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INTRODUCTION
Monolithic Data Converters

This handbook describes the comprehensive Ferranti range of monolithic 1.C. data
converters, which offer cost-effective solutions to a wide variety of data conversion
problems.

This range, which is constantly being improved and extended, currently offers a
choice of 40 different versions, including low-cost converters, microprocessor
compatible A to D and D to A converters, dual slope DVM logic subsystems and a
single channel CODEC.

The introductory section of this handbook is intended as a guide to the fundamental
principles of data conversion and as an aid to understanding the terms used in
converter specifications, which will enable the user to choose the most appropriate
device for a particular application. The second section contains product data on the
full range of Ferranti data conversion |.Cs.



DIGITAL TO ANALOGUE CONVERTERS

A Digital to Analogue converter (DAC) is a device which converts a digital
data input into a corresponding analogue output. This output usually takes the
form of a voltage or current.

1.1 Ideal Output Characteristics

If a unipolar voltage output and normal binary input coding are
assumed, then the ideal transfer function of a linear DAC may be
written as:
Vout = Ves (B1.21+ By.22 4 B3.23 4 ..... +B,.2™")

where B, is the most significant bit input (MSB) and B, is the least
significant bit input (LSB). Bits 1 to n can each assume a value of "1’ or
‘0". The number of bit inputs a DAC possesses is known as the
RESOLUTION of the converter.

The smallest increment of output voltage is that contributed by the
LSB and is equal to Vgs.2™".

The terms ‘MSB’, ‘LSB’ etc., are frequently used interchangeably to
describe either the digital input or the corresponding analogue output.

The maximum output from a DAC is known as full-scale output (Veso).

n —
It occurs when all inputs are ‘1’ and is equal to Vgg ((22—,,1)) For

example the maximum output of a 3-bit DAC is § Vs.

The transfer function graph of an ideal 3-bit DAC is shown in figure 1.
For each of the 8 input codes there exists a discrete analogue output
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Fig. 1. Transfer Characteristic of Ideal 3-bit DAC
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D to A Converters

1.2
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level, represented by a point on the graph. It should be emphasised
that the transfer characteristic is not a continuous function and it is,
therefore, not strictly correct to join the points with a continuous line,
since this would imply that non-integral input codes and corresponding
levels existed. However, a straight line is often drawn between zero and
ftrx‘II scl:glle to represent the ‘ideal’ transfer function on which all the points
should lie.

Similarly, if the input code of a DAC is incremented using, say, a
binary counter and clock generator, then the analogue output will be a
staircase waveform. DAC transfer functions are frequently drawn as a
staircase, since this is a convenient way of illustrating various errors
that may occur in a DAC. However, such a graph is, strictly speaking, a
plot of analogue output v. time rather than output v. input code.

L

Practical DAC Circuits

Figure 2 shows an example of a 3-bit DAC circuit based on a voltage-
switching R-2R ladder network, a technique widely used in Ferranti
converters.

Each 2R element is connected either to O volts or Ves (Vgee) by
transistor switches. Binary weighted voltages are produced at the
output of the R-2R ladder, the value being proportional to the digital
input number.
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Fig. 2. 3-bit Voltage Switching DAC
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1.3.2

D to A Converters

For example, it is fairly easy to see that if bit 1 is *1° and bits 2 and 3 are
‘0’ then an output of Vis/, is produced. This is because the resistance
of the ladder looking from the output through the first R is 2R, which
forms a 2:1 attenuator with the 2R in series with the MSB switch.
Output voltages for other input codes can similarly be calculated, and
it can be seen that the ladder may be extended to any number of bits.

The voltage switching ladder technique is used in the ZN426, ZN428
and ZN429 series of D to A converters and also in the ZN425 dual-
purpose A to D/D to A converter.

D to A Parameters and Definitions
Converter Errors

The ideal DAC assumes that all the resistors are perfectly matched and
that the switches have zero resistance. In a practical converter this
will not be the case and various errors will occur in the output.

Monotonicity

When the input code of a DAC is increased in 1 LSB steps the analogue
output of the DAC should also increase, staircase fashion. If the output
always increases in this manner then the DAC is said to be monotonic,
i.e. the output is a single-valued function of the input. If, due to errors
in the bit weighting, the output of the DAC decreases at any step, as
shown in figure 3, then the DAC is said to be non-monotonic.
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Fig. 3. Non-monotonic DAC
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D to A Converters

1.3.3 Offset (Zero Error)

Assuming unipolar operation and normal binary coding, when the
input code is zero then the DAC output should also be zero. However,
due to package lead resistances and offset voltages in the switches
this will not be the case, and a small output offset may exist. This has
the effect of shifting the transfer function so that it no longer passes
through zero, as shown in figure 4.

1.3.4 Gain Error

If the reference voltage of a DAC is exactly the nominal value then the
transfer characteristics of the converter should follow the ideal straight
line. However, due to imperfections in the converter the transfer
function may diverge from this line, as shown in figure 4. This error is
known as gain error and is the difference between the slope of the
actual transfer characteristic and the slope of the ideal transfer
characteristic.
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Fig. 4. lllustrating Offset and Gain Errors

1.3.5 Linearity Errors

Offset and gain errors may be trimmed out so that the end points of the
transfer characteristic lie at zero and Vggo. However, even when this
has been done, some or all of the intermediate points may not lie on
the ‘ideal’ line. These errors, which cannot be trimmed out, are known
as linearity errors.



1.3.6

1.3.7

D to A Converters

Non-Linearity (Linearity Error)

This is the maximum amount, given either as a percentage of full scale
or a fraction of an LSB, by which any point on the transfer characteristic
deviates from the ideal straight line passing through zero and Veso.
Non-linearity is illustrated in figure 5. A linearity error within the range
44 LSB assures monotonic operation. Note however that the converse
is not true and a DAC may still be monotonic with large linearity errors,
which is also shown by figure 5.

Differential Non-linearity

This is the maximum difference, specified as a fraction of an LSB,
between the actual and ideal size of any one LSB analogue increment.
This can be seen as an error in the step height of a DAC staircase. A
positive value of differential non-linearity means that the step height
is larger than nominal, whilst a negative value means thatitis smaller
than nominal. If it is more negative than —1 LSB then the DAC is
non-monotonic. However, positive differential non-linearity may
?ssume any value and a DAC can still be monotonic, as shown in
igure 5.
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Fig. 5. lllustrating Linearity Errors
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1.39

Fig. 6.

Resolution

As stated earlier, the resolution of a DAC is simply the number of bit
inputs that a DAC possesses, which indicates the smallest analogue
increment that the converter can produce as a fraction of Vgs, e.g. 8
bits = 1 partin 28 (256). Resolutionimplies nothing abouttheaccuracy
of a DAC, which is defined by linearity and other errors.

Useful Resolution

If an n bit DAC has a differential non-linearity of say —1.5 LSB then
it is non-monotonic. However, if the LSB input is made permanently
‘0" then the DAC becomes an n—1 bit device with an LSB equal to
twice the original LSB. The differential non-linearity error thus
becomes —0.75 (new) LSB and the device is monotonic at a resolution
of n—1 bits. This is illustrated in figure 6, which shows the transfer
characteristic of a 3-bit DAC that has a useful resolution of 2 bits.

Due to manufacturing tolerances a proportion of n-bit converters will
have only n—1 or n-2 bit useful resolution. In applications not
requiring n —bit useful resolution these reduced resolution versions
offer a significant price advantage. The useful resolution of Ferranti
DACs is guaranteed over their full operating temperature range.
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D to A Converters

1.3.10 Settling Time is the time taken after a transition of the input

1.4

code for the output of a DAC to settle to within 44 LSB of its final
value. This varies depending on which bits are being changed. It may
be specified for a change of 1 LSB which generally gives the most
optimistic (fastest) figure. More conservative figures are given by the
most major transition (where the MSB changes in one direction and all
other bits change in the opposite direction, e.g. 01111111 to 10000000
or vice versa) or by a change from all bits off to all bits on (00000000 to
11111111) or vice versa.

Bipolar Operation

The discussion so far has been concerned only with DACs producing a
single polarity (usually positive) output voltage. In some applications
a bipolar (both positive and negative) output range may be required.

This can be achieved by adding a negative offset of \% to the

analogue output, as shown in figure 7. For all input codes where the
MSB is ‘0" the output voltage is then negative, and for output codes
where the MSB is ‘1’ the output voltage is positive. Where the input

coding is normally binary but the output voltage is offset by “Vaee
then the input code is referred to as offset binary.

The transfer function of a 3-bit DAC with offset binary coding is shown
in figure 8.
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Fig. 7. Bipolar Operation of a DAC
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Fig. 8. Bipolar Operation of a 3-bit DAC



2. ANALOGUE TO DIGITAL CONVERTERS

An analogue to digital Converter (ADC) is a device which converts an
analogue input into a corresponding digital output code.
2.1 Ideal Output Characteristics

Assuming a unipolar input voltage and binary coded output, the
transfer function of an ideal n-bit ADC is given by:

Ves (B1.21 + B.22+....+B,.2") =V, +4LSB
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Fig. 9. ldeal 3-bit ADC Transfer Characteristic

The transfer function of an ideal 3-bit ADC is shown in figure 9. In this
case there are 8 digital output codes corresponding to the 8 input codes
of a DAC. However, unlike the analogue output of a DAC, the analogue
input of an ADC can vary continuously, which means that each digital
output code, with the exception of 0 and 7, exists over an analogue
increment of 1 LSB. The zero of an ADC is usually trimmed so that the
transitions between codes occur £ LSB on either side of the nominal
analogue input for a particular code. For example, the nominal input
for output code 2 is § Ves. The transition from 1 to 2 occurs at % Vs
and the transition from 2 to 3 occurs at % Vgs.

As with a DAC, an ‘ideal’ straight line may be drawn through the
transfer characteristic of an ADC.
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A to D Converters

2.2

2.2.1

Practical A to D Conversion Methods

There are many methods of performing an analogue to digital con-
version. Although not all of these methods are used in the current range
of Ferranti A-D converters, they are all, nonetheless, mentioned for the
sake of completeness.

Parallel (Flash) Conversion

In an n-bit parallel converter (Fig. 10) a resistor ladder is used to
generate 2" —1 voltage levels from 1 LSB to (2" —1) X LSB which are
fed to the reference inputs of 2" —1 voltage comparators. The analogue
input signal is fed to the second input of each comparator, and is thus
compared simultaneously with each of the 2" —1 voltage levels. At
the point in the comparator chain where the reference voltage exceeds
the input voltage the comparator outputs will change over from low to
high. The comparator outputs are encoded into whatever digital
output coding is required.
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Fig. 10. Parallel A-D Converter
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A to D Converters

Since the only delays involved in the conversion are the propagation
delay of one comparator plus the logic propagation delays, parallel
converters are very fast and may perform in excess of 10 million
conversions per second. However, due to the large number of
comparators required (63 for a 6-bit converter, 255 for an 8-bit
converter) they are expensive to produce. Applications include digital
video systems, digital storage oscilloscopes and radar data processing.

