

* ANGLe specifies that the algorithm will send values of angle (in
degrees) to the channel(s).

TIME specifiesthat the algorithm will send values of time (in seconds)
to the channel(s).

® <ch_list> specifiesthe SOUR:FUNC:RPUL channel(s) that will be
controlled (varied) by the algorithm.
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Rotational Pulse Mode:

Variable Angular Position, Preset Pulse Width (by angle)

Inthismode, theangular position of the pulsesiscontrolled by theal gorithm,
and thewidth (duration in degrees) is preset before INIT. See Figure 21.Use

the following command sequence:

SOURce:FUNCtion:RPULse (@<ref_channel>),(@<ch_list>)toselectthe
channels that will output angular positioned pulses, and to specify the

reference channel.

SOURCe:RPULseWIDTh[:ANGL€] <degrees>,(@<ch_list>) to preset
the pulse width in degrees. The algorithm will control the angular pulse

position.

Example of variable position, preset width (by angle):
Set up channel 40 as the reference channel, and channels 45 through 47 to

output variable position pulses:

*RST
SENS:FUNC:RVEL 12,MISS,(@140)

sense rvel for reference channel

SOUR:FUNC:RPULSE (@140),(@145:147) 3rotational pulse output chans
SOUR:RPULSE:WIDT:ANGL 15,(@145:147)preset pulse width to 15 degrees

Algorithm outputs pulses on all three channels with variable position.
ALG:DEF 'ALGY’ static float Posl, Pos2, P0s3;0145 = Pos1; 0146 =

Po0s2;0147 = Pos3;’
ALG:SCALAR’ALG1’,'Pos1’,60

ALG:SCALAR'ALG1’,’P0s2',180
ALG:SCALAR’ALG1’,’P0s3’,300
ALG:UPDATE

INIT

ALG:SCALAR 'ALG1''Posl',NewPosl
ALG:SCALAR 'ALG1''Pos2',NewPos2
ALG:SCALAR 'ALG1''Pos3',NewPos3

ALG:UPDATE

preset ch 45's pul se pos to 60°
preset ch 46's pul se pos to 180°
preset ch 47’s pul se pos to 300°

start algorithm execution
calculate values for NewPos(n)

later, adjust channel 45's
position whilealgorithmrunning
later, adjust channel 46's
positionwhilealgorithmrunning
later, adjust channel 47's
positionwhilealgorithmrunning
values in update queue sent to
variables
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Figure 21. Variable Position, Width Preset by Angle

Rotational Pulse Mode:
Variable Angular Position, Preset Pulse Width (by time)

Inthismode, theangular position of the pulsesiscontrolled by theal gorithm,
and thewidth (durationin seconds) is preset before INIT. SeeFigure 22. Use
the following command sequence:

SOURce:FUNCtion:RPULse (@<ref_channel>),(@<ch_list>)toselectthe
channels that will output angular positioned pulses, and to specify the
reference channel.

SOURCe:RPULseWIDTh:TIME <seconds>,(@<ch_list>) to preset the
pulsewidthin seconds. The algorithm will control the angular pul se position.

Example of variable position, preset width:
Set up channel 40 as the reference channel, and channels 45 through 47 to
output variable position pulses:

*RST

SENS:FUNC:RVEL 12,MISS,(@140) sense rvel for reference channel

SOUR:FUNC:RPULSE (@140),(@145:147) 3rotational pulse output chans

SOUR:RPULSE:WIDT:TIME .001,(@145:147preset pulse width to 1 millisec.
Algorithm outputs pulses on all three channels with variable position.

ALG:DEF 'ALG1' 'static float Posl, Pos2, P0s3;0145 = Pos1; 0146 = Pos2;

0147 = Pos3;
ALG:SCALAR’ALGY1’,’Pos1’,60 preset ch 45's pulse pos to 60°
ALG:SCALAR’ALG1’,'Pos2’,180 preset ch 46's pulse pos to 180°
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ALG:SCALAR’ALG1’,’P0s3’,300
ALG:UPDATE
INIT

ALG:SCALAR 'ALG1''Posl1',NewPos1
ALG:SCALAR 'ALG1''Pos2',NewPos2

ALG:SCALAR 'ALG1''Pos3',NewPos3

preset ch 47’s pul se pos to 300°
start algorithm execution
calculate values for NewPos(n)

later, adjust channel 45's
position whilealgorithmrunning
later, adjust channel 46's
positionwhilealgorithmrunning
later, adjust channel 47's
positionwhilealgorithmrunning

ALG:UPDATE values in update queue sent to
variables
3
S £
S v |
5. \ "
oL <+— Index Position
NS
g ~ pulse width fixed (by time)
] , / before INITiate command

pulse width fixed (by time)
before INITiate command

extra-tooth wheel read by
SENS:FUNC:RVEL channel

pulse position
controlled in
algorithm (by angle)

pulse width fixed (by time)
before INITiate command

Figure 22. Variable Position, Width Preset by Time

Rotational Pulse Mode:

Variable Pulse Width (by angle), Preset Angular Position

In this mode, the angular pulse width is controlled by the algorithm, and the
angular position is preset before INIT. See Figure 23. Use the following

command sequence;

SOURce:FUNCtion:RPULse (@<ref_channel>),(@<ch_list>)toselectthe
channels that will output angular positioned pulses, and to specify the

reference channel.
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SOURce:RPULse:POSItion[:ANGLE€] <degrees>,(@<ch_list>), to preset
the angular pulse position in degrees. The algorithm will control the pulse

duration.

SOUR:RPULse:VARType ANGLe,(@<ch _list>) to set the type of value
that will vary with algorithm control (in this case pulse width ANGLe).

Example of variable width (by angle), preset position:
Set up channel 40 as the reference channel, and channels 45 through 47 to

output variable width pulses:

*RST

SENS:FUNC:RVEL 12,MISS,(@140)
SOUR:FUNC:RPULSE (@140),(@145:147)
SOUR:RPULSE:POS:ANGL 20,(@145)
SOUR:RPULSE:POS:ANGL 140,(@146)
SOUR:RPULSE:POS:ANGL 260,(@147)

SOUR:RPULSE:VART ANGL,(@145:147)

sense rvel for reference channel
3 rotational pulse output chans
preset channel 45 pul se position
to 20 degrees

preset channel 46 pulse position
to 140 degrees

preset channel 47 pulse position
to 260 degrees

algorithmwill control pulse
width by ANGLE

Algorithm outputs pulses on all three channels with variable width.
ALG:DEF 'ALG1' 'static float Width1, Width2, Width3;0145 = Width1; 0146

= Width2; 0147 = Width3;
ALG:SCALAR'ALG1’,Width1’,5
ALG:SCALAR'ALG1’,Width2’,10
ALG:SCALAR’ALG1’ Width3’,15
ALG:UPDATE

INIT

ALG:SCALAR 'ALG1','Widthl',NewWidthl
ALG:SCALAR 'ALG1','Width2',NewWidth2

ALG:SCALAR 'ALG1','Width3',NewWidth3

ALG:UPDATE

preset ch 45's pulse width to 5°
preset ch 46's pulse width to 10°
preset ch 47's pulse width to 15°

start algorithm execution
calculate NewWidth(n)

later, adjust channel 45's width
while algorithmis running
later, adjust channel 46's width
while algorithmis running
later, adjust channel 47’s width
while algorithmis running
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Figure 23. Fixed Position, Variable Width by Angle

Rotational Pulse Mode:
Variable Pulse Width (by time), Preset Angular Position

In this mode, the pulse duration (in seconds) is controlled by the algorithm,
and the angular position is preset before INIT. See Figure 24. Use the
following command sequence:

SOURce:FUNCtion:RPULse (@<ref_channel>),(@<ch_list>)toselectthe
channels that will output angular positioned pulses, and to specify the
reference channel.

SOURce:RPULse:POSition[:ANGLE€] <degrees>,(@<ch_list>) to preset
the angular pulse position in degrees. The algorithm will control the pulse
duration.

SOUR:RPULse:VARType TIME,(@<ch_list>) to set thetype of valuethat
will vary with algorithm contral (in this case pulse duration in seconds).

Example of variable width (by time), preset position:
Set up channel 40 asthe reference channel, and channels 45 through 47 to
output variable width pulses:

*RST

SENS:FUNC:RVEL 12,MISS,(@140) sense rvel for reference channel

SOUR:FUNC:RPULSE (@140),(@145:147) 3rotational pulse output chans

SOUR:RPULSE:POS:ANGL 20,(@145) preset channel 45 pulse position
to 20 degrees
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SOUR:RPULSE:POS:ANGL 140,(@146) preset channel 46 pulse position
to 140 degrees

SOUR:RPULSE:POS:ANGL 260,(@147) preset channel 47 pulse position
to 260 degrees

SOUR:RPULSE:VART TIME,(@145:147)  algorithmwill control pulse
duration by TIME

Algorithm outputs pulses on all three channels with preset duration.
ALG:DEF 'ALG1' 'static float Width1, Width2, Width3;0145 = Width1; 0146
= Width2; 0147 = Width3;’

ALG:SCALAR’ALG1’,'Width1’,.005 preset ch 45 pulse width to 5ms
ALG:SCALAR'ALG1’,’'Width2’,.010 preset ch 46 pulse width to 10ms
ALG:SCALAR'ALG1’,'Width3’,.015 preset ch 47 pulse width to 15ms
ALG:UPDATE

INIT start algorithm execution

. calculate NewWidth(n)

ALG:SCALAR 'ALG1','Width1',NewWidthl |ater, adjust channel 45'swidth
while algorithmis running

ALG:SCALAR 'ALG1','Width2',NewWidth2 |ater, adjust channel 46'swidth
while algorithmis running

ALG:SCALAR 'ALG1','Width3',NewWidth3 |ater, adjust channel 47'swidth
while algorithmisrunning

ALG:UPDATE values in update queue sent to
variables
)
\S© (\Q\e
algorithm controlled (\*66 Q;)(\ \‘p\] 2
pulse width (by time) \ 905\\\ l+— Index Position

' 0 degrees
extra-tooth wheel read by
SENS:FUNC:RVEL channel

-1~ algorithm controlled
<« pulse width (by time)

uonisod
asind pexjy
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B
0, %o/
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0, %
/ :
’/

Figure 24. Fixed Position, Variable Width by Time

algorithm controlled
pulse width (by time)
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Stepper Motor Control  Usethe command
SOURce:FUNCtion:STEPper <preset_pos>,<mode>,<max_vel>,<min_vel
> (@<ch_list>)
to control stepper motors. The E1538 can operate 2 or 4 phase motorsin full,
and half step mode. Position values are sent from the algorithm to the first
channel of a2 or 4 channel "motor group”. The algorithm reads the current
position from the second channel of the group.

Four-phase stepper motors that require less than 100mA phase current can
be directly driven by the SCP. See Figure 29 for a connection diagram that
al so shows the required user-supplied output protection components.

® <preset_pos> defines the position count at algorithm start-up.

® <mode> is used to select the stepping mode. the allowable values are;

Table 1. Stepping <mode> values

<mode> string Stepping Mode Speed Channel
MFSFC?2 Full Full 2
MFSFC4 Full Full 4
MFSHC?2 Full Half 2
MFSHC4 Full Half 4
MHSFC?2 Half Full 4

® <min_vel> isspecified in steps per second and isthe beginning step rate
a the start of the 14 or 38 step ramp-up to <max_vel>.

<max_vel> is specified in steps per second and is the maximum step
rate that will be sent to the motor after ramp-up is compl ete.

Figure 25 shows the relationship between these parameters. A related
error message: 3120, "Minimum velocity parameter must not exceed
maximum velocity parameter.”

- Velocity Profile

<max_vel> steps/second ———# ———-—-—-

<min_vel> steps/second ——» -~
standstill —— -~ e -

14 step ramp-up/down 4» L :
for 2 Channels —> «—— 38 step ramp-up/down

for 4 Channels

Figure 25. Relationship of min_vel, and max_vel

® <ch_list> specifies the channels that will control stepper motors. A
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motor phase channel group can not be split across SCPs.

The algorithm sends new position values to thefirst channel in a
motor-group. The agorithm reads the current position value from the
second channel in the motor-group.

Example of full step, full speed, 4 phase stepper motor operation:

*RST
preset count to O, full step, half speed, 4 channel, min speed 64s/s,
max speed 2569/s (in half speed mode, actual speed=half specified speed)

SOUR:FUNC:STEP 0,MFSFC4,128,512,(@144:147)

SENS:FUNC:VOLT (@100) channe! 0 reads voltage
Algorithmreads voltage a t channel 00, multipliesit by 100 to derive the value
to send to the motor. Only when the expected motor position (previously sent to
ch44) and the actual motor position (read from ch45) agree, is a new motor
position is sent to ch44.

ALG:DEF 'ALG1', 'static float MotorDrive;MotorDrive = (1100 * 100 ) - 512;

*5.12V =0 MtrDrv */

If (1(0144 - 1145) ) O144 = MotorDrive;

INIT start algorithm

The following figures show the step waveforms for the five built-in step
modes.

2 Phase Bipolar
ffffffffff - Stepper Motor

|
SCP Channel n (0 - 6) — :
Algorithm sends position | } | | | | | | | | -
| :

value to this channel

H-bridge !
SCP Channel n+1 Drivers

Algorithm reads position
value from this channel

Figure 26. Full Step Mode, Full and Half Speed, 2-Channel
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Figure 27. Full Step Mode, Full and Half Speed, 4-Channel
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Figure 28. Half Step Mode, Full Speed, 4-Channel
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4 Phase Unipolar

Hon ¢ 1 Stepper Motor
directly connects SCP output | * 2
transistors to stepper motor Ry, \/\/\/\
(use OUTP:POL INV) _‘L * . g
Hnn+1 //f
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1
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]

Figure 29. Directly Driving 4-Phase Stepper Motors
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*RST and *TST (important!)

The *RST and power-on condition (true also after * TST) for output-
configured channels will output alogical one (open-drain output off). You
should keep this behavior in mind when applying the E1415 to your system.
It is best to have your system’s digital inputs use a high (one) as their safe
State.
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SCPI Command Reference

Most of the E1538’s commands were available since its introduction. A small
number of commands are only available with E1538’s built after February
1998. The following table indicates these new commands with an X in the
"for newer units only" column. See "ldentifying the Plug-on" on fdage

Table 2.
Command Syntax For newer |  Page
unitsonly | Discussed

INPut:POLarity NORM | INV,(@<ch_list>) 44
INPut:POLarity? (@<ch_list>) 44
INPut: THReshold[:LEV€el] <level>,(@<ch_list>) 45
INPut: THReshold[:LEVel]? (@<channel>) 45
[SENSe:]FUNCtion:CONDition (@<ch_list>) 50
[SENSe]JFUNCtion:FREQuency (@<ch_list>) 51
SENSe:FREQuency:APERture <time>,(@<ch_list>) 47
SENSe:FREQuency:APERture? (@<channel>) 48
SENSe:FREQuency:LIMit:LOWer <freg limit>,(@<ch_list>) X 48
SENSe:FREQuency:LIMit:LOWer? (@<channel>) X 50
[SENSe:]FUNCtion:PERiod (@<ch_list>) X 51
SENSe:PERiod:APERture <time>,(@<ch_list>) X 56
SENSe:PERiod: APERture? (@<channel>) X 57
SENSe:PERiod:LIMit:UPPer <per_limit>,(@<ch_list>) X 57
SENSe:PERiod:LIMit:UPPer? (@<channel>) X 59
SENSe:PERiod:MODE APERture | NPERiods,(@<ch_list>) X 59
SENSe:PERiod:MODE? (@<channel>) X 60
SENSe:PERiod:NPERiods <count>,(@<ch_list>) X 60
SENSe:PERiod:NPERiods? (@<channel>) X 61
SENSe:PERiod:RANGe[:UPPer] <count>,(@<ch_list>) X 61
SENSe:PERiod:RANGe[:UPPer]? (@<channel>) X 62
[SENSe:]FUNCtion:PWIDth <avg_count>,(@<ch_list>) 52
[SENSe ]FUNCtion:QUADrature [<preset_count>,](@<ch_list>) 52
[SENSe:]FUNCtion:RVELocity <n_teeth>,<index_type>,(@<ch_list>) 53
[SENSe:]JFUNCtion:TOTaize (@<ch_list>) 55
[SENSe:]TOTaize:RESet:MODE INIT | TRIG,(@<ch_list>) 62
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Table 2.