2.2.2 Staircase and Comparator

In this type of ADC the input code of a DAC is incremented by a binary
counter to give a staircase waveform, as shown in figure 11. This is
compared with the analogue input and when the staircase exceeds the
analogue voltage the comparator output changes state and stops the
clock. The count reached by the binary counter is thus the ADC output
code. This method of A to D conversion is relatively simple and cheap,
but is also relatively slow, requiring 2" —1 clock pulses for a full scale
conversion, where n is the number of bits. This conversion method is
used in the ZN425 series of dual-purpose D-A/A-D converters.
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CONVERSION o2

START I

CONVERSION oo I
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! : +——oOBITn

- n-BIT DAC
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Fig. 11. Staircase (Ramp) and Compare ADC
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A to D Converters

2.2.3 Tracking Converters

As its name implies, a tracking converter can follow changing analogue
inputs. The principle operation is similar to that of the staircase and
compare type of converter, but it uses an up/down counter and a
window comparator, as shown in figure 12. When the DAC output is
less than the analogue input the comparator instructs the counter to
count up and the DAC output thus increases. If the DAC output is
greater than the analogue input the comparator causes the counter to
countdown, thus decreasing the DAC output. When the DAC output is
equal to the analogue input +4 LSB, the input is within the ‘window’
of the comparator and the counter is stopped. This is illustrated in
figure 13. A tracking converter has speed advantages over a staircase
and compare type, since the counter of the latter type can only count
up, and must therefore be reset between conversions. In the case of a
tracking converter, once it has performed an initial conversion starting
from zero, any subsequent conversions require only that number of
clock pulses necessary to track any increase or decrease in input

voltage.
?cn.ocx
n-BIT UP-DOWN
COUNTER
OBIT 1
O
O
?‘l‘:' ={=-=---0
DAC OUTPUT | &------0
TRACKING INPUT il ell---0
SIGNAL i D
11| $—o8BITn
< n-BIT DAC

6043

Fig. 12. Tracking ADC

As an extreme example consider an analogue input that changes from
Veso 10 (Veso —1 LSB). The staircase and compare converter will
require 2" —1 clock pulses for the first conversion and 2" —2 clock
pulses for the second conversion. The tracking converter on the other
hand, will require 2" —1 clock pulses for the first conversion but only
one clock pulse for the second conversion. This is illustrated in figure
14.

12



A to D Converters
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Fig. 13. Operation of Tracking ADC
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Fig. 14. Comparison of ramp and compare and tracking ADCs
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224

In general it can be said that a tracking converter will follow signals
whose rate of change is less than +1 LSB X clock frequency. If this
condition is met there is no need to use a sample-and-hold circuit on
the analogue input.

A tracking technique is used in the ZN433 series of converters.

Successive Approximation Converters

The operation of a staircase anrd compare ADC is analogous to
weighing, say an 11 gramme weight, on a balance by adding one
gramme weights until the scale tips, which is clearly a very slow
method. A faster procedure, known as successive approximation, uses
weights of 16, 8, 4, 2 and 1 grammes. The 16 gramme weight is tried
first and is discarded because it tips the scale. The 8 gramme weight is
tried next, and is left on the pan. Next the 4 gramme weight is tried and
discarded, and the 2 and 1 gramme weights are tried and retained. The
final result is the sum of the weights remaining on the scale pan, and
the operation has taken 5 ‘cycles’ as opposed to 11 ‘cycles’ for the
staircase and compare method.

The principle of a successive approximation ADC is identical. The
MSB of a DAC is first set to ‘1° and the output is compared to the
analogue input. If it is greater than the input the MSB is reset to ‘0,
otherwise it is left at “1°. The next bit is then set to ‘1’ and the DAC
output is again compared to the analogue input. Again it is either reset
or left at “1° depending on the result of the comparison. This procedure
is repeated for every bit down to the LSB, and the final input code to
the DAC is the output code of the ADC. A successive approximation
cycle is illustrated in figure 15.
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Fig. 15. Operation of a Successive Approximation ADC
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A to D Converters

Successive approximation is used in the ZN427 and ZN432 series of
converters.

Dual Slope Converters
Dual slope integration is one of the slowest methods of A to D
conversion, but it offers high resolution at a modest cost.

A block diagram of a dual-slope converter is shown in figure 16. It
operates in the following manner : Switch S1 is closed by the control
logic, S4 is opened and the input voltage is integrated for n clock
periods, where n is usually the maximum count of the counter. At the

end of this time the integrator output voltage, Vo, is ﬂl—%ﬁ where T,
is the clock period. This is shown in figure 17.

-VRer VIN *VREF
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o '
S4(RESET) !
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]
[}
) - - |CONTROL [*
(EOMPARATO LoGiC |, COUNTER
icmcx
6046

Fig. 16. Dual-Slope ADC

During this period the polarity of the input signal is detected by the
comparator. At the end of the integration period S1 is opened and,
depending on the polarity of V,,,, either S2 or S3 is closed to connect
the integrator to a reference voltage of opposite polarity to V;,.
The counter is now allowed to count from zero until the integrator
output reaches O voits, when the comparator output changes
state and the counter is stopped. Since the integration is over the

same voltage range (Vo). Vo =—V“:‘—FCXT°, where x is the count

15



A to D Converters
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Fig. 17. Operation of Dual-Slope ADC

reached by the time the integrator output crosses zero. Thus

Vin.n Tc _ VREF X Tc
RC =~ RC

Vi,.,.n
VREF

Since n and Vgee are both fixed the output count is proportional to
the input voltage. Since both the first and second integrations occur
under identical conditions the converter is unaffected by any long-
term variations in T, R or C, as demonstrated by the disappearance of
these terms from the final equation. The only factors affecting the
accuracy of the converter are (1) the stability of Vger (2) the stability of
the ‘on’ resistance of S1 to S3 and (3) drift in the integrator and
comparator op-amps. These effects can be minimised by careful
design.

or X =

Dual slope converters are generally used where high resolution and
low cost are more important than speed, for example in digital
voltmeters.

The ZNA116 and ZNA216 are DVM logic subsystems containing the
clock, counter and all control logic necessary for dual slope converter
or DVM.

16
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A to D Converters

A to D Parameters and Definitions

A to D Converter Errors

Like DACs, practical ADCs are subject to a number of error sources,
and since most ADCs contain a reference DAC, many of these error
sources are the same for both types of converter.

Quantising Error (Uncertainty)

Quantising error is an ADC specification that has no counterpart in
DAC specifications. For each input code of a DAC there is a unique
analogue output level, but for any ADC output code there is a 1 LSB
range of analogue input levels. It is thus not possible to tell from the
output code the precise value of the analogue input level, there being a
quantising error or uncertainty of +-4 LSB. Since all ADCs have this
inherent quantising error the parameter is frequently not quoted in
specifications.

Missing Codes

Missing codes are perhaps best explained by considering the operation
of a staircase and compare type 3-bit ADC which has a non-monotonic
DAC, as shown in figure 18. The reference DAC exhibits non-
monotonicity at input code 4, i.e. step 4 of the staircase decreases.
There is thus no way in which the counter can be stopped at this code.
If the analogue input is less than the DAC output for code 3 then the
comparator will stop the counter before 4 is reached. If the analogue
input is greater than output 3 it must also be greater than output 4, so
the comparator will not change state at code 4.
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Fig. 18. Non-monotonic DAC used in an ADC
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2.3.5

2.3.6

Output code 4 will thus never appear and is known as a ‘missing’ code.
The transfer function of an ADC with a missing code is shown in
figure 19.
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Fig. 19. ADC With Missing Code

Zero Transition

As explained earlier, the zero of an ADC is usually trimmed so that the
output transition from O to 1 occurs at an input level corresponding to

$LSB, i.e. -;-\—/2? However, as supplied the reference DAC of an ADC

I.C. will not have the } LSB offset necessary to achieve this. The zero
transition will thus occur at 1 LSB plus the DAC zero error, plus the
comparator offset voltage. These three parameters are frequently
lumped together as the (untrimmed) zero transition of the ADC.

Gain Error

This is the difference between the slope of a line drawn between the
actual zero and full scale transition points and that of a line drawn
through the ideal transition points.

Non-linearity (Linearity Error)

Non-linearity is the maximum amount by which any actual transition
points deviates from the corresponding ideal transition point. It is
specified as a percentage of full-scale or a fraction of an LSB. A
linearity error of less than ++ LSB assures no missing codes.

18



2.3.7

2.3.8

2.3.9

A to D Converters

Differential Non-linearity
This is the maximum difference between any 1 LSB increment of the

analogue input and the ideal size of an LSB increment \% Differential
non-linearity of less than 1 LSB guarantees no missing codes.

Resolution

The resolution of an ADC is simply the number of bit outputs that the
converter possesses. As with a DAC, resolution implies nothing about
the accuracy of a device.

Useful Resolution

Useful resolution is the resolution (number of bits) at which an ADC
has no missing codes, which for Ferranti ADCs is guaranteed over the
operating temperature range. As with DACs, an n-bit ADC may have a
useful resolution less than n bits, for reasons previously explained.

2.3.10 Conversion Time

2.4

The time taken for an ADC to perform a complete conversion is known
as the conversion time. For successive approximation converters
conversion time is fixed by the number of bits and the clock frequency.
However, for other types, conversion time may vary with input voltage.
For example, a ramp and compare ADC requires 2" —1 clock pulses for
a full scale conversion but only one clock pulse for a one bit conversion.
It is thus important to check exactly what is being specified.

Bipolar Operation

As with a DAC, an ADC may be used for bipolar operation. Taking the
ZN427 as an example the input is offset by iyz—'ﬁ so that the input
voltage presented to the ADC is always positive, even with negative
input voltages down to _V—z-"EF. The principle of offsetting an ADC

input is illustrated in figure 20, whilst the transfer function of a 3 bit
bipolar ADC is shown in figure 21. In this case the output coding is
known as offset binary.
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*VREF

ANALOGUE
INPUT

6050

Fig. 20. Bipolar Operation of an ADC

DIGITAL OUTPUT
}-
o

ANALOGUE INPUT
-FES. 0 +F.S.

6051

Fig. 21. Bipolar Transfer Characteristic of an ADC
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COMPANDING CONVERTERS

Unlike conventional DACs whose outputs are invariably linearly proportional
to the digital number at the inputs, a companding DAC has an output that is
intentionally non-linear with respect to its digital input.

In general, assuming a constant reference, a companding DAC's output is an
exponential function of the digital input. A small change in the digital input,
when it is near zero, produces a very small change in the analogue output. As
the digital input goes towards full scale, the same digital change produces a
progressively larger change in the analogue output.

A companding DAC's transfer function is an eight segment piecewise linear
approximation to the ideal exponential characteristic. Within each segment
— also called a ‘chord’ — the transfer function is linear. However, with the sizes
of the analogue-output steps differing by a factor of two in adjacent chords,
the chords have slopes that approximate the non-linear function. Each chord
contains 16 steps making a total of 128 steps in all from zero to full scale.

Companding DACs usually relate to 7-bit resolution with an additional sign
bit making it an 8-bit input device. The sign bit is the MSB, the next three
most significant bits selecting the chord and the final four bits the steps
within the chord. The final transfer characteristic is shown in figure 22. The
ADC companding function is similar in nature, with the transfer characteristic
being the inverse of that shown for the DAC.

+F.S.

z /

&

2 \

o \

2 16 STEP,

8 4 CHORD

g \\'\

=z

< *
01 234567

CHORD No.
DIGITAL INPUT

-FS.

Fig. 22. Transfer Function of a Companding DAC

The most popular application areas for this type of converter are single
channel code conversion of voice signals in telephone exchange networks.
The Ferranti ZNPCM1 Codec performs such a function using some innovative
circuit techniques. The companding is performed in all digital circuitry using
an intermediate delta-sigma modulation function.
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4.

QUALITY ASSURANCE PROGRAMME

The quality control procedures at Ferranti Electronics Limited are based on
British Standard 9000, the relevant documents being:

BS 9002 : Qualified products list for electronic components of assessed
quality (including list of approved firms).

BS 9400: Integrated electronic circuits and micro-assemblies of
assessed quality.