Command Syntax For newer |  Page
unitsonly | Discussed

[SENSe]TOTdize RESet:MODE? (@<channel>) 63
OUTPut:POLarity NORM | INV,(@<ch_list>) 46
OUTPut:POL arity? (@<channel>) 46
SOURce:FUNCtion:RPULse (@<ref_chan),(@<ch_list>) 65
SOURce:RPUL se:POSition[:ANGLe€] <degrees>,(@<ch_list>) 72
SOURce:RPUL se:POSition[:ANGLE€]? (@<channel>) 73
SOURce:RPULse:WIDTh[:ANGLEe] <degrees>,(@<ch_list>) 74
SOURce:RPULseWIDTh[:ANGLE€]? (@<channel>) 75
SOURce:RPULseWIDTh:TIME <seconds>,(@<ch_list>) 75
SOURce:RPULseWIDTh:TIME? (@<channel>) 76
SOURce:RPULse:VARType ANGLe | TIME,(@<ch_list>) 73
SOURce:RPULse:VARType? (@<channel>) 74
SOURce:FUNCtion[:SHAPe]:CONDition (@<ch_list>) 66
SOURce:FUNCtion[:SHAPe]:PULSe (@<ch_list>) 66
SOURce:FM[:STATe] ON | OFF,(@<ch_list>) 63
SOURce:FM[:STATe]? (@<channel>) 64
SOURce:PULSeWIDTh <width>,(@<ch_list>) 71
SOURce:PULSeWIDTh? (@<channel>) 72
SOURce:PULM[:STATe] ON | OFF,(@<ch_list>) 69
SOURce:PULM[:STATe]? (@<channel>) 70
SOURce:PUL Se:PERiod <period>,(@<ch_list>) 70
SOURce:PUL Se:PERiod? (@<channel>) 71
SOURce:FUNCtion[:SHAPg]:SQUare (@<ch_list>) 67
SOURce:FM[:STATe] ON | OFF,(@<ch_list>) 63
SOURce:FM[:STAT¢€]? (@<channel>) 64
SOURce:FUNCtion:STEPper <preset_pos>,<mode>,<min_vel>,<max_vel>,(@<ch_list>) 67
SYSTem:CTYPe? (@<channe>) 12
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INPut:POLarity

INPut:POLarity <mode>,<ch_list> setslogical input polarity on a digital

SCP channel.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
mode discrete (string) NORMal | INVerted none
ch list string 100 - 163 none
Comments ® |f the channel sspecified areon an SCPthat doesn't support thisfunction,
an error will be generated. See your SCP's User's Manual to determine
its capabilities.
® Related Commands: for output sense; SOURce:PUL Se:POL arity
® *RST Condition: INP:POL NORM for al digital SCP channels.
® Send with VXIplug& play Function: hpeldXX_cmd(...)
Usage INP:POL INV,(@140:143) invert first 4 channelson SCP at

INPut:POLarity?

SCP position 5. Channels 40
through 43

INPut:POLarity? <channel> returns the logical input polarity on adigital

SCP channel.
Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must specify a single channel.

® |f the channel specified ison an SCP that doesn't support this function,
an error will be generated. See your SCP's User's Manual to determine
its capabilities.

® Returned Value: returns"NORM" or "INV". Thetypeisstring.

® Send with VXIplug& play Function: hpeldXX_cmdString_Q(...)

44
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INPut: THReshold[:LEVel]

INPut: THReshold[:LEVel] <level>,(@<ch_list>) ®allows
programmatically setting the input threshold level for each input
configured channel.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
level numeric (float32) -46 VDC to +46 VDC none
ch list string 100 - 163 none
Comments ® <|evel> can be set to aresolution of .375V

® . Whileinput polarity isset to NORMAL, an input level higher than the
threshold level is considered alogic one, and an input level lower than
the threshold level is considered alogic zero. If input polarity is set to
INVerted, an input level higher than the threshold level is considered a
logic zero and aninput level lower than thethreshold level isconsidered
alogic one.

Note Thevalue sent for <level> will be rounded to the nearest multiple of 0.375
Volts. For instance, 5 would be 4.875, 10 would be 10.125, 9.5 would be
9.375, and 15 would be 15. The INP: THR:LEV ? query will return the
actual setting.

® Related Commands: INPut:POLarity, INP:THR:LEV?
® *RST Condition: INP:THR:LEV = 1.875

® Send with VXIplug& play Function: hpeldXX_cmd(...)

INPut: THReshold[:LEVel]?

INPut: THReshold[:LEVel]? (@<channel>) returnsthe threshold level set
for <channel>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must specify a single channel.
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Note Because the E1538 rounds <level> to the nearest multiple of 0.375, the
returned value can be different from the value sent.

* INP:THR:LEV ? returns a numeric value between -46 and +46. The
C-SCPI typeisfloat32.

® Related Commands: INPut:POLarity, INP:THR:LEVel
® *RST Condition: INP.THR:LEV = 1.875

® Send with VXIplug& play Function: hpeldXX_cmdReal64 Q(...)

Usage Toquery thethreshold level on the second channel at SCP position 4 send:

INP:THR:LEV? (@133) guery 2nd chan on SCP pos. 4
enter statement here

OUTPut:POLarity

OUTPut:POLarity <select>,(@<ch_list>) setsthe polarity on digita
output channelsin <ch_list>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
select discrete (string) NORMal | INVerted none
ch list string 100 - 163 none
Comments ® |f the channels specified do not support this function, an error will be
generated.
® Related Commands: INPut:POL arity, OUTPut:POL arity?
® *RST Condition: OUTP:POL NORM for all digital channels
® Send with VXIplug& play Function: hpeldXX_cmd(...)
Usage OUTP:POL INV,(@144) invert output logic sense on

channdl 44

OUTPut:POLarity?

OUTPut:POLarity? (@<channel>) returnsthe polarity onthedigital output
channel in <channel>.
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Parameters

Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® Channel must specify a single channel

® Returned Value: returns one of NORM or INV. The typeisstring.

® Send with VXIplug& play Function: hpeldXX_cmdString_Q(...)

[SENSe:]JFREQuency:APERture

[SENSe:]FREQuency:APERture <aperture>,<ch_list> setsthe time
allowed to determine signal frequency and return areading to the algorithm.
When APERture islarge enough to contain more than one signal period, the
SCP measures and averages the number of signal periodsthat will fit within
this APERture time. If the specified APERtureis lessthan the input signal
period, the SCP stretches the aperture in order to measure at |east one signal
period. Thisis known a Adaptive Aperture.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
aperture numeric (float32) .001 to 1 (.001 resolution) seconds
ch_list string 100 - 163 none
Comments ® For APERtureto effect the measurement, SENS:FREQ:M ODE must be

Usage SENS:FREQ:APER .01,(@144)

set to APERture.

® |f thechannel sspecified are on an SCPthat doesn't support thisfunction,
an error will be generated. See your SCP’'s User’'s Manual for its

capabilities.

® Related Commands: SENS:FREQ:MODE, SENS:FREQ:NPERIods,
SENS.:FREQ:LIM:LOWer, SENS:FUNC:FREQ

® *RST Condition:

® Send with VXIplug& play Function: hpeldXX_cmd(...)

set channel 44 apertureto

10msec
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[SENSe:]JFREQuency:APERture?

[SENSe:]JFREQuency:APERture? <channel> returnsthe currently set
APERturetime.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® |f the channel specified ison an SCP that doesn't support this function,
an error will be generated. See your SCP's User's Manual for its
capabilities.

* Related Commands. SENS:FREQ:APER

® Returned Value: returns numeric aperture in seconds, The typeis
float32.

® Send with VXIplug& play Function: hpeldXX_cmdReal64_Q(...)

SENSe:FREQuency:LIMit:LOWer

[SENSe:]JFREQuency:LIMit:LOWer <freq_limit>,<ch_list> allowsyouto
specify afrequency lower limit beyond which the E1538A will stop waiting
forasignal transitionand will return afrequency value of zero. Conceptually,
thisis an input signal period time-out.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
freq limit numeric (float32) .01667 to 250 Hz
ch_list string 100 - 163 none
Comments ® <ch_list> must be channels on an E1538A SCP.

Note Although SENS:FREQ:LIM:LOW can set a"timeout period" aslong as 60
seconds (.01667Hz), the lowest frequency measurement supported by the
E1538A is1 Hertz.

® The period associated with the FREQ:LIMit:LOWer frequency isthe
time the SCP will allow for any single cycle period.

At any time during the frequency measurement, if the signal’s period
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Note

exceedsthetime-out period (i.e. frequency below LIMit:LOWer), then
afrequency of 0 Hz will be returned to the E1415/19/22 algorithm.

® Typical use for thiscommand isto allow the user to bound the period
of timethat is allowed for making a frequency measurement, thus,
preventing the SCP from “hanging” during measurement.

In this case, typically, the LIMit:LOWer frequency would be the same
as, or slower than the frequency associated w/the APERture time.

® Anunusual (but valid) useisto set the LIMit:LOWer frequency to be
greater than the frequency associated with the APERture period, which
can provide a means to abort a frequency measurement if at any point
during the measurement, the input waveform frequency is slower than
the configured LIMit:LOWer frequency.

Thelower limit set by SENS:FREQ:LIM:LOW isfor asingle signal period,
not the sum of NPERiods. Unless at least one period of the input signal
exceeds the limit value set, then NPERiods will be measured and averaged
to return areading. For instance if;

SENS:FREQ:MODE NPERiods,<ch_list>
SENS:FREQ:NPERIods 255
SENS.FREQ:LIMit:LOWer 0.01667 ! 60 second period

INIT
Aslong asthe input signal frequency is dightly greater than the

LIMit:LOWer frequency, then the SCP will not time-out and will take 255 *
(~60sec) = ~255 minutes to take a single frequency measurement.

Alternatively, if even one of the input waveforms has a frequency that is
lower than the LIMit:LOWer frequency, then O Hz would be immediately
returned to the E1415/19/22 algorithm.

* Related Commands. SENS:FREQ:APER, SENS.FREQ:LOW?

® *RST Condition: is “MINimum” frequency (i.e. 0.01667 Hz [period
= 60sec])).

® Send with VXIplug& play Function: hpeldXX_cmd(...)
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SENSe:FREQuency:LIMit:LOWer?

[SENSe:]FREQuency:LIMit:LOWer? <channel> returns the lower
frequency limit currently set for <channel>

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must be a single channel on an E1538A SCP.

® Returned Value: .01667 to 250, The type isfloat32.

® Send with VXIplug& play Function: hpeldXX_cmdReal64_Q(...)

[SENSe:]FUNCtion:CONDition

[SENSe:]FUNCtion:CONDition <ch_list> setsthe SENSefunctiontoinput
thedigital statefor channelsin<ch_list>. See “Reading Static Digital State”

on page 14.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch_list string 100 - 163 none
Comments ® The E1538 SCP senses the single bit digital state on each channel

specified by this command.

® |f the channels specified are not on a digital SCP, an error will be
generated.

® Usethe INPut:POL arity command to set input logica sense.
® Related Commands: INPut:POL arity

* *RST Condition: SENS:FUNC:COND and INP:POL NORM for all
digital SCP channels.

® Send with VXl plug& play Function: hpeldXX_cmd(...)

Usage See “Reading Static Digital State” on page 14.

To set upper 4-bits of E1538 at SCP position 5 to digital inputs send:
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SENS:FUNC:COND (@144:147)

[SENSe:]JFUNCtion:FREQuency

[SENSe:]JFUNCtion:FREQuency <ch_list> sets the SENSe function to
frequency for channelsin <ch_list>. Also configures the channels specified
as digital inputs. See “About Period and Frequency Measurements” on
page 16.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch_list string 100 - 163 none
Comments ® |f the channel s specified are on an SCPthat doesn't support thisfunction,
an error will be generated. See your SCP's User's Manual for its
capabilities.
® Related commands:. SENS:FREQ:APER, SENS:FREQ:MODE
® *RST Condition: SENS:FUNC:COND and INP:POL NORM for all
digital SCP channels
® Send with VXIplug& play Function: hpeldXX_cmd(...)
Usage See “About Period and Frequency Measurements” on page 16.

SENS:FUNC:FREQ (@144)

[SENSe:]JFUNCtion:PERiod

[SENSe:]FUNCtion:PERiod (@<ch_list>) setsthe SENSe function to
period for channelsin <ch_list>. Also configures the channels specified as
digital inputs. See “About Period and Frequency Measurements” on

page 16.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch list string 100 - 163 none
Comments ® |f the channel sspecified areon an SCPthat doesn't support thisfunction,

an error will be generated. See your SCP's User's Manual for its
capabilities.

® Related commands: SENS:PER:APER, SENS:PER:NPER,
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SENS:PER:MODE

® *RST Condition: SENS:FUNC:COND and INP:POL NORM for all
digital SCP channels

® Send with VXl plug& play Function: hpeldXX_cmd(...)

Usage See “About Period and Frequency Measurements” on page 16.

SENS:FUNC:PER (@144)

[SENSe:]FUNCtion:PWIDth

[SENSe:]JFUNCtion:PWIDth <avg _count>,(@<ch_list>) configures
channels to measure the input signal pulse waité‘Measure Pulse Width”

on page 20.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
avg_count numeric (uint32) 1to 255 | MINimum | MAXimum seconds
ch_list string 100 - 163 none
Comments ® <ch_list> must be channels on an E1538A SCP.

® <avg_count> sets the number of pulses to average when forming the
pulse duration value. More counts give more accurate readings, but
slower response to changing pulse widths.

® *RST Condition: SENS:FUNC:COND and INP:POL NORM for all
digital SCP channels.

® Send with VXl plug& play Function: hpeldXX_cmd(...)

Usage See “Measure Pulse Width” on page 20.
SENS:FUNC:PWID 10,(@146,147)

channels 46& 47 meas pulse
width

[SENSe:]JFUNCtion:QUADrature

[SENSe:]JFUNCtion:QUADrature [<preset_count>,](@<ch_list>)

configures apair of E1538 channels to measure quadrature count. See
“Sense Quadrature Position” on page 21.
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Parameters

Par ameter Parameter Range of Default
Name Type Values Units
preset_count numeric (int32) 0to 16,777,215 none
ch_list string 100 - 163 none
Comments ® <count_preset> if included, allows presetting the absolute counter

associated with the channel pair. All quadrature pairsin <ch_list> will
be preset to the same value. If not included, the default count at

algorithm start will be zero.

® <ch_list> must always specify both channels of a pair. More than one
pair can be specified. Both channels of any pair must be adjacent.
<ch_list> can specify channels on more than one E1538. The channel
numbersin <ch_list> must be in ascending order. The related error

messages are:

3115, "Channels specified are not in ascending order."

3116, "Multiple channels specified are not grouped correctly.”
3117, "Grouped channels are not adjacent."
3122, "This multiple channel function must not span multiple SCPs."

® The algorithm reads the current count through the low numbered
channel. The count is an unsigned 24-bit value ranging from 0 to
16,777,215. The counter can roll over from 16,777,2215 to 0, and roll
under from 0 to 16,777,215is 16,777,215.

® *RST Condition: SENS:FUNC:COND and INP:POL NORM for all

® Send with VXl plug& play Function: hpeldXX_cmd(...)

digital SCP channels.

Usage See “Sense Quadrature Position” on page 21.
SENS:FUNC:QUAD 8192,(@142,143)

[SENSe:]FUNCtion:RVELocity

pair 42& 43 will return quad
count (on ch 142), count preset

to 8192

[SENSe:]FUNCtion:RVELocity <n_teeth><index_type>,(@<ch_list>)

configuresthefirst channel on E1538s to measure the rotational velocity of
atoothed wheel sensor. The E1538 measures tooth-to-tooth period and

convertsit into units of revolutions per second (RPS). See “Sense Rotational
Velocity” on page 22.
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Parameters

Par ameter Parameter Range of Default
Name Type Values Units
N_teeth numeric (int32) 3to 255 none
index_type string MISSing | EXTRa none
ch_list string 100 - 163 none
Comments ® This function can only be linked to the E1538's first channel. The

Note

Usage

function works for wheels that have either amissing, or an extratooth
tomark their index position. Figure 14 on page 23 showsawheel sensed
with avariable reluctance sensor (using the VRS input option), but any
wheel sensing method isapplicableaslong asit providesadigital output
to the RVEL channdl.

® The value read by the algorithm can range from —meleth RPSto —122;6?20
RPS.

® Aswell assensingrotational velocity, SENS:FUNC:RVEL providesthe
reference position to the SOUR:FUNC:RPUL sefunction that generates
angular positioned pulses. See page 30 for more information on
RPULse.

® <n_teeth> isthe number of teeth that the wheel would have if it didn't
have missing or extrateeth. For example, wewould set <n_teeth>to 12
for the wheel shown in Figure 14 on page 23, even though with the
missing tooth, there are only 11.

® <index_type> can be either of the strings"MISSing", or "EXTRa"

® <ch_list> must be thefirst channel on the SCP, but can contain more
than one channd provided that each channel ison aseparate E1538. See
following note. The related Error Messages are:
3110, "Channel specified isinvalid for RV EL ocity function.

Only one channel on any E1538 SCP can be assigned to the
SENS:FUNC:RVEL function, and it must be the first channel on the SCP.

® *RST Condition: SENS:FUNC:COND and INP:POL NORM for all
digital SCP channels.

® Send with VXl plug& play Function: hpeldXX_cmd(...)