BS 9450: Custom-built integrated circuits of assessed quality.
BS 6001 : Sampling procedures and tables for inspection by attributes.

The quality emphasis at Ferranti is on process control (as indicated by the use
of many monitors and audits) in addition to gate inspections. This philosophy
is consistent with building in quality and reliability rather than attempting
solely to screen for it.

There are five basic stages in the manufacture of Ferranti data converters, as
shown below :

1

5
Material |—p—] — P — —p— —p—] Quality

Processing Assembly Screening Testing Assurance

2 3 4

Each of these stages has associated with it a number of quality control checks
to ensure that components will meet the standards required by the most
stringent environments encountered in the field of electronics.

41 Processing

The technology used to fabricate the Ferranti range of data converters
is a five mask bipolar process (see publication ref. ESA 480673). This
process is used to manufacture the whole range of Ferranti LSI
products, but is especially suited to converter products since it allows
analogue and digital circuits to be fabricated on the same chip, with
good yields and high packing densities. The process has full BS 9450
capability approval and is the first bipolar process in the U.K. to receive
such approval.

4.2 Assembly

Ferranti data converters are available in either moulded or hermetically
sealed ceramic dual in-line (DIL) packages (though certain types are
available only in ceramic package). The assembly flow-charts for both
types of package are shown in Table 1. All products are manufactured
by the same routes and using the same techniques as BS 9000
approved products.
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TABLE 1
PLASTIC CERAMIC
Wafer Wafer

Dice Preparation

Dice Inspection

Alloy

Bond

Pre -cap Inspection

QC Lot Acceptance

Mould

Post Mould Cure(5 Hrs.at 185°C)
Tin plate

Visual Quality & Solderability
Part Mark

Part Mark Quality & Durability
Physical Inspection

QC Lot Acceptance

Electrical Test

Warehouse

Dice Preparation
Dice Inspection

Q.C Lot Acceptance
Alloy

Bond

Pre-cap Inspection
QC Lot Acceptance
Bake 1 hour at 200°C
Encapsulate

Fine Leak Test
Gross Leak Test

Part Mark

Part Mark Quality & Durability
Physical Inspection
QC Lot Acceptance

Electrical Test

Warehouse

Key: (OProduct Process <>100% Inspection [ | Sampling

23
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TABLE 2

[ PRODUCTION BATCH FORMED |

|
CATEGORY S2
Screenin? Level B

Pre-cap inspection
BS 9400 1.2.10 level B

High Temperature Storage
BS 9400 1.2.6.3
150°C for 24 hours

Rapid Change of Temperature
BS 9400 1.2.6.13
10 cycles -65°C to +150°C

Acceleration Steady State
BS 9400 1.2.6.9
294000 m/s2. Direction Y1

Fine and Gross Leak Tests
BS 9400 1.2.6.14

_

Electrical Tests at 256°C
as per subgroups A2, A3(a)

Burn-in Screen
BS 9400 1.2.9.2
160 hours minimum at 125°C

Final Electrical Tests at 25°C
as per subgroups A2, A3(a)

24

CATEGIORY S3
Screening Level C

Pre-cap inspection
BS 9400 1.2.10 level B

High Temperature Storage
BS 9400 1.2.6.3
150°C for 24 hours

Rapid Change of Temperature
BS 9400 1.2.6.13
10 cycles —65°C to +150°C

Acceleration Steady State
BS 9400 1.2.6.9
294000 m/s2, Direction Y1

Fine and Gross Leak Tests
BS 9400 1.2.6.14

Final Electrical Tests at 25°C
as per subgroups A2, A3(a)




4.3

4.4

Q A Programme

Screening

In addition to the standard manufacturing cycle, optional screening
procedures are available to produce high-reliability products. A full
breakdown of the options available, related to their BS 9400 proced-
ures, is shown in Table 2.

Testing

On completion of assembly all devices are subjected to 100% functional
and d.c. testing in addition to either an S4, 2.5% sample or 100% check
on a.c. characteristics depending on device type. The d.c. tests are inset
to tighter limits than those shown on the data sheet in order to ensure
that the device will function within the specified conditions over its full
operating temperature range.

In addition to the 100% test already described, devices manufactured
to commercial specifications also undergo sample tests to the AQLs in
Table 3, including the temperature extreme tests mentioned above.

temperature range

TABLE 3
Inspected Parameter Inspection Level AQL
Visual & Mechanical including major external I 1%
workmanship and marking permanency
Function 1 0.15%
Major Electrical Parameters at T,,, = 25°C I 0.65%
Major Electrical Parameters over operating ] 2.5%

4.5

Quality Assurance

Despite all the measures taken to ensure that commercial product is of
a high standard it is inevitable that certain market sectors will require a
higher level of quality assurance. These market sectors are pre-
dominantly military and telecommunications orientated.

Wherever devices are supplied to these more stringent QA requirements
they are re-routed at the end of the assembly cycle through our QA
Bond Department. They are subjected, on a lot-by-lot basis, to a more
rigorous examination of ther quality using methods laid down in
BS 9000 or its equivalent for the specification concerned.

In addition to lot-by-lot testing, long term life testing of product is
performed continually. This enables constant monitoring of process
stability and any undesirable deviations from the norm are quickly
brought to light so that corrective measures may be implemented.
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4.6 Acceptable Quality Levels

As explained earlier the procedures and manufacturing techniques used
by Ferranti are consistent with producing an inherently reliable product
rather than screening out unreliable product. This is achieved by
careful process control combined with numerous gate inspections.

In order for such a system to be effective it is necessary to implement a
sampling procedure where the sample size and inspection levels of the
various stages are adequate to assure satisfactory quality of the end
product whilst remaining cost effective. This can be achieved only after
a long history of semiconductor manufacture, which gives an intimate
knowledge of the problems likely to arise at each stage of manufacture,
and the best methods of inspecting for them.

The sampling procedures used by Ferranti are those outlined in
BS 6001. The Acceptable Quality Level (AQL) is the maximum
percentage of defective devices that can, for the purposes of inspection,
be considered satisfactory as a process average.

The AQL sample size codes and sampling plan used by Ferranti are
reproduced in tables 4 and 5.
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TABLE 4
SAMPLE SIZE CODE LETTERS
Special General
inspection levels inspection levels
Lot or batch size
S-1]1S-2|S-3]|S-4 | ] ]|
2 to 8 A A A A A
9 to 15 A A A A A B
16 to 25 A A B B B
26 to 50 A B B C (o D E
51 to 90 B B (o Cc Cc E F
91 to 150 B B Cc D D F G
151 to 280 B C D E E G H
281 to 500 B | c|p|e|F|H
501 to 1200 Cc Cc E F G J K
1201 to 3200 Cc D E G H K L
3201 to 10000 Cc D F G J L M
10001 to 35000 Cc D F H K M N
35001 to 150000 D E G J L N P
150001 to 500000 D E G J M P Q
500001 and over D E H K N Q R
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D-A/A-D CONVERTER

7 FERRANTI
‘ semiconductors|  7na2s series

8 Bit Monolithic D to A/A to D Converter

FEATURES

® 8, 7 and 6 bit Accuracy

® 0°C to +70°C (ZN425E Series)

® -55°C to +125°C (ZN425J-8)

@® TTL and 5V CMOS Compatible

® Single +5V Supply

@ Settling Time (D to A) 1 usec Typical

@ Conversion Time (A to D) 1 msec typical, using ramp and
compare.

@ Extra Components Required
D-A : Reference capacitor (direct A-D : Comparator, gate, clock
voltage output through and reference capacitor
10 kQ typ.)

DESCRIPTION

The ZN425 is a monolithic 8-bit digital to analogue converter containing an R-2R
ladder network of diffused resistors with precision bipolar switches, and in addition a
counter and a 2.5V precision voltage reference. The counter is a powerful addition
which allows a precision staircase to be generated very simply merely by clocking the
counter.

+Voco—g
Analogue
3300,
‘ R-2R Ladder 4 Output

VREF

] I T

|——oV Input
ov I | Switches | 15 REF NPy

1
Bit 8 8i
Bit g Bit 1 (MS®)
Bit6 Bit 3
Bit 5 0 Bit 4

r input Select Switch I

Select TTITTITITITITLtr]
(High tor Counter) ™ 2 | | 1 | | 1 | ]

Clock o—z—-—f Qs g Bit Binary Counter Q'J

'*_ | D S W W W | Counter Reset
3 (Low 1o reset)

w2
Fig. 1 — System Diagram
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ZN425 Series

INTRODUCTION

The ZN425 is an 8-bit dual mode digital to analogue/analogue to digital converter. It contains an
8-bit D to A converter using an advanced design of R-2R ladder network and an array of precision
bipolar switches plus an 8-bit binary counter and a 2.5 volt precision voltage reference all on a single
monolithic chip.

The special design of ladder network results in full 8-bit accuracy using normal diffused resistors.

The use of the on-chip reference voltage is pin optional to retain flexibility. An external fixed or
varying reference may therefore be substituted.

By including on the chip an 8-bit binary counter, analogue to digital conversion can be obtained
simply by adding an external comparator (ZN424P) and clock inhibit gating (ZN7400E).

By simply clocking the counter the ZN425 can be used as a self-contained precision ramp generator.

A logic input select switch is incorporated which determines whether the precision switches accept
-the outputs from the binary counter or external digital inputs depending upon whether the control
signal is respectively high or low.

;I'he converter is of the voltage switching type and uses an R-2R resistor ladder network as shown
n Fig. 2.

R(10kn) R o R R Pinl4 Analogue
' Output
2R 2R 2R 2R 2R

VRet ! ! - !

~ I- k_ll—k‘—l L {—l ]-

ov -
Bit8 Bit7 Bit2 Bit1
Ms.B. 8

Fig. 2 - The R-2R Ladder Network

Each 2R element is connected either to OV or Vggf by transistor switches specially designed for low
offset voltage (typically 1 millivolt).

Binary weighted voltages are produced at the output of the R-2R ladder, the value depending on the
digital number applied to the bit inputs.

ORDERING INFORMATION

Operating Temperature| 8-bit Accuracy 7-bit Accuracy 6-bit Accuracy Package
0°Cto +70°C ZN425E-8 ZN425E-7 ZN425E-6 Plastic

-55°C to +125°C ZN425J-8 — — Ceramic

ABSOLUTE MAXIMUM RATINGS

Supply voltage Ve .. .. .. +7 -0 volts

Max. voltage, logic and Vgeg inputs .. .. +5-5volts See note 3

Operating temperature range .. .. .. 0°C to +70°C (ZN425E Series)
-55°C to +125°C (ZN425J-8)

Storage temperature range .. .. -565°C to +125°C
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CHARACTERISTICS (at Tymp = 26°C and V¢ = +5 volts unless otherwise specified).
Internal voltage reference

Parameter Symbol | Min. | Typ. | Max. Units Conditions
Output voltage Veee |2°4 [2-55|2-7 | volts | = 7-5 mA (internal)
Slope resistance Re —_— 2 4 | ohms | = 7 -5 mA (internal)
Vger Temperature coefficient — 40 | — | ppm/°C| | = 7-5 mA (internal)

Note: The internal reference requires a 0-22 uF stabilising capacitor between pins 1 and 16.