See “Sense Rotational Velocity” on page 22.
SENSE:FUNC:RVEL 12,MISSING,(@140)

12 toothed wheel with one
missing, from channel 40
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SENSe:]FUNCtion:TOTalize

[SENSe:]JFUNCtion:TOTalize <ch_list> setsthe SENSe function to
TOTdizefor channelsin<ch_list>. See “Totalize Positive or Negative Edge

State Changes” on page 15.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch list string 100 - 163 none
Comments ® The totalize function counts rising edges of digital transitions at

Freguency/Totalize SCP channéls. The counter is 24 bitswide and can

count up to 16,777,215.

® The SENS.TOT:RESET:MODE command controls which events will

reset the counter.

® |f the channels specified are not on a Frequency/Totalize SCP, an error

will be generated.

* Related Commands: SENS: TOT:RESET:MODE,
INPUT:POLARITY

® *RST Condition: SENS:FUNC:COND and INP:POL NORM for all

digital SCP channels.

® Send with VXIplug& play Function: hpeldXX_cmd(...)

Usage See “Totalize Positive or Negative Edge State Changes” on page 15.

SENS:FUNC:TOT (@134)

channel 34 isatotalizer
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[SENSe:]PERiod: APERture

[SENSe:]PERiod:APERture <aperture>,<ch_list> setsthetimeallowedto
determine signal period and return areading to the algorithm. When
APERtureislarge enough to contain more than one signal period, the SCP
measures and averages the number of signal periodsthat will fit within this
APERturetime. If thespecified APERtureislessthantheinput signal period,
the SCP stretches the aperture in order to measure at least one signal period.
Thisis known a Adaptive Aperture.

Parameters

Parameter
Name

Parameter Range of Default
Type Values Units

aperture

numeric (float32) see text seconds

ch_list

string 100 - 163 none

Comments

Usage SE

® The range for <aperture> is dependent on SENS:PER:RANGE:

-- When SENS:PER:RANGE is 1, <aperture> can range from .001 to
1 second.

-- When SENS:PER:RANGE is 4, <aperture> can range froom .004 to
4 seconds.

* For APERture to effect the measurement, SENS:PER:MODE must be
set to APERture.

® |f the channelsspecified areon an SCPthat doesn't support thisfunction,
an error will be generated. See your SCP's User’'s Manual for its
capabilities.

* Related Commands: SENS:PER:MODE, SENS:PER:NPERiods,
SENS:PER:LIM:UPPer, SENS:PER:RANGE, SENS:FUNC:PER

® *RST Condition: .001 sec

® Send with VXIplug& play Function: hpel4XX_cmd(...)

NS:PER:APER .01,(@144) set channel 44 apertureto
10msec
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[SENSe:]PERiod:APERture?

[SENSe:]PERiod:APERture? <channel> returnsthe currently set
APERturetime.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® |f the channel specified ison an SCP that doesn't support this function,
an error will be generated. See your SCP's User's Manual for its
capabilities.

® Related Commands; SENS:PER:APER

® Returned Value: returns numeric aperture in seconds, The typeis
float32.

® Send with VXIplug& play Function: hpeldXX_cmdReal64_Q(...)

SENSe:PERIod:LIMit:UPPer

[SENSe:]PERiod:LIMit:UPPer <per_limit>,<ch_list> allowsyou to
specify aperiod upper limit beyond which the E1538A will stop waiting for
asignal transition and will return a period value of zero. Conceptually, this
isan input signal period time-out.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
per_limit numeric (float32) .004 to 60 Sec
ch list string 100 - 163 none
Comments ® <ch_list> must be channels on an E1538A SCP.

Note Although SENS:PER:LIM:UPP can set a"timeout period" aslong as 60
seconds, the longest supported periods are 1 second or 4 seconds depending
on the setting of SENSe:PERiod:RANGe.

® ...LIMit:UPPer period isthe maximum timethe SCP will allow for any
cycle period.

At any time during the period measurement, if the cycle period exceeds
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the LIMit:UPPer period, then a period of 0 sec will be returned to the
E1415/19/22 agorithm.

(Note: A period value of 0 sec is used as a specid token that must be
tested for in the user’s provided E1415/19/22 algorithm.)

® Typical use for this command isto allow the user to bound the period
of time that is allowed for making a period measurement, thus,
preventing the SCP from “hanging” during measurement. In this case,
typically, the upper period limit would be the same as, or longer than
the APERture time.

® Anunusual (but valid) useisto set the LIMit:UPPer period to be less
than the APERture period, which can provide ameansto abort a period
measurement if at any point during the measurement, the input
waveform period islonger than the configured LIMit:UPPer.

Note The upper limit set by SENS:PER:LIM:UPPer isfor asingle signal period,
not the sum of NPERiods. Unless at least one period of the input signal
exceeds the limit value set, then NPERiods will be measured and averaged
to return areading. For instance if;

SENS:PER:MODE NPERiods,<ch_list>
SENS:PER:NPERiods 255
SENS:PER:LIMit:UPPer 60

INIT
When the input waveform period is slightly less than the upper period limit,

then the SCP will not time-out and will take
255 * (~60sec) = ~255 minutes to take a single period measurement.

Alternatively, if even one of the input waveforms has a period that exceeds
the LIMit:UPPer period, then 0 sec would be immediately returned to the
E1415/19/22 agorithm.

® *RST Condition: is “MAXimum” (i.e. 60.0sec).

¢ Send with VXIplug& play Function: hpeldXX_cmd(...)
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[SENSe:]PERiod:LIMit:UPPer?

[SENSe:]PERiod:LIMit:UPPer? <channel> returnsthe upper period limit
currently set for <channel>

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must be a single channel on an E1538A SCP.

®* RETURNS: .004 to 60, Typeisfloat32.

SENSe:PERiod:MODE

SENSe:PERiod:MODE <mode>,(@<ch_list>) selectsthe measurement
interval mode the SCP will use to measure the signal period. Thiscan
be set as a fixed amount of time (APERture), or afixed number of
signal periods (NPERiods).

Parameters
Parameter Parameter Range of Default
Name Type Values Units
mode discrete (string) APERture | NPERIiods none
ch_list string 100 - 163 none

Comments ® The SENS:PER:APERture command sets the aperture value. The
SENS:PER:NPERiods command sets the nperiods value.

® <ch_list> must be channels on E1538A SCPs.

®* Related Commands; SENS:PER:APERture, SENS:PER:NPERIiods,
SENS:FUNC:PER, SENS:PER:LIM:UPPer

® *RST Condition: is “APERture”.

¢ Send with VXIplug& play Function: hpeldXX_cmd(...)
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SENSe:PERiod:MODE?

SENSe:PERiod:MODE? (@<channel>) returns the measurement
interval mode currently set for period measurement.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must be a single channel on an E1538A SCP.

®* RETURNS: String value "APER" or "NPER", Typeis String

® Send with VXIplug& play Function: hpeldXX_cmdString_Q(...)

SENSe:PERiod:NPERiods

SENSe:PERiod:NPERiods <count>,(@<ch_list>) sets the number of
signal periods to measure and average in order to compute the input

signal period.
Parameters
Par ameter Parameter Range of Default
Name Type Values Units
count numeric (uint32) 1to 255 | MINimum | MAXimum seconds
ch_list string 100 - 163 none
Comments ® <ch_list> must be channels on an E1538A SCP.

® Thisfeatureisonly availablewhen the NPERIiods period modeisin use:
SENSe:PERiod:MODE NPERIods,<ch_list>

* Related Commands. SENSe:PERiod:MODE
® RESET Condition: is “MINimum” (i.e. 1).

® Send with VXIplug& play Function: hpeldXX_cmd(...)
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SENSe:PERiod:NPERiods?

SENSe:PERiod:NPERiods? (@<channel>) returns the number of
signal periodsthe SCPwill measureand averageto calculatethesignal

period.
Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must be single channel on an E1538A SCP.

®* RETURNS: uint32 value which isthe current period count
configured.

®* Related Commands: SENSe:PERiod:NPERiods
® *RST condition: SENSe:PERiod:NPERiods =1

® Send with VXIplug& play Function: hpeldXX_cmdint32_QX(...)

[SENSe:]PERiod:RANGe[:UPPer]

[SENSe:]PERiod:RANGe[:UPPer] <range>,<ch_list> can extend the
range of period measurement from the default 1 second maximumto a4
second maximum.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
range numeric (float32) 14| MAXimum | MINimum Sec
ch list string 100 - 163 none
Comments ® <ch_list> must be channels on an E1538A SCP.

® Range 1.0 sec provides period measurement in the range:
10usec - 1sec

Range 4.0 sec provides period measurement in the range:
40usec - 4sec

* MINimum = 1.0, MAXimum = 4.0

Note 1538As have a possible settings conflict:
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If SENSe:PERiod:RANGe = 1.0
then settings conflict if 1.0sec < APERture < 4.0sec.
If SENSe:PERiod:RANGe = 4.0
then settings conflict if 0.01sec <= APERture < 0.04sec

The E1415/19/22 driver will report these Settings Conflicts at INITiate
time with the following error message:
3129, Incompatible Aperture and Range values,SCP[X]

®* Related Commands: SENSe:PERiod:NPERiods
* *RST Condition: is 1

¢ Send with VXIplug& play Function: hpeldXX_cmd(...)

[SENSe:]PERiod:RANGe[:UPPer]?

[SENSe:]PERiod:RANGe[:UPPer]? <channel> returnsthecurrent setting
of upper period limit.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must be single channel on an E1538A SCP.

®* RETURNS: float32, configured upper period time range for given ch.
Response is in seconds. Returned value either 1 or 4

® Send with VXIplug& play Function: hpel4dXX_cmdRea 64 Q(...)

[SENSe:]TOTalize:RESet:MODE

[SENSe:]TOTalize:RESet:MODE <select>,<ch_list> sets the mode for
resetting totalizer channelsin <ch_list>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
select discrete (string) INIT | TRIGger seconds
ch_list string 100 - 163 none
Comments ® Inthe INIT mode the total isreset only when the INITiate command is

executed. Inthe TRIGger mode thetotal isreset every time anew scan
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istriggered.

® |f the channels specified are not on a Frequency/Totalize SCP, an error
will be generated.

* Related Commands: SENS:FUNC:TOT, INPUT:POLARITY
® *RST Condition: SENS:TOT:RESET:MODE INIT

® Send with VXIplug& play Function: hpeldXX_cmd(...)

Usage SENS:TOT:RESET:MODE TRIG,(@134) totalizer at channel 34 resets at
each trigger event

[SENSe:]TOTalize:RESet: MODE?

[SENSe:]TOTalize:RESet:MODE? <channel> returns the reset mode for
the totalizer channel in <channel>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® Channel must specify a single channel.

® |f the channel specified isnot on afrequency/totalize SCP, an error will
be generated.

® Returned Value: returns INIT or TRIG. The typeisstring.

® Send with VXl plug& play Function: hpeldXX_cmdString_Q(...)

SOURce:FM[:STATe]

SOURce:FM[:STATe] <enable>,(@<ch_list>) enables the Frequency
Modulated mode for a PUL Se channel.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
enable boolean (uint16) 1|0|ON | OFF none
ch_list string 100 - 163 none

Comments ® Thiscommand is coupled with the SOURce:PULM:STATE command.
If the FM stateis ON then the PULM state is OFF. If the PULM state
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is ON then the FM state is OFF. If both the FM and the PULM states
are OFF then the PUL Se channel isin the single pulse mode.

® |f the channels specified are not on a Frequency/Totalize SCP, an error
will be generated.

® Use SOURce:FUNCtion[:SHAPe]:SQUareto set FM pulsetrainto 50%
duty cycle. Use SOURce:PUL Se:PERiod to set the period

® *RST Condition: SOUR:FM:STATE OFF, SOUR:PULM:STATE
OFF, SENS:FUNC:COND and INP:POL for all digital SCP channels

® Related Commands: SOUR:PULM[:STATe], SOUR:PUL S:POL arity,
SOUR:PUL S:PERiod, SOUR:FUNC[:SHAPe]:SQUare

® Send with VXIplug& play Function: hpeldXX_cmd(...)

Usage Thevariablefrequency control for thischannel isprovided by the algorithm
language. When the algorithm executes an assignment statement to this
channel, the value assigned will be the frequency setting. For example:

0143 = 2000 /* set channel 43 to 2KHz */

SOURce:FM:STATe?

SOURce:FM:STATe? (@<channel>) returns the frequency modulated

mode state for a PUL Se channel.
Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® Channel must specify a single channel.

® |f thechannel specifiedisnot onaFrequency/Totalize SCP, an error will
be generated.

® Returned Value: returns 1 (ON) or 0 (OFF). Thetypeisuint16.

® Send with VXIplug& play Function: hpeldXX_cmdintl6 Q(...)
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SOURce:FUNCtion:RPULse

SOURce:FUNCtion:RPULse (@<ref_channel>),(@<ch_list>) links
channelsin <ch_list> to the rotational pulse function. The channel in
<ref_channel>will belinked to the SENS:FUNC:RVEL functionto provide
the rotational reference information to SOUR:FUNC:RPUL.

Parameters

Parameter
Name

Parameter Range of Default
Type Values Units

ref_channel

string 100, 108, 116, 124, 132, 140, 148, 156 none

ch_list

string 100 - 163 none

Comments

® <ref channel> must be a single channel and must be the first channel

on the SCP. The channel specified in <ref _channe> must be linked to
the SENS:FUNC:RVEL functionbeforetheNIT commandisreceived.
See page 22 for more on RVEL. The related error messages are:

3111, "multiple channels are specified in reference channel list."
3112, "Channel specified isinvalid for RPUL se reference channel .”
3119, "RPUL sereference channel must be defined asRVEL ocity type.”

® Channelsin <ch_list> must be higher numbered and on the same SCP

as the channel specified in <ref_channel>. Therelated error messages
are:

3113, "Channel specified is not in same SCP as reference channel."
3114, "First channel in SCP can not be used in RPUL se output channel
list."

3118, "Incomplete setup information for RPUL se function. "

Notes 1. There must be one (and only one) channel on the same SCP that is set

to SENSe:FUNCtion:RVEL ocity. This sense channel provides the
rotational velocity and index reference that the SCP uses to position
the output pulses at a desired rotational angle. Thisisthe
<ref_channel> seen above.

The lower velocity limit for RPUL se is 108 teeth per Second (TPS)
for extra-tooth wheels, and 384TPS for missing-tooth wheels. For
example, a 60 tooth wheel would need to rotate at a minimum of
108RPM if it had an extratooth, but at 384RPM minimum with a
missing tooth.

Long duration pulses that begin and end within a wheel’s missing
tooth area can exhibit significant jitter. Use an extra tooth wheel for
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these applications. See Figure 30 .

Figure 30. For Long Pulses Use Extra Tooth Wheel

® Send with VXl plug& play Function: hpeldXX_cmd(...)

Usage SENSE:FUNC:RPULSE (@108),(@114,115)reference chan is 108, pulse
output on channels 114 and 115

SOURce:FUNCtion[:SHAPe]:CONDition

SOURce:FUNCtion[:SHAPe]:CONDition (@<ch_list>) sets the SOURce
function to output digital patternsto bitsin <ch_list>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch list string 100 - 163 none

Comments ® The E1533 SCP sources 8 digital bits on the channel specified by this
command. The E1534 SCP can source 1 digital bit on each of the the
channels specified by this command.

® Send with VXIplug& play Function: hpeldXX_cmd(...)

SOURce:FUNCtion[:SHAPe]:PULSe

SOURce:FUNCtion[:SHAPe]:PULSe (@<ch_list>) setsthe SOURce
function to PUL Se for the channelsin <ch_list>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch list string 100 - 163 none

Comments ® This PULSe channel function is further defined by the
SOURce:FM:STATeand SOURce:PULM:STATecommands. If theFM
state is enabled then the frequency modulated mode is active. If the
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PULM state is enabled then the pul se width modulated modeis active.
If both the FM and the PULM states are disabled then the PUL Se
channel isin the single pulse mode.

® Send with VXl plug& play Function: hpeldXX_cmd(...)

SOURce:FUNCtion[:SHAPe]:SQUare

SOURce:FUNCtion[:SHAPe]:SQUare (@<ch_list>) setsthe SOURce
function to output a square wave (50% duty cycle) on the channelsin

<ch_list>.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
ch_list string 100 - 163 none

Comments ® Send with VXIplug& play Function: hpeldXX_cmd(...)

Usage Thefrequency control for these channelsis provided by the algorithm
language function:.

0143 = 2000 /* set channel 43 to 2KHz */

SOURce:FUNCtion:STEPper

SOURce:FUNCtion:STEPper <preset_pos><mode>,<max_vel><min
_vel>,(@<ch_list>) controls stepper motors. The E1538 can operate 2 or 4
phase motorsin full, and half step mode. Position values are sent from the
agorithm to the first channel of a2 or 4 channel "motor group". The
agorithm reads the current position from the second channel of the group.
See “Stepper Motor Control” on page 37.