8-Bit D to A Converter and Counter

Parameter Symbol | Min. | Typ. | Max. [ Units Conditions
Resolution 8 — — bits
Accuracy ZN425J-8 8 — — bits VRer Input =
(useful ZN425E-8 8 —_ — | bits 2to 3V
resolution) ZN425E-7 7 — —_ bits
ZN425E-6 6 — — | bits
Non-linearity —_ — | +0-5} L.S.B. See Note 3
Differential non-linearity — | 05| — L.S.B. See Note 6
Settling time —_ 1-0 — us 1 L.S.B. step
Settling time to 0-5 L.S.B. — 16 | 2-5 | us All bits ON toOFF
or OFF to ON
Offset voltage ZN425J-8 _ 8 12 mV All bits OFF
ZN425E-8 See Note 3
ZN425E-6 »| Vog —_ 3 8 mV
ZN425E-7
Full scale output 2:54512-550]2-555] volts All bits ON
Ext. VREF=2’56V
Full scale temperature coeff. —_ 3 —_ ppm/°C | Ext. Vggp=2'66V
Non-linearity error temp. coeff. — 7-5 — ppm/°C | Relative to F.S.R.
Analogue output resistance R, —_ 10 —_ kQ
External reference voltage V] — 3:0 | volts
Supply voltage Vee 4.5 — 5-5 | volts See Note 3
Supply current lg - 25 35 | mA
High level input voltage Vin 2-0 — — volts See Notes 1 and 2
Low level input voltage ViL - - 0:7 | volts
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CHARACTERISTICS (continued).

Parameter Symbol | Min. | Typ. | Max. Units Conditions
High level input current LK — — 10 | pA Vee = max.
Vy =2-4v
— — 100 | pA Vf(:: =5 rrg':lx
Low level input current, I - — |-0:68| mA Vee = max.
bit inputs V;=0-3V
Low level input current, clock | I, —_ — |-0-18] mA
reset and input select
High level output current lon — —_ —40 | pA
Low level output current loL — - 1-6 | mA
High level output voltage Vo 2-4 — — | volts Vee = min.
llo:d = —40 pA
Low level output voltage VoL - —_ 0-4 | volts \CIIC-E ? min,
licag = 1-6 mA
Maximum counter clock fe 3 5 — | MHz See Note 5
frequency
Reset pulse width tr 200 - — | ns See Note 4

Notes:

1. The Input Select pin (2) must be held low when the bit pins (5, 6, 7,9, 10, 11, 12 and 13) are

driven externally.

2. To obtain counter outputs on bit pins the Input Select pin (2) should be taken to + V¢ via a

1 kQ resistor.

3. The ZN425J differs from the ZN425E in the following respects:

(a) Forthe ZN425J, the maximum linearity error may increase to +1 LSB over the tempera-

tureranges—-55°Cto 0°C and +70°Cto +125°C.

(b) Maximum operating voltage. Between 70°C and 125°C the maximum supply voltage is

reduced to 5.0V.

(c) Offset voltage. The difference is due to package lead resistance. This offset will normally

be removed by the setting up procedure, and because the offset temperature coefficient
is low, the specified accuracy will be maintained.

4. The device may be reset by gating from its own counter.

5. Fphax in A/D mode is 300 kHz, see page 36.
6. Monotonic over full operating temperature range at resolution appropriate to accuracy.
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Vee

If Pin 2 is high then the output

equals the Q output of the

corresponding counter. Bits 1-8
If Pin 2 is low then the output

transistor, Tr1 is held off.

wsh

Fig. 3 — Bit Inputs/Outputs

APPLICATIONS
1. 8-bit D to A Converter

The ZN425 gives an analogue voltage output directly from pin 14 therefore the usual current to
voltage converting amplifier is not required. The output voltage drift, due to the temperature
coefficient of the Analogue Output Resistance R,, will be less than 0-004% per °C (or 1 L.S.B./
100°C) if R is chosen to be >650 kQ.

In order to remove the offset voltage and to calibrate the converter a buffer amplifier is necessary.
Fig. 4 shows a typical scheme using the internal reference voltage. To minimise temperature drift in
this and similar applications the source resistance to the inverting input of the operational amplifier
should be approximately 6 kQ. The calibration procedure is as follows:

i. Set all bits to OFF (low) and adjust R, until Vg, = 0-000V.
ji. Set all bits to ON (high) and adjust R4 until V,,, = Nominal full scale reading — 1 L.S.B.

ili. Repeat /. and ji.
e.g. Set F.S.R. to +3-840 volts -1 L.S.B.

= 3-825 volts
(1LSB.= % = 15-0 millivolts.)
ioSV
TO.ZZ}JF
1
2
—3 14 Anal
—4 13 nalogue
Bite—s 1 Output
Bit 7—16 1 6.8kn.
Bit 6 —17 10|
8 9 Sk t-?%'.n.
ZN425E Ry
18k
ov _
IIII -5Y L4618

Fig. 4 - 8-bit Digital to Analogue Converter
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2. 8-bit Analogue to Digital Converter

A counter type ADC can be constructed by adding a voltage comparator and a latch as in Fig. 5. On
the negative edge of the CONVERT COMMAND pulse (15 us minimum) the counter is set to zero
and the STATUS latch to logical 1. On the positive edge the gate is opened, enabling clock pulses to
be fed to the counter input of the ZN425. The minimum negative clock pulse width to the ZN425
is 100 ns. The analogue output of the ZN425 ramps until it equals the voltage on the other input of
the comparator. At this point the comparator output goes low and resets the STATUS latch to
inhibit further clock pulses. The logical O from the status latch indicates that the 8 bit digital output
is a valid representation of the analogue input voltage.

A small capacitor of 47 pF is added to the ZN425 output to stop any positive going glitches
prematurely resetting the status latch. This capacitance is in parallel with the ZN425 output
capacitance (20-30 pF) and they form a time constant with the ZN425 output resistance (10 kQ).
This time constant is the main limit to the maximum clock frequency. With a fast comparator the
clock frequency can be up to 300 kHz. Using the ZN424P as a comparator the clock frequency
should be restricted to 100 kHz. The conversion time varies with the input, being a maximum for
full scale input.
256

Maximum conversion time = - seconds
clock frequency in Hz

*5V
Sikn 1Sk
Anal AA A
alog ~>ToT WA
Input 0.27 cen f . Set zero
< 16 R
2 15 o 262
3 1
3 13] |
5 12 b -5y NS
5 " S$i5kn
7 10] <
8 9| 7] 14 2
l l ZN4L2SE ZN7400E
= 47pF Al
.8 bit digital output

ov "

st Clock Convert U

Command

Fig. 56 — 8-bit Analogue to Digital Converter

3. Precision Ramp Generator

The inclusion of an 8-bit binary counter on the chip gives the ZN425 a useful ramp generator
function. The circuit, Fig. 6 uses the same buffer stages as the D to A converter. The calibration
procedure is also the same. Holding pin 2 low will set all bits to ON and if RESET is taken low with
pin 2 high all the bits are turned OFF. If the end voltages of the ramp are not required to be set

accurately then the buffer stage could be omitted and the voltage ramp will appear directly at pin 14.
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o ZN42SE
Clock Input

ov

I’II -5V 4621

Fig. 6 — Precision Ramp Generator

4. Alternative Output Buffer using the ZLD741

The following circuit, employing the ZLD741 operational amplifier, may be used as the output
buffer for both the 8-bit Digital to Analogue Converter (Fig. 4) and the Precision Ramp Generator

(Fig. 6).

+5V
IN42S. . s
Pin14 10
ZLD741CE
4 9
% [210k 6.8k
Set zero
Skan
-8y Set F.S.R.
18k

47630

Fig. 7 - The ZLD741 as Output Buffer

5. Further Applications

Details of a wide range of additional applications, described in the Ferranti publication ‘Appli-
cation Report-ZN425 8-bit A-D/D-A Converter’, are also available. )
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Ground
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114
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D-A CONVERTER

FERRANTI

semiconductors ZN426 Series

8 Bit Monolithic D to A Converter

FEATURES

® 8, 7 and 6-bit Accuracy

® ZNA426E Series Commercial Temp. Range 0°C to +70°C
@® ZN426J-8 Military Temp. Range -55°C to +125°C

@ TTL and 5V CMOS Compatible

@ Single +5V Supply

@ Settling Time 1 usec. Typical

® Only Reference Capacitor and Resistor required

DESCRIPTION

The ZN426 is a monolithic 8-bit digital to analogue converter containing an R-2R ladder
network of diffused resistors with precision bipolar switches and a 2.5V precision
voltage reference.

v 6 B0ty
REFO— l
OUTPUT I 8 oN.C
+2.5V o
REFERENCE 4 ANALOGUE
R- R
, 2R LADDE —o AT oot
Ovo
A 4 4008038408
VReFo S ﬁl SWITCHES I
INPUT {
“9“10 11“12“13“1 4\2“3
6 [o) Q0000
BIT87 6 5 4 3 2BIT1(MSB)

DIGITAL INPUTS 5484/1
Fig. 1. System Diagram
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INTRODUCTION

The ZN426 is an 8-bit digital to analogue converter. It contains an advanced design of R-2R ladder
network and an array of precision bipolar switches plus a 2.5 volt precision voltage reference all on a
single monolithic chip.

The special design of ladder network results in full 8-bit accuracy using normal diffused resistors.

The use of the on-chip reference voltage is pin optional to retain flexibility. An external fixed or
varying reference may therefore be substituted. In this case there is no need to supply power to the
internal reference so Rggr and Cref can be omitted.

'_I'h:_coriverter is of the voltage switching type and uses an R-2R resistor ladder network as shown
in Fig. 2.

R(10kn) R R R IN &
ANALOGUE
OUTPUT
2R 2R
VRerINo.
(PIN5) L <« VOLTAGE o
“TSWITCHES
cz vous). o— 41 |
PIN 7) BIT 1
BITS  BIT 7 BIT 2 v 5195

Fig. 2. The R-2R Ladder Network

Each 2R element is connected either to OV or Vg by transistor switches specially designed for low
offset voltage (typically 1 millivolt).

Binary weighted voltages are produced at the output of the R-2R ladder. the value depending on the
digital number applied to the bit inputs.

ORDERING INFORMATION

Operating Temperature | 8-bit accuracy 7-bit accuracy 6-bit accuracy Package
0to +70°C ZN426E-8 ZN426E-7 ZN426E-6 Plastic
-65 to +125°C ZN426J-8 — — Ceramic

ABSOLUTE MAXIMUM RATINGS

Supply voltage Vo .. .. .. .. +7.0 volts
Max. voltage, logic and Vgee mputs .. .. +5.5 volts
Storage temperature range .. .. .. .. -55t0 +125°C



ZN426 Series

ELECTRICAL CHARACTERISTICS (Vge = +5 volts, T, = 25°C unless otherwise specified).

Parameter Symbol | Min. | Typ. | Max. Units Conditions
Converter .
Resolution 8 - — bits
Accuracy (useful resolution) i . .
ZN426J- 8 - — bits Vgee input
ZN426E-8 =2.0 to 3.0 volts
ZN426E-7 7 — — bits
ZN426E-6 6 — — bits
Non-linearity — — +05 | LS.B. | Note 1
Differential non-linearity — 405 — L.S.B. Note 2
Settling time to 0.5 L.S.B. — 1.0 —_ us 1 L.S.B. step
Settling time to 0.5 L.S.B. — 20 — us Allbits ON to OFF
or OFF to ON
Offset voltage ZN426J-8 | Vg — 5.0 80 | mV All bits OFF
ZN426E-8 Note 1
ZN426E-7 — 3.0 50 | mV
ZN426E-6
Vos temperature coefficient — 5 — | wV/°C
Full scale output 2,545 | 2.5650 | 2.555 | volts All bits ON
Ext. Vpgg =
2.560V
Full scale temp. coefficient — 3 — ppm/°C | Ext. VRegg =
2.560V
Non-linearity temp. coeff. — 7.5 — ppm/°C | Relative to F.S.R.