Parameters

Parameter Parameter Range of Default

Name Type Values Units

preset_pos discrete (string) see text none

mode see text none

max_vel none

min_vel none

ch list string 100 - 163 none

Comments ® <preset_pos> definesthe position count at algorithm start-up. Thisisan

unsigned 16-bit integer and can range from 0 to 65,535 for full speed
modes ("SF"), or 0to 32,767 for half speed modes ("SH").
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® <mode> is used to select the stepping mode. the allowable values are:

Table 3. Stepping <mode> values

<mode> string Stepping Mode Speed Channel
MFSFC2 Full Full 2
MFSFC4 Full Full 4
MFSHC?2 Full Half 2
MFSHC4 Full Half 4
MHSFC?2 Half Full 4

Related error message: 3127, "Undefined E1538 Stepper motor mode."

® Therangeof positionvaluesthat an algorithm can send for thefull-speed
("SF") modeis 0 to 65,535.

® The range of position values that an algorithm can send for the
half-speed ("SH") modeis 0 to 32,767.

® <min_vel> isspecified in steps per second and isthe beginning step rate
at the start of the 14 or 38 step ramp-up to <max_vel>. The<min_vel>
should beastep rate that the motor can achieve from astandstill without
missing astep. <min_vel> can range from 128 to 40,000 (64 to 40,000
for half speed "SH" modes).

® <max_vel>isspecifiedin stepsper second and isthe maximum step rate
that will be sent to the motor after ramp-up is complete. <max_vel> can
range from 128 to 40,000 (64 to 40,000 for half speed "SH" modes).

® Theincreasein step ratefrom <min_vel>to <max_vel>will occurin 14
steps for a 2-Channel configuration, and will occur in 38 stepsfor a
4-channel configuration. Figure 25 shows the relationship between
these parameters. A related error message: 3120, "Minimum velocity
parameter must not exceed maximum velocity parameter.”

. Velocity Profile

<max_vel> steps/second ———# ———-—-—-

<min_vel> steps/second ———» -~

standstill ———» :

14 step ramp-up/down 4~ - |
for 2 Channels —> ~-«——— 38 step ramp-up/down
for 4 Channels

Figure 31. Relationship of min_vel, and max_vel

® Four-phase stepper motors that require less than 100mA phase current
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can be directly driven by the SCP. See Figure 29 for a connection
diagram that also shows the required user-supplied output protection
components.

® <ch_list> specifies the channe s that will control stepper motors. The
channel sreferenced can be on more than one E1538. The channelsmust
be in ascending order. Based on the <mode> parameter, the channels
will be arranged into adjacent groups of 2 ("...C2"), or 4 ("...C4")
channels. These groups can not be split across SCPs.

The algorithm can send new position values to the first channel in a
motor-group. The algorithm will read the current position value from
the second channel in the motor-group. Related error messages:
3115, "Channels specified are not in ascending order."

3116, "Multiple channels specified are not grouped correctly.”

3117, "Grouped channels are not adjacent.”

® Send with VXl plug& play Function: hpeldXX_cmd(...)

Usage See “Stepper Motor Control” on page 37.

preset count to O, full step, half speed, 4 channel, min speed 64s/s,
max speed 2569/s (in half speed mode, actual speed=half specified speed)

SOUR:FUNC:STEP 0,MFSFC4,128,512,(@144:147)

SOURce:PULM[:STATe]

1S

OURce:PULM[:STATe] <enable>,(@<ch_list>) enable the pulse width

modulated mode for the PUL Se channelsin <ch_list>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
enable boolean (uint16) 1|0|ON | OFF none
ch_list string 100 - 163 none
Comments ® This command is coupled with the SOURce:FM command. If the FM

state is enabled then the PULM stateis disabled. If the PULM stateis
enabled then the FM state is disabled. If both the FM and the PULM
states are disabled then the PUL Se channel isin the single pulse mode.

® |f the channels specified are not on a Frequency/Totalize SCP, an error
will be generated.

* *RST Condition: SOUR:PULM:STATE OFF

® Send with VXIplug& play Function: hpeldXX_cmd(...)
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SOURce:PULM:STATe?

SOURce:PULM[:STATe]? (@<channel>) returns the pulse width
modul ated mode state for the PUL Se channel in <channel>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none

Comments Channel must specify asingle channel.
® Returned Value: returns 1 (on) or 0 (off). The typeisint16.

® Send with VXIplug& play Function: hpeldXX_cmdint32_Q(...)

SOURce:PULSe:PERIod

SOURce:PULSe:PERiod <period>,(@<ch_list>) sets the fixed pulse
period value on a pulse width modulated pulse channel. This setsthe
frequency (1/period) of the pulse-width-modulated pulse train.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
period numeric (float32) 25E-6to 7.8125E-3 seconds
(resolution 0.238p1sec)
ch list string 100 - 163 none
Comments ® |f the channels specified are not on a Frequency/Totalize SCP, an error

will be generated.

* *RST Condition: SOUR:FM:STATE OFF and SOUR:PULM:STATE
OFF

® Related Commands: SOUR:PULM:STATE, SOUR:PULS:POL arity

® The variable pulse-width control for this channel is provided by the
agorithm language. When the algorithm executes an assignment
statement to this channel, the value assigned will be the pulse-width
setting. For example:

0140 = .0025 /* set channel 43 pulse-width to 2.5 msec */

® Send with VXIplug& play Function: hpeldXX_cmd(...)
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Usage SOUR:PULS:PER .005,(@140) set PWM pulsetrain to 200 Hz
on channel 40

SOURce:PULSe:PERiod?

SOURce:PULSe:PERiod? (@<channel>) returns the fixed pulse period
value on the pulse width modulated pulse channel in <channel>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® |f the channels specified are not on a Frequency/Totalize SCP, an error

will be generated.
® Returned Value: numeric period. The typeisfloat32.

® Send with VXIplug& play Function: hpeldXX_cmdReal64 Q(...)

SOURce:PULSe:WIDTh

SOURce:PULSe:WIDTh <pulse_width>,(@<ch_list>) setsthefixed pulse
width value on the frequency modulated pulse channelsin <ch_list>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
pulse width numeric (float32) 7.87E-6to 7.8125E-3 seconds
(238.4E-9 resol ution)
ch list string 100 - 163 none
Comments ® |f the channels specified are not on a Frequency/Totalize SCP, an error

will be generated.

* *RST Condition: SOUR:FM:STATE OFF and SOUR:PULM:STATE
OFF

® Related Commands: SOUR:PULM:STATE, SOUR:PUL S:POL arity

® The variable frequency control for this channel is provided by the
agorithm language. When the algorithm executes an assignment
statement to this channel, the value assigned will be the frequency
setting. For example:

0143 = 2000 /* set channel 43 to 2KHz */
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® Send with VXIplug& play Function: hpeldXX_cmd(...)

Usage SOUR:PULS:WIDTH 2.50E-3,(@143) set fixed pulse width of 2.5 msec
on channel 43

SOURce:PULSe:WIDTh?

SOURce:PULSe:WIDTh? (@<ch_list>) returnsthefixed pulsewidth value
on afrequency modulated pulse channel.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® Channel must specify a single channel.

® |f the channels specified are not on a Frequency/Totalize SCP, an error
will be generated.

® Returned Value: returnsthe numeric pulse width. The typeis float32.

® Send with VXIplug& play Function: hpeldXX_cmdReal64_Q(...)

SOURce:RPULse:POSition[:ANGLe]

SOURce:RPULse:POSition[:ANGLe] <degrees>,(@<ch_list>) setsthe
angular position of therotational output pulse beforethe INIT command that
startsalgorithm execution. With the pul se position thusfixed, the pulsewidth
(inangle or time depending on how SOUR:RPUL:VARTYypeis set) will be
controlled by the algorithm.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
degrees numeric (int32) -33,554,430 to 33,554,430 degrees
ch list string 100 - 163 none

Comments ® Channelsin <ch_list> must be referenced in a SOUR:FUNC:RPUL
command before the next INIT command. Related error messages:
3113, "Channel specified is not in same SCP as reference channel.”
3114, "First channel in SCP can not be used in RPUL se output channel
list."

® <degrees> has aresolution of 1 degree. The pulse is positioned at
<degrees> modul o 360.
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Usage SOUR:RPULSE:POS:ANGL 20,(@145)

SOURce:RPULse:POSitio

n[:ANGLe]?

preset channel 45 pulse position
to 20 degrees

SOURce:RPULse:POSition[:ANGLe]? (@<channel>) returnstheangular

position set for <channel>,

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must specify a single channel only

Usage SOUR:RPULSE:POS:ANGL? (@145)

SOUR:RPULse:VARType

return pulse pos set for channel

45

SOUR:RPULse:VARType <type>(@<ch_list>) specifiesthetypeof value
that will be controlled (varied) by the algorithm. Depending on how the
RPUL se system is set up, the varied property can be either pulse position, or

pulse width.
Parameters
Par ameter Parameter Range of Default
Name Type Values Units
type discrete (string) TIME | ANGLe seconds
ch list string 100 - 163 none
Comments ® <type> specifies the that the algorithm will send values of either:

Usage SOUR:RPULSE:VART ANGL,(@145:147)

ANGLe (in degrees) to the channel (s).

or

TIME (in seconds) to the channel(s).