Notes:

1. The ZN426J-8 differs from the ZN426E-8 in the following respects:

(a) Forthe ZN426J-8, the maximum linearity error may increase to 4-0.4% FSRi.e. +1 LSB over
the temperature ranges —55°C to 0°C and +70°C to +125°C.

(b) Offset voltage. The difference is due to package lead resistance. This offset will normally be
removed by the setting up procedure, and because the offset temperature coefficient is low,
the specified accuracy will be maintained.

2. Monotonic over full temperature range at resolution appropriate to accuracy.
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ELECTRICAL CHARACTERISTICS (continued)

Parameter Symbol | Min. | Typ. | Max. Units Conditions
Analogue output resistance Ro — 10 — kQ
External reference voltage 0 — 3.0 | volts
Supply volitage Vee 4.5 — 5.5 | Volts
Supply current lg - 5 9 mA
High level input voltage Viu 20 — — | volts
Low level input voltage ViL — — 0.7 | volts
High level input current hin — — 10 vA ¥|C<-:—— =-2 .Tsx..
— — 100 | vA ¥|CC= =:r) .rg\t;x..
Low level input current L - — | -018| mA \\;?9__ ——b g\a/x.,
Internal Voltage
8::;5:331?399 VRer 2475 | 2.55 | 2.625 | volts Note*
Rper = 39002
Slope resistance R, — 1 2 ohms Rper = 3900
Vger temperature coefficient —_ 40 — ppm/°C | Rgegr = 390Q

Note® The'internal reference requires a 1 wF stabilising capacitor between pins 7 and 6 (Cggg)
and a 390Q resistor between pins 14 and 6 (Rggg).

APPLICATIONS
1. 8-bit D to A Converter

The ZN426 gives an analogue voltage output directly from pin 4 therefore the usual current to
voltage converting amplifier is not required. The output voltage drift, due to the temperature
coefficient of the Analogue Output Resistance R, will be less than 0.004% per °C (or 1 L.S.B./
100°C) if R_is chosen to be >650 kQ

In order to remove the offset voltage and to calibrate the converter a buffer amplifier is necessary.
Fig. 3 shows a typical scheme using the internal reference voltage. To minimise temperature drift in
this and similar applications the source resistance to the inverting input of the operational amplifier
should be approximately 6 kQ. The calibration procedure is as follows:

i. Set all bits to OFF (low) and adjust R, until V. = 0.000V.
ii. Setall bits to ON (high) and adjust R, until V,,, = Nominal full scale reading -1 L.S.B.
iii. Repeat /. and 7.
e.g. Set F.S.R. to +3 -840 voits — 1 L.S.B. = 3-825 volts

(1 LSB. = %{; = 16.0 millivolts.)

42



ZN426 Series

I-I-SV

RREF <
39%5’ Bit 3—1 ~
8it 2—{2 13—8it ¢
Bit1—3 12—B8it5
. 1}— Bit6
5 10— Bit7
6 9— Bit8
7 8 N.C.
CREF = ZNL26
I-OPF

ov

”

Fig. 3. 8-bit Digital to Analogue Converter

Alternative Output Buffer using the ZLD741

The following circuit, employing the ZLD741 operational amplifier, may be used as the output

buffer (Fig. 3).

Pin 4

+5Y
ZN426 AR
o—e
ZLD7CE>0
4 9
6 10k 6-8kn.
Set zero
Skan
2y Set F.SR.
18k
5797

Fig. 4. The ZLD741 as Output Buffer
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PIN CONNECTIONS

Bit31 [ U 14 +Vec 5 voits)
git2 2 [] 113 Bits
(MsB)Bit1 3 [ []12 Bit5
Analogue Output 4 : ] Bite
VRer IN 5 [ J10 Bit?
vRer out 6 [ ] s sit8(Lse)
ov 7 l: ] 8 n.c.

5798

CHIP DIMENSIONS AND LAYOUT

105 MIL
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FERRANTI A/D CONVERTER
semiconductors o108

8 Bit Successive Approximation A/D Converter

FEATURES

Fast; 15 us conversion time guaranteed

3-state outputs, TTL compatible

Internal or external reference

No missing codes over operating temperature range
Unipolar and bipolar input ranges

Ratiometric conversion

+5V and -3V to -30V supplies

ZN427E-8 Commercial temp. range 0°C to +70°C
ZN427J-8 Military temp. range -556°C to +125°C

DESCRIPTION

The ZN427 is an 8-bit A to D converter with 3-state outputs to permit bussing on
common data lines. It contains a voltage switching D to A converter, a 2.5 volts
precision reference, a fast comparator and successive approximation logic.

The use of the on-chip reference voltage is pin optional to retain flexibility. An external
fixed or varying reference may therefore be substituted.

Only passive external components are required. For basic operation these are an input
resistor, a reference resistor and capacitor and a resistor from Rexy (pin 5) to the
negative rail (V_).

7
D 10 A OUTPUT —oVRerIN
R-2R LADDER s
l———OVRErw‘
COMPARATOR +2.5V
REF
R ANALOGUE VOLTAGE SWITCHES 9
Vin 1 -0 GROUND
5
Rgxy o= ¢ __START
. SUCCESSIVE APPROXIMATION 0 CONVERSION
REGISTER 1, ENDOF
cLocke CONVERSION
10 2
Ve o—f——» 3-STATE OUTPUT BUFFERS o QUIPUT
(+5 vOLTS) ENABLE
n Lz Ji3 e Ds fie L7 fis

MSB Lss SN
Fig. 1. SYSTEM DIAGRAM

47



ZN427E-8/J-8

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vcc

Max. Voltage, Logic and’ VREF |nputs )

Operating temperature range ..

Storage temperature range

ELECTRICAL CHARACTERISTICS (Ve = 5V T

. +7.0 volts

.. Vee
. 0°Cto +70°C (ZN427E-8)

-55°C to +125°C (ZN427J-8)

.. =65°Cto +125°C

mb = 25°C unless otherwise specified).

Min. | Typ. | Max. Units Conditions
Internal Voltage Reference
Output Voltage 2.475) 2550 | 2.625 | V Rgrer = 390Q
Cc = 1puF
Slope Resistance 0.5 2 Q REF *
Vgrer Temperature Coefficient 50 ppm/°C .
Reference Current 4 15 mA See REFERENCE
Page 4
Comparator
Input Current 1 A Vin = 3V, Rgxr = 82kQ
Input Impedance 100 kQ V_= -5V
Tail Current, lgxt 25 160 | pA
Negative Supp! y, v_ -3.0 =300 | V See COMPARATOR
Input Voltage -0.5 35 |V Page 51
Converter
Linearity Error +0.5 | LSB
Differential Non-Linearity +0.5 LSB
Linearity Error T.C. +3 ppm/°C
Differential Non-Linearity T.C. +6 ppm/°C
Full Scale (Gain) T.C. +25 ppm/°C | External Ref. 2.5V
Zero T.C. 00000000 +8 uv/°C
-
Zero Transition 101010101010103 12 15 18 mV VR EFIN= 2.560V
.. ->
F.S. Transition 11111111 25645 | 2.660 | 2.555 | V VRer In = 2.560V
Conversion Time 10 15 us
External Reference Voltage 15 30 |V
Supply Voltage (Vcc) 4.5 55 |V
Supply Current 25 40 mA
Power Consumption 125 mwW
Logic (over operating temp.)
High Level Input Voltage 2 \'
Low Level Input Voltage 08 |V
High Level Input Current 50 | wA VN = 5.5V, Ve = max.
15 | pA Vin = 2.4V, Vo = max.
High Level Input Current 100 | pA Vin=5.5V, Vcc = max.
Clock Input 30 | A Vin = 2.4V, Ve = max.
Low Level Input Current =5 | uA Vin = 0.4V, V¢ = max
High Level Qutput Current Iy -100 | A
Low Level Output Current g 1.6 | mA
High Level Output Voltage 24 \ loy = max., Ve = min.
Low Level Output Voltage 04 |V loL = max., Vgc = min.
Disabled Output Leakage 2 wA Vo = 2.4V
Max. Clock Frequency 600 900 kHz Note below
Clock Pulse Width 500 ns
Enable/Disable Delay Time 600 | ns See Fig. 10
Duration of Start
Conversion(SC) Pulse 500 ns
Input Clamp Diode Voltage -1.5 \") Iin=-8mA
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Note: 600 kHz clock corresponds to a conversion time of 15 ps (nine clock periods).



TEST CIRCUIT

«——DIGITAL OUTPUTS —mr—m——

ZN427E-8/J-8

LS8 MSB Ve
BIT8 7 6 5 . 3 2 BIT1 (+5V)
8 17 1% 15 1 13 12 n 10
Rper
1 2 3 . 5 6 7 8 9
VIN
Rext 2 RiN
(82k) < (k) o 1

EOC OUTPUT CLOCK SC V-
ENABLE 5v)

NOMINAL Ay RANGE = O TO VRpgpIN

" CREF
(1.0 F)

A egPN YegrOUT GO

5567

Fig. 2. EXTERNAL COMPONENTS FOR BASIC OPERATION

| Sw-

BT 8| 7
(Ls8)

BIT 1
+ (MSB
H 10 BIT
Sw-8 DAC
BIT 8 =
9| 10 .
MA
TRIANGLE
OITHER X
GENERATOR
\
5486 SCOPE

Fig. 3. DYNAMIC CROSSPLOT ACCURACY TEST
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Switches SW-1 to SW-8 are set to the appropriate digital code to select the point on the character-
istic to be displayed. For example, code 1000 0000 would select half full scale, i.e. the major

The output from the dither generator (suggested peak to peak amplitude = +4 x LSB) is used as
the X deflection for the scope and is also superimposed on the analogue output from the reference
D.A.C. in the summing amplifier. The resulting analogue signal including dither is used as V, for
the ZN427 under test.

Bit 8, 7 and 6 outputs are fed to the inputs of a 3 bit D.A.C. of at least 6 bit accuracy and the ana-
logue output used as the Y deflection for the scope. Differential non-linearity is shown by hori-
zontal lines which are longer or shorter than the rest.
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GENERAL CIRCUIT GUIDELINES
OPERATION

At the start of conversion the MSB is set to a 1 and all the other bits are set to 0. This produces
a voltage output from the D to A converter of (Ve (n)- This value is compared with the input
voltage, V| and a decision is made on the first (negative) clock edge to set the MSB to O if
$(Vger in) >V )y or retain a 1. Bit 2 is switched to a 1 on the same clock edge and on the next
edge a decision is made regarding Bit 2, again by comparing the D to A output with V . This
process is repeated for all eight bits so that when the End of Conversion (EOC) output goes HIGH
the digital output from the converter is a valid representation of V,y. The binary output data is
latched until the next Start Conversion (SC) pulse.

Detailed waveforms are shown in the Timing Diagram (Fig.11).

D to A CONVERTER
The converter is of the voltage switching type and uses an R-2R ladder network as shown in Fig. 4.
~ Each 2R element is connected either to OV or Vger |y by transistor voltage switches specially
designed for low offset voltage (<1 millivolt).
A binary weighted voltage is produced at the output of the R-2R ladder :
n

D to A Output = 5= (Vger In = Vos) + Vos

where n is the digital input to the D to A from the successive approximation register.

Vos is a small offset voltage that is produced by the device supply current flowing in the package
lead resistance. The value of Vgg is typically 2 mV for the ZN427E-8 (4 mV, ZN427J-8). This
offset will normally be removeg by the setting up procedure and since the offset temperature
coefficient is low (8 1V/°C) the effect on accuracy will be negligible.

The D to A output range can be considered to be 0—~Vgep |y through an output resistance R (4kQ).

R (k) R R R D 10 A OUTPUT
WA AAA— - = oo
2R 2R 2R 2R 2R
VREFlNG o 2 r ______ ®
(PIN 7) L L < VOUTAGE __o L L
SWITCHES
?P‘:%Lg" it ' T T BIm
Vos BIT8  BIT7 sz BT 5569
Fig. 4. R-2R LADDER NETWORK
REFERENCE

(a) Internal Reference

The internal reference is an active band gap circuit which is equivalent to a 2.5V Zener
diode with a very low slope impedance (Fig. 5). A resistor (Rggr) should be connected
between pins 8 and 10. The recommended value of 390Q will supply a nominal reference
current of (5.0-2.5)/0.39 = 6.4 mA, A stabilising/decoupling capacitor, Crer (1 uF), is
required between Pins 8 and 9. For internal reference operation Vg oyt (Pin 8) is connected
to VREF IN (Pin 7)-

Up to five ZN427s may be driven from one internal reference, there being no need to reduce
Rper- This useful feature saves power and gives excellent gain tracking between the con-
verters.
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Veg 45V
(PIN10)
RREF
(390n)
VREFOUT
(PIN 8)
- CReF
T (1-0pF)
GROUND
(PIN9) 5562

Fig. 5. INTERNAL VOLTAGE REFERENCE

(b) External Reference
If required an external reference voltage in the range + 1.5 to + 3.0 volts may be connected to

VRer in- The slope resistance of such a reference source should be less than 'T-, where n
is the number of converters supplied.

COMPARATOR
The ZN427 contains a fast comparator, the equivalent input circuit of which is shown in Fig. 6,

+5V, PIN10

T0 LOGIC
HIGH="RETAIN BIT*
D T0 A OUTPUT

ZN 427

+

AIN

$572

Fig. 6. COMPARATOR EQUIVALENT CIRCUIT
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The comparator derives the tail current, lgxr, for its first stage from an external resistor, Rext. which
is taken to a negative supply V_.

This arrangement allows the ZN427 to work with any negative supply in the range ~3 to —30 volts.
The ZN427 is designed to be insensitive to changes in lgxt from 25 pA to 150 pA. The suggested
nominal value of lgxy is 65 pA and a suitable value for Rgxr is given by Regxr = |V_| 15kQ.

V_ Volts Rext (£10%)
-3 47 kQ
-5 82kQ
-10 150 kQ

-12 180 kQ
-15 220 kQ
-20 330kQ
-25 390 kQ
-30 470 kQ

The output from the D to A converter is connected through the 4 kQ ladder resistance to one side of
the comparator. The analogue input to be converted could be connected directly to thé other com-
parator input (Vy, Pin 6) but for optimum stability with temperature the analogue input should
be applied through a source resistance (R |y =4 kQ) to match the ladder resistance.

ANALOGUE INPUT RANGES

The basic input range of the ZN427 is 0 to Vg |n- Other input ranges, e.g. 4-5V, +10V, 4-5V and
410V can be readily obtained by using different setting up resistors (see APPLICATIONS).

LOGIC INPUTS AND OUTPUTS

Equivalent circuits for the logic inputs and outputs are shown in figures 7, 8 and 9. The 3-state
data outputs are OFF (high impedance) when Output Enable is LOW. If EOC is connected to
Output Enable the data outputs will automatically be enabled when valid.

oVce

LOGIC
INPUT

T0
INTERNAL LOGIC

-0 GROUND
5561

Fig. 7. EQUIVALENT CIRCUIT OF ALL INPUTS
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Vee

10k

EOC

GROUND 5559
Fig. 8. EQUIVALENT CIRCUIT OF EOC OUTPUT

vee
o
: 500
20k
BITS 1-8
(PINS 11-18)
e
(PIN 2)
GROUND 0— 551

Fig. 9. EQUIVALENT CIRCUIT OF DATA OUTPUTS

-------- 3voLTS
1
/50 \ 50%
OUTPUT ' :
ENABLE I Te o ovours
oo =
[ 1 e
(50% Ko ~1001c"
DATA----- : 1 ---=1-5V0LTS
1
J 1
(10% %% - Looic v
Ti =ENABLE DELAY TIME (C{=50pF) OUTPUT LOAD +5V
Tp =DISABLE DELAY TIME (C_=10pF) ok
ouTPUT ALL
DIODES
¢ IN916
L
5566 ov

Fig. 10. OUTPUT ENABLE/DISABLE WAVEFORMS
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CONVERSION TIMING DETAILS

1:5 usMIN.
—
R
ook R
sc i
EOC A —
MSB,\ 72 |+—MSB DECISION 0
: A 1
3 722 [ 1
A 7272 1 0
5 i) J1 0
6 2 J 1
7 ) B
8 7z [ |+-LSB DECISION 0

5560

Fig. 11. TIMING DIAGRAM

Notes on Timing Diagram

1.

~ [~ 26 ] & W N

gonverosion is initiated by a Start Conversion (SC) pulse which sets the MSB to 1 and all other
itsto 0.

. To allow for MSB settling, the first active (negative going) edge of Clock pulse after the SC pulse

should not occur until at least 1.5 ps after the negative edge of the SC pulse.

. The positive edge of the SC pulse should not occur within 200 ns of an active clock edge.
. As a special case of conditions (2) and (3) the SC pulse may be coincident with and of the same

duration as a negative going clock pulse.
Cross hatching indicates a ‘don‘t care’ condition.

. The output data is valid when End of Conversion (EOC) goes HIGH and remains latched until

the next SC pulse.

The conversion sequence shown is for the digital word 01100110. For clarity the digital out-
puts are shown enabled during the conversion. Normally the outputs will be disabled during
conversion and enabled after EOC goes HIGH.

APPLICATIONS

1.

Unipolar Operation

The basic connection of the ZN427 (Fig. 2) will accept an input signal from 0 to Vgee |y
whiti.l}in some applications can be made directly available from previous conditioning/scaling
amplifiers.

Other input ranges can be obtained by connecting a simple resistor network to V5 (Pin 6) as
shown in Fig. 12. The values of R; and R, are chosen so that V| = Vggg |y When the Analogue
Input (A, y) is at full scale. The resulting full scale range is given by

R1
AN FS = (1 + z3). Vrer iN = G- VRer N
To match the ladder resistance Ry//R5 (& R)y) = 4 kQ.

The required nominal values of Ry and R, are given by Ry = 4G kQ, R, = é%— k.
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VRgF IN
AKNH
ZERQSIM
ADJUST
<
mg
680k
V)
INle Z2Ne27
< 9

Rﬁ GROUND

5557

Fig. 12. UNIPOLAR OPERATION — GENERAL CONNECTION

Usizng thelse relationships a table of nominal values of R, and R, can be constructed for Vggg N
= 2.5 volts.

Input Range G R, R,
+5V 2 8k 8k
+10V 4 16 kQ 5.33kQ

f&r g:ig)setting R, is adjusted about its nominal value. Components for zero adjust are as shown
=1.5).

Practical circuit realisations for + 5V and + 10V input ranges are given in Fig. 13.

AIN VRerIN AIN VRerIN

Sk
GAIN
ADJUST

5k6

TOPIN 6 TOPIN 6
8k2

+ 2%, RESISTORS
* 20% POTENTIOMETERS

5565

+ 5 VOLTS FULL SCALE +10 VOLTS FULL SCALE
Fig. 13. UNIPOLAR OPERATION - COMPONENT VALUES
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Unipolar Adjustment Procedure

(i) Apply continuous SC pulses at intervals long enough to allow a complete conversion and
monitor the digital outputs.

(ii) Apply full scale minus 14 LSB to A and adjust gam until Bit 8 (LSB) output just flickers
between 0 and 1 with all other bits at 1.

(iii) Apgly % LSB to A and adjust zero until Bit 8 just fhckers between 0 and 1 with all other bits
at 0.

UNIPOLAR SETTING-UP POINTS

Input Range, +FS 4 LSB FS-14 LSB
+5V 9.8 mV 4.9707 volts
+10V 19.5 mV 9.9414 volts
FS
1LSB = 756
UNIPOLAR LOGIC CODING
Analogue Input (A,y) Output Code
(Nominal code centre value) (Binary)
FS -1 LSB 11111111
FS -2 LSB 11111110
FS 11000000
FS 4+ 1 LSB 10000001
FS 10000000
FS—-1LSB 01111111
FS 01000000
1LSB 00000001
0 i 00000000

2. Bipolar Operation

For bipolar operation the input to the ZN427 is offset by half full scale by connecting a resistor
Rs between VREF IN and le (Fig. 14).

V IN
REF
AINo—

<

RIS  R3

>

7
6 ZN&27

9
RZ% GROUND

5558
Fig. 14. BIPOLAR OPERATION — GENERAL CONNECTION

VIN
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When A,y = —FS, V| needs to be equal to zero.
When Ay = +FS, V| needs to be equal to Vgeg |n-

If the full scale range is +G. Vger |n then Ry = (G-1). R, and Ry = G. Rj fulfil the required
conditions.

To match the ladder resistance Ry//Ry//R3 (= R N) = 4 kQ.
;l;(tg the nominal values of Ry, Ry, R3 are given by Ry, = 8 GkQ, Ry = 8G/(G-1)kQ, Rz =

Abipolarinputrange of +-Vgeg |y (Which correspondsto the basic unipolarrange 0to +Vger 1n)
resultsif R, = Rg — 8 kQand Ry = o.

Assuming that Vger iy = 2.5 volts the nominal values of resistors for +-5V and +10V input
ranges are given in tr\e following table.

Input Range G R4 Ry R3
+5V 2 16 kQ 16 kQ 8 kQ
+10V 4 32k | 10.66 kQ 8kQ

Minus full scale (offset) is set by adjusting R, about its nominal value relative to Ry. Plus full
scale (gain) is set by adjusting R, relative to R;.

Practical circuit realisations are given in Fig. 15.
AIN VREFIN AIN VREFIN

10k
OFFSET
ADJUST

Sk
OFFSET
ADJUST

T PING

Sk 0 PIN 6 5k
GAIN GAIN
ADJUST ADJUST
+ 27 RESISTORS
*20% POTENTIOMETERS
13 8Kk2
ss70
£5 VOLTS FULL SCALE 110 VOUTS FULL SCALE

Fig. 16. BIPOLAR OPERATION — COMPONENT VALUES

Note that in the +-5V case R has been chosen as 7.5 kQ (instead of 8.2 kQ) to get a more sym-
metrical range of adjustment using standard potentiometers.

Bipolar Adjustment Procedure
(i) Apply continuous SC pulses at intervals long enough to allow a complete conversion and
monitor the digital outputs.

(i) Apply—(FS — * LSB) to A, and adjust offset until the Bit 8 (LSB) output just flickers between
0 and 1 with all other bits at 0.

(iii) Apply 4 (FS - 14 LSB) to A,y and adjust gain until Bit 8 just flickers between 0 and 1 with all
other bitsat 1.