® <ch_list> specifies the SOUR:FUNC:RPUL channel(s) that will be
controlled (varied) by the algorithm. Channelsin <ch_list> must be
referenced in a SOUR:FUNC:RPUL command before the next INIT
command. Related error messages:
3113, "Channel specified is not in same SCP as reference channel."
3114, "First channel in SCP can not be used in RPUL se output channel

list."

algorithmwill control pulse
width by ANGLE

Agilent E1538A Enhanced Frequency/Totalize/PWM SCP 73




SOUR:RPULSE:VART TIME,(@143:144)  algorithmwill control pulse
width by TIME

SOUR:RPULse:VARType?

SOUR:RPULse:VARType? (@<channel>) returns the type of value that
will be controlled (varied) by the algorithm.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <ch_list> must specify asingle channel only
® Returnsthe string "TIME" | "ANGL"
Usage SOUR:RPULSE:VART? (@145) returns the setting for chan 45

SOURce:RPULse:WIDTh[:ANGLe]

SOURce:RPULse:WIDTh[:ANGLe] <degrees>,(@<ch_list>) setsthe
width of the rotational output pulse before the INIT command that starts
algorithm execution. With the pulse width thus fixed, the pulse position (in
angle or time depending on how SOUR:RPUL:VARTYypeis set) will be
controlled by the algorithm.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
degrees numeric (uint32) 0to 360 degrees
ch_list string 100 - 163 none

Comments ® Channelsin <ch_list> must be referenced in a SOUR:FUNC:RPUL
command before the next INIT command. Related error messages:
3113, "Channel specified is not in same SCP as reference channel."
3114, "First channel in SCP can not be used in RPUL se output channel
list."

® <degrees> has aresolution of 1 degree.
® Sincethepulsewidthisspecifiedin angle, changesinrotational velocity

will not change the angular proportoin of the pulse. Of course, changes
in rotational velocity do effect the pulse width as regardstime.

Usage SOUR:RPULSE:WIDT:ANGL 260,(@147) preset channel 47 pulsewidth to
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260 degrees

SOURce:RPULse:WIDTh[:ANGLe]?

SOURce:RPULse:WIDTh[:ANGLe]? (@<channel>) returns the width of
the rotational output pulse currently set for <channel>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must specify a single channel only.

Usage SOUR:RPULSE:WIDT:ANGL? (@147) return pulsewidthfor channel 47

SOURce:RPULse:WIDTh:TIME

SOURce:RPULse:WIDTh:TIME <seconds>,(@<ch_list>) sets the width
of therotational output pulse beforethe INIT command that starts algorithm
execution. With the pulse width thus fixed, the pulse position (in angle or
time depending on how SOUR:RPUL:VARTYype s set) will be controlled

by the algorithm.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
seconds numeric (int32) .00000787 to .015624 seconds
ch_list string 100 - 163 none

Comments ® Channelsin <ch_list> must be referenced in a SOUR:FUNC:RPUL
command before the next INIT command. Related error messages:
3113, "Channel specified is not in same SCP as reference channel."
3114, "First channel in SCP can not be used in RPUL se output channel
list."

® <seconds> specifiespulsewidthin seconds, with aresolution of 238.4nS

® Since the pulse width is specified in seconds, changesin rotational
velocity will not change the time proportion of the pulse. Of course,
changesin rotational velocity do effect the angular proportion of the
pulse.

Usage SOUR:RPULSE:WIDT:TIME .0040,(@147) preset channel 47 pulsewidth to
4 mSec
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SOURce:RPULse:WIDTh:TIME?

SOURce:RPULse:WIDTh:TIME? (@<channel>) returns the width of the
rotational output pulse currently set for <channel>.

Parameters
Par ameter Parameter Range of Default
Name Type Values Units
channel string 100 - 163 none
Comments ® <channel> must specify a single channel only.
Usage SOUR:RPULSE:WIDT:TIME? (@147) return the pulse width set for

channgl 47
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Specifications

These specifications for the E1538A reflect its performance while installed

on your VXI module.

General Specifications

Output Characteristics

Characteristic Pull-Up Off Pull-Up On (10K to Vcc)
current source (logic 1) 0 38mA @ 1.2V
current sink (logic 0) 100 mA 100 mA
Voltage (logic 1) 0 5V (no load)

Voltage (logic 0)

0.5 Max sinking 100mA
0.1 Max sinking 20mA

0.5 Max sinking 100mA
0.1 Max sinking 20mA

Input Characteristics Characteristic

Pull-Up Off

Pull-Up On (10K to Vcc)

(VRS OFF for Chs0&1) Equivalent circuit

Maximum input low

Minimum input high

120K conn. to 0 Volts

programmable from
-46 to 46 Volts (+0.5V)

9.2KQ conn. to 4.6 Volts

programmable from
-46 to 46 Volts (+0.5V)

Input Isolation

No Isolation Provided

Cross-Talk Between Channels
other channels as follows:

Sine-wave interfering signal up to 70Vpp

A large signal on one channel has an effect on the accuracy of frequency measured on

No degradation of specification

Square-wave Interfering signal <63Vpp

No degradation of specification

Square-wave Interfering signal >63Vpp to

70Vpp

Minimum input amplitude changes from 15mV
to 18mV for frequency range of 1Hz to 10Khz
(see Input Signal Characteristics spec.)

Maximum voltage applied to any
input terminal

-48 Volts to 48 Volts

Maximum voltage applied to any
output terminal

0 - 48 Volts (outputs are diode clamped at -0.3V)
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Totalizer Capacity
Minimum Pulse Width

Frequency Range

24 bits or 16,777,215
500nS

0-100 KHz

Frequency Measurement Gate Time ( taperture )

Range

Accuracy

Resolution (Hz)

Minimum Pulse Width

1 mSec to 1 Second, resolution fl
in

1

aperture

to 100, 000

.01%

f

input

x 4.194MHz

t

aperture

500 nS

Period Measurement Gate Time ( taperture )

Range (SENS:PER:RANGE=1)

(SENS:PER:RANGE=4)

40 pSec to 4 Second

10pSec to tyneryre (1 S€C MaX)

40pSec 10 e 1yre (4 SEC MaX)

Accuracy .01%
Resolution .2384uSec
Minimum Pulse Width 500 nSec
Time-out Mechanism Programmable 4mSec to 60Sec
(SENS:FREQ:LIM:LOW & SENS:PER:LIM:UPP)
Aperture Time The aperture time is the time allowed to average multiple period and frequency measurements
Function Aperture Range
Frequency 1mSecto 1 Sec
Period (2 ranges) 1mSec to 1 Sec (SENS:PER:RANGE 1)

4mSec to 4 Sec (SENS:PER:RANGE 4)
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Auto-Gating (adaptive aperture)

1mSec to 1Sec for Frequency
1mSec to 1Sec for Perid (using SENS:PER:RANGE 1)
4mSec to 4Sec for Perid (using SENS:PER:RANGE 4)

Rotational Velocity Measure

Characteristics Extra Tooth Wheel or Missing Tooth Wheel
) 1 to 100, 000
Range in RPS Nieeth Nteeth
Accuracy .01%

2
(nteeth x f)

Resolution in RPS where f is nyoq, Per second

4.194MHz
Minimum Pulse Width 500 nS
Pulse Width Measure Periods Averaged 1to 255
Range 5uStols
Accuracy +(250nS+0.1%)
Resolution 59.6 nSec
Frequency Source Range 64 Hz to 40 KHz Square Wave
128 Hz to 40 KHz other shapes
Accuracy 0.01%
Resolution f 2
out
4.194MHz
Pulse Source Range 7.87 psec to 1/f-7.87 msec continuous pulse
7.87 usec to 7.812 msec single pulse per trigger
Accuracy 0.01%
Resolution 238.4 nsec
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Rotational Pulse Source Characteristics

Extra Tooth Wheel Missing Tooth Wheel

Position angle range
Position resolution

Position width range
(angle)

Pulse width resolution
(angle)

Pulse width range
(time)

Pulse width resolution
(time)

Minimum Rot. velocity

-33.554.430 to 33,554.430
1 degree up to 10,0000 RPS
0 to 360 degrees

tooth —to —toothangle or 360 x 238.4nSec
128 RotPeriod

the larger of

0 to Rotational Period (see note 3 on page 65)

238.4nS

108 teeth per second 384 teeth per second
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