(iv) Repeatstep (ii).
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BIPOLAR SETTING-UP POINTS

Input Range, +FS —(FS -4 LSB) +(FS-14 LSB)
+5V —-4.9805V +4.9414V
+10V -9.9609V +9.8828V
2FS
1LSB= 356

BIPOLAR LOGIC CODING

Analogue Input (A;y)
(Nominal code centre va'i‘ue)

Output Code
(Offset Binary)

+(FS -1 LSB)
+(FS -2 LSB)
+4FS
+1LsB

0

-1LSB

—? FS

-(FS-11LsB)
FS

11111111
11111110
11000000
10000001
10000000
01111111
01000000
00000001
00000000

3. Single 5 Volit Supply Rail Operation

The ZN427 takes very little power from the negative rail and so a suitable negative supply can be
generated very easily using a ‘diode pump’ circuit. The circuit shown in Fig. 16 works with any

clock frequency from 10 kHz to 1 MHz and can supply up to five ZN427s.

+5Vo—

100pF 6k8
CLOCK

(TTL LEVELS)

Z1X
510

0-68uF  IN9IL

+

Z7X IN9IL F]
30

10
OTHER
L27's
10
v- REXT
5 IN&27
(=-3-5V) 56k
9 3
r 6-8uf

ovo

5585

Fig. 16. SINGLE 5 VOLT SUPPLY OPERATION

4. Ratiometric Operation

If the output from a transducer varies with its supply then an external reference for the ZN427
should be derived from the same supply. The external reference can vary from +1.5 volts to
+3.0 volts. The ZN427 will still operate if VSEF |N is less than +1.5 volts but reduced overdrive

to the comparator will increase its delay and so the conversion time will need to be increased.
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PIN CONNECTIONS

END OF
CONVERSION!
OUTPUT
enasie 2
crock 3|
START
CONVERSION <]
Rext 5[
vin 6]
VREF IN 1]

vRer outs [

GRouND 9 [ |

U

[ Jreirewse
[ 11787
e Bir6
Jiseits
11 Bits
[J13eis
12 82

[ In Bit1(MsB)

[J10vcct+svolts)
5832

CHIP DIMENSIONS AND LAYOUT

92 MIL
5%
ao @® ~
=g [=]
2 = =
32 235 =
| [ |
CLOCK—
sC— —8IT6
—BITS
Rextr — 124 MIL
—BIT4
VINTT
VaepIN—
REF —BIT3
—BIT2
| | 11
- o Q =~ [+ 23]
3 & 3 =3
w oF
w
ax
>
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D to A CONVERTER

FERRANTI JNA28E.8

semiconductors 7N428J-8

8 Bit Latched Input Monolithic D to A Converter

FEATURES

@ Contains DAC with data latch and on-chip reference.

® Guaranteed monotonic over the full operating temperature range
® Single +5V supply

® TTL and 5V CMOS compatible

@ 800 ns settling time

® ZN428E-8 Commercial temperature range 0°Cto +70°C

® ZN428J-8 Military temperature range -565°C to +1256°C

GENERAL DESCRIPTION
The ZN428 is a Monolithic 8 bit D to A converter with input latches to facilitate up-
dating from a data bus. The latch is transparent when Enable is LOW and the data is
held when Enable is taken HIGH. The ZN428 also contains a 2.5 volt reference the use
of which is pin optional to retain flexibility. An external fixed or varying reference may
therefore be substituted.

ANALOGUE

VREF OUT ] R-2R LADDER 5 QUTPUT
+25V
ANALOGUE REE
NAL T
o v
GROUND ) SWITCHES 3 REF IN
+VCC0—-1—0
DIGITAL ENABLE
GROUND 5 DATA LATCH 7
21 11 6] ©| 14| 3] 12| 11

é 6 ¢ o6 & 0 ¢
BIT8 7 6 5 4 3 2 BIT1(MSB) 5435/3
Fig. 1 SYSTEM DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
Supply voltage Ve

Max. voltage, logic and Vggg mput
Operating temperature range

Storage temperature range

Analogue Ground to Digital Ground ..

.. +7.0 volts
s +VCC

. 0°C to +-70°C (ZN428E-8)
-55°C to +-125°C (ZN428J-8)

..-55°Cto +1256°C
. £200 mV

ELECTRICAL CHARACTERISTICS (Ve = +5 volts, To, = 25°C unless otherwise specified).

Parameter Min. | Typ. | Max. | Units Conditions
Internal Voltage
Reference
Output voltage 2475 | 2.550 | 2.625 | volts }RREF — 3900
Slope resistance 0.5 2 |a Crer=1uF
VREF ouT T.C. 50 ppm/ °C
Reference current 4 15 mA Note 1
D to A Converter
Linearity error +0.5 | LSB 2.0V <Vger v $3.0V
Differential non-linearity +0.5 LSB
Linearity error T.C. +3 ppm/°C
Differential non-linearity T.C. +6 ppm/°C
Offset voltage 2 5 mV All bits OFF
Offset voltage T.C. +6 uV/°C
Full scale output 2.545 | 2.650 | 2.6565 External reference
VR F IN = 2. 560V0|t8
Full scale output T.C. 2 ppm/°C] J all bits ON
Analogue output resistance 4 kQ
External reference voltage (] 3.0 | volts
Settling time to 0.5 LSB 800 ns 1 LSB Major Transition
(Note 2
1.25 us All bits ON to OFF or
OFF to ON (Note 2)
Operating temperature range :
N428E-8 0 70 | C
ZN428J-8 -55 126 | C
Supply voltage (Vcc) 4.5 5.0 55 | volts

Note 1 See REFERENCE, page 64.
Note 2 R, =10 MQ, C_ = 10 pF.
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ELECTRICAL CHARACTERISTICS (continued)

ZN428E-8/J-8

Min. | Typ. | Max. | Units Conditions
Supply current 20 30 mA Note 3
Power consumption 100 mwW
Logic
(over specified operating
temperature range)
High level input voltage 2.0 \'
Low level input voltage 08 |V
High level input current 60 | uA Vin = 5.5V
ch = Max.
20 | uA VN = 2.4V
VCC = Max
Low level input current -5 | vA Vin = 0.4V
Vcc = Max
Input Clamp Diode Voltage -1.5 \) iy =-8mA
Enable pulse width 100 ns
Data set-up time 150 ns Note 4
Data hold time 10 ns Note 5

Note 3 All inputs HIGH (V,y = 3.5 volts).

Note 4 Set up time before Enable goes high.
Note 5 Hold time after Enable goes high.

D to A CONVERTER

The converter is of the voltage switching type and uses an R-2R ladder network as shown in Fig. 2.

Each 2R element is connected to OV

orV

EF 1N by transistor voltage switches specially designed

for low offset voltage (<1 millivolt). A binary weighted voltage is produced at the output of the

R-2R ladder.
R(4ka) R R R D TO A OUTPUT
AN AMA— — = — =
ézn 2R 2R 2R 2R
VREF IN . . o _
IN 6) L L —_ VOLTAGE _.L L
SWITCHES

ANALOGUE

G?&%Ng) ° v'(') N BT8  BIT7 BITZ  BITI (MSB)

s823/1

Fig. 2. The R-2R Ladder Network
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n
Analogue Output = 5z (Vger 1N —Vos) +Vos
where n is the digital input to the D to A from the data latch.

Vos is a small offset voltage produced by the D to A switch currents flowing through the package
lead resistance. The value of Vg is tyically 1 mV. This offset will normally be removed by the setting
up procedure (see APPLICATIONS section) and because the offset temperature coefficient is low
(£6 1V/°C) the effect on accuracy is negligible.

| puteien i |

! | ANALOGUE

! R(4ka) ! OUTPUT

] AMA 1 5 o

' 1

1 }
|

[

" T T VREF IN 1 %RL
|

I ANALOGUE

! ; GROUND

: C

L___2ZN428 __ _ se2t

Fig. 3. Analogue Output Equivalent Circuit

Fig. 3 shows an equivalent circuit of the output (ignoring Vo). The output resistance R has a
temperature coefficient of +0.2% per °C.

0.2R .
RTR, % per °C

RL should be chosen to be as large as possible to make the gain drift small. As an example if R =
400 kQ then the gain drift due to the T.C. of R for a 100°C change in ambient temperature wil"be

less tht;n 0.2%. Alternatively the ZN428 can be buffered by an amplifier (see APPLICATIONS
section).

The gain drift due to this is

REFERENCE
(a) Internal Reference

The internal reference is an active band gap circuit which is equivalent to a 2.5 volt Zener
diode with a very low slope impedance (Fig. 4). A resistor (Rggg), should be connected
between +V¢c (pin 10) and pin 7. The recommended value of 3900 will supply a nominal
reference current of (5.0-2.5)/0.39 = 6.4 mA. A stabilising/decoupling capacitor, Crer =
1 uF is required between pins 7 and 8 for internal reference .operation, Vgeg out (Pin 7)
being connected to Vger |n (Pin 6).

Up to five ZN428s may be driven from one internal reference (there is no need to reduce Rggg)

This useful feature saves power and gives excellent gain tracking between the converters.
(b) External Reference

If required an external reference voltage may be connected to Vpefr |n- The slope resistance of

such a reference source should belessthan -n—5 0, where n is the number of converters supplied.

VRer 1N €an be varied from 0 to 43 volts for ratiometric operation. The ZN428 is guaranteed
monotonic for Vpgg | above 2 volts.
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Vee + 5V
(PIN 10)
RReF

(3904)

VREF OUT
®PIN 7)

CREF

(10F)

(PIN 8) sers

Fig. 4. Internal Voltage Reference

LOGIC

Input coding is binary for unipolar operation and offset binary for bipolar operation. When the
Enable input is low the data inputs drive the D to A directly. When Enable goes high the input data
word is held in the data latch. N

The equivalent circuit for the data and clock inputs is shown in Fig. 5.

The ZN428 is provided with separate analogue and digital ground connections. The circuit will
operate correctly with as much as +-200 mV between the two grounds.

-0 Vcc
INPUT
y ﬁ”ﬁ
TO INTERNAL
?: LOGIC
DIGITAL
— GROUND

5826

Fig. 5. Equivalent Circuit of All Inputs
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APPLICATIONS

(1) Unipolar D to A Converter

The nominal output range of the ZN428 is 0 to Vg ef ; through a 4 kQ resistance. Other output
ranges can readily be obtained by using an externa{ amplifier.

The general scheme (Fig. 6) is suitable for amplifiers with input bias currents less than 1.5 pA.
The resulting full scale range is given by

R1
Vout FS= (1 + R_z) VRer IN = G. VRer IN

The impedance at the inverting input is R1//R2 and for low drift with temperature this parallel
combination should be equal to the ladder resistance (4 kQ2). The required nominal values of R1
and R2 are given by R1 = 4G kQ and R, = 4G/(G-1) kQ.

Using these relationships a table of nominal resistance values for Ry and R, can be constructed
for VREF IN= 2.5 volts.

Output Range G R4 Ry
+5V 2 8kQ 8kQ
+10V 4 16kQ 5.33k2

For gain setting R, is adjusted about its nominal value. Practical circuit realisations (including
amplifier stabilising components) for +5V and +10V output ranges are given in Fig. 7.
Settling time for a major transition is 1.5 us typical. .

INPUT DATA
LSB MSB
A
1 16
2 15 Rq
ENABLE 1
(3 ) -
IN|2 "
VREF Ut 110' o0 OUTPUT
8 9
CRrer
|uF 4
+5 VOLTS
5827

Fig. 6. Unipolar operation — Basic Circuit
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+10V +15V,

*2°|, RESISTORS
+20°/, POTENTIOMETERS

47ka 0-01uF 0-01uF
39a
FRQM ZN 428 FROM ZN 428
OUTPUT(PINS) 4 OUTPUT (PINS) 4
M ANALOGUE ANALOGUE
3 OUTPUT OUTPUT
_ 56ka | Sitka
S
GAIN GAIN
5ka ADJUST nknADJUST
82ka 56ka
! )
-0V -15V
+5 VOLTS FULL SCALE 410 VOLTS FULL SCALE se28

Fig. 7. Unipolar Operation — Component Values

UNIPOLAR ADJUSTMENT PROCEDURE

(i) Set all bits to OFF (low) with Enable low and adjust zero until Vgt = 0.0000V.
(ii) Set all bits ON (high) and adjust gain until Vo1 = FS -1 LSB.

UNIPOLAR SETTING UP POINTS

Output Range, +FS LSB FS—1LSB
+5V 19.5 mV 4.9805V 1LSB = %
+10V 39.1 mV 9.9609V

UNIPOLAR LOGIC CODING

Input Code Analogue Output
(Binary) (Nominal value)

11111111 FS -1LSB

11111110 FS - 2LSB

11000000 FS

10000001 FS + 1LSB

10000000 FS

01111111 FS - 1LSB

01000000 FS

00000001 1LSB

00000000 0
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(2) Bipolar D to A Converter

Fon: bipolar operation the output from the ZN428 is offset by half full scale by connecting a
resistor R3 between Vger (y and the inverting input of the buffer amplifier (Fig. 8).

VREF IN

— VA
@ ——o0 QUTPUT

FROM ZN 428
oUTPUT (PIN 5) svaq

e e

Fig. 8. Bipolar Operation — Basic Circuit

When the digital input to the ZN428 is zero the analogue output is zero and the amplifier
output should be —Full scale. An input of all ones to the D to A will give a ZN428 output of
Vger 1n and the amplifier output required is -+ Full scale. Also, to match the ladder resistance
the parallel combination of Ry, R; and R3 should be 4 kQ.

The nominal values of Ry. R, and R3 which meet these conditions are given by
R; = 8G kQ, R, = 8G/(G-1) kQ and Ry = 8 k2
where the resultant output range is +-G Vggg |n-

A bipolar output range of +V (which corresponds to the basic unipolar range O to
REF, 1‘: n

VRer In) isobtainedif Ry = R; = 8kQandR; = .
Assuming that Vpeg |y = 2.5 volts the nominal values of resistors for 4-5V and 110V output
ranges are given in the following table :
Output Range G R4 R, R3
35V 2 16 kQ 16 kQ 8kQ
+10V 4 32kQ 10.66 kQ 8kQ

Minus full scale (offset) is set by adjusting R4 about its nominal value relative to R3. Plus full
scale (gain) is set by adjusting R, relative to R,.

Practical circuit realisations are given in Fig. 9. Note that in the -5V case R3 has been chosen

as 7.5 kQ (instead of 8.2 kQ) to get a more symmetrical range of adjustment using standard
potentiometers. Settling time for a major transition is 1.5 us typical.
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+10V

0-01uF

+ 2, RESISTORS
+20%, POTENTIOME TERS

ZN428E-8/J-8

+15Vv

f
Jl 2200 pF

FROM ZN 428 390 FROM ZN 428
OUTPUT(PIN 5) ISy ouTPUT (PIN 5) A
ZN 42 ANALOGLE ZNa24P ANALOGUE
N
3 OUTPUT 3 OUTPUT
4 13ka /‘ 27ka
OFF SET OFFSET
Ska ADJUST 0ka ApjusT
(-FULL SCALE) (~FuLL SCALE)
J 13ka L 8-2kn
S 82ka
2 75kan
1 Ska A%::JNST Ska AgigT
4 (*FULL SCALE) ! (+FULL SCALE)
VREFIN  -10v VREF IN -5V

5 VOLTS FULL SCALE

* 10 VOLTS FULL SCALE

Fig. 9. Bipolar Operation — Component Values

Bipolar Adjustment Procedure

se30

(1) Set allS bits to OFF (low) with Enable low and adjust offset until the amplifier output reads

—Full Scale.

(2) ?Ets gl)l bits ON (high) and adjust gain until the amplifier output reads + (Full Scale —

BIPOLAR SETTING UP POINTS

Input Range, 4+-FS LSB —FS + (FS-1LSB)
+5V 39.1 mV -5.0000V | +4.9609V 1LSB = 2FS
256
+10V 78.1 mV | -10.0000V | +9.9219V
BIPOLAR LOGIC CODING
Input Code Analogue Output
(Offset Binary) (Nominal Value)
1111111 + (FS-1LSB)
11111110 + (FS - 2LSB)
11000000 +3FS
10000001 +1LSB
10000000 0
01111111 -1LSB
01000000 —4FS
00000001 —(FS—-1LSB)
00000000 -FS
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PIN CONNECTIONS

Bit71 [ U Jesits
Bit82 [ | [ J15Bit S
N.C.3 e Bits
ENABLE 4 [ J13Bit3
Analogue output S[j :llz Bit 2
1 ;IllBil 1(MSB)
VREF OUT 7 [: gtO*Vcc(-rS volts)
Analogue ground 8 E j 9 Digital ground
sy

CHIP DIMENSIONS AND LAYOUT

92 MIL
o
I
= ©o&ge 2
@ x 6O @ o
I | I |

ENABLE — —BIT &
—BIT 3 [124MIL
ANALOGUE __
ourPur
VRer IN—

-—BIT 2

6222

VRgF OUT—

ANALOGUE __
GND

BIT | =—
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FERRANTI D-A CONVERTER

semiconductors ZN429 Series

Low Cost 8 Bit Monolithic D to A Converter

FEATURES

® 8, 7 and 6-bit Accuracy

©® ZN429E Series Commercial Temp. Range 0°C to +70°C
©® ZN429J-8 Military Temp. Range -55°C to +125°C

® TTL and 5V CMOS Compatible

@ Single 45V Supply

® Settling Time 1 usec. Typical

@ Designed for low-cost applications

DESCRIPTION

The ZN429 is a monolithic 8-bit digital to analogue converter containing an R-2R ladder
network of diffused resistors with precision bipolar switches.

- 4___ANALOGUE
. R-2R LADDER oAUTPuT
0V o—-
YRR
VREF 5
[REf oS SWITCHES |
2 ozt 23
0600606600
BIT87 6 5 4 3 2BIT 1(MSB)
DIGITAL INPUTS 5996

Fig. 1. System Diagram
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ZN429 Series

INTRODUCTION

The ZN429 is an 8-bit digital to analogue converter. It contains an advanced design of R-2R ladder
network and an array of precision bipolar switches on a single monolithic chip.

The special design of ladder network results in full 8-bit accuracy using normal diffused resistors.

Thle:_cogverter is of the voltage switching type and uses an R-2R resistor ladder network as shown
in Fig. 2.

R(10kn) R R R PIN &
------ ANALOGUE
OUTPUT
g 2R 2R 2R 2R 2R
VREF ) )
INPUTS T T I .-~
L L < VOLTAGE
SWITCHES
0 VoLTIS o—pbt & 4 ]
Vo 18 BIT7 gz B
(05 BIT 8 | MSB 6000

Fig. 2. The R-2R Ladder Network

Each 2R element is connected either to OV or Vg g by transistor switches specially designed for low
offset voltage (typically 1 millivolt).

Binary weighted voltages are produced at the output of the R-2R ladder, the value depending on the
digital number applied to the bitinputs.

é\n external fixed or varying reference is required which should have a slope resistance less than
ohms.

Suggested external reference sources are the ZN404 or one of the ZN458 range. Each ZN404 is
capable of supplying up to five ZN429 circuits and this is increased to ten for the ZN458 range.

ORDERING INFORMATION

Operating Temperature | 8-bit accuracy 7-bit accuracy 6-bit accuracy Package
0to +70°C ZN429E-8 ZNA429E-7 ZN429E-6 Plastic
-55to +125°C ZN429J-8 — — Ceramic
ABSOLUTE MAXIMUM RATINGS
Supply voltage Vee .. . .. +7.0 volts
Makx. voltage, logic and Vggf inputs +5.5 volts

Storage temperature range . .

72
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ZN429 Series

CHARACTERISTICS (at T,,,p = 25°C and V¢ = +5 volts unless otherwise specified).

Parameter Symbol | Min. | Typ. | Max. Units Conditions
Converter .
Resolution 8 — — bits
Accuracy (useful resolution . .
ZN429J-8 8 — — bits VRgEer input
ZN429E-8 = 2.0to 3.0 volts
ZN429E-7 7 — — bits
ZN429E-6 6 — — bits
Non-linearity — — | £05 | LS.B. | Note?
Differential non-linearity — +0.5 — L.S.B. Note 2
Settling time to 0.5 L.S.B. — 1.0 — T3 1 L.S.B. step
Settling time to 0.5 L.S.B. — 2.0 — us All bits ON to OFF|
or OFF to ON
Offset voltage ZN429J-8 | Vg — 5.0 80 | mV All bits OFF
ZN429E-8 Note 1
ZN429E-7 — 3.0 50 | mV
ZN429E-6
Vos temperature coefficient —_ 5 —_ wVv/°C
Full scale output 2.545 | 2.5650 | 2.555 | volts All bits ON
Ext. VREF =
2.560V
Full scale temp. coefficient — 3 — ppm/°C | Ext. Vggr=
2.560V
Non-linearity temp. coeff. — 7.5 — ppm/°C | Relativeto F.S.R.

Notes:

1. The ZN429J-8 differs from the ZN429E-8 in the following respects:

(a) Forthe ZN429J-8, the maximum linearity error may increase to 4-0.4% FSRi.e. +-1 LSB over
the temperature ranges -55°C to 0°C and 4+-70°C to +125°C.

(b) Offset voltage. The difference is due to package lead resistance. This offset will normally be
removed by the setting up procedure, and because the offset temperature coefficient is low,
the specified accuracy will be maintained.

2. Monotonic over full temperature range at resolution appropriate to accuracy.
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CHARACTERISTICS (continued)

Parameter Symbol | Min. | Typ. | Max. Units Conditions

Analogue output resistance Ro — 10 —_ kQ

External reference voltage 0 — 3.0 | volts

Supply voltage Vee 4.5 — 5.5 | volts

Supply current Ig — 5 9 mA

High level input voltage Vin 2.0 — — | volts

Low level input voltage ViL — — 0.7 | volts

High level input current lin — — 10 | pA Vec = max.,
V=24V

— — 100 | pA ¥f?—- —_é .rsn\xlax..

Low level input current I — — | -0.18 | mA Vgc = max.,

V=03V
APPLICATIONS

1. 8-bit D to A Converter

The ZN429 gives an analogue voltage output directly from pin 4 therefore the usual current to
voltage converting amplifier is not required. The output voltage drift, due to the temperature
coefficient of the Analogue Output Resistance R,, will be less than 0.004% per. °C (or 1 L.S.B./
100°C) if R_is chosen to be >650 kQ

In order to remove the offset voltage and to calibrate the converter a buffer amplifier is necessary.
Fig. 3 shows a typical scheme using the internal reference voltage. To minimise temperature drift in
this and similar applications the source resistance to the inverting input of the operational amplifier
should be approximately 6 kQ. The calibration procedure is as follows :

i. Set all bits to OFF (low) and adjust R, until V. = 0.000V. »
ii. Set all bits to ON (high) and adjust R4 until V. = Nominal full scale reading —1 L.S.B.
iii. Repeat i. and ii. )

e.g. Set F.S.R. to +3.840 volts — 1 L.S.B.
= 3.825 volts

(1 LSB. = %‘g — 15.0 millivolts)
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+5V
\w
Bit 3—{1 1
Bit 2—{2 Bf—8its
Bit1—3 12— Bit5 -
4 11— Bit6
VREF IN 5 10}— Bit7
(2.5V NOMINAL) n.cls 9 Bit8
7 8 N.C.
IN&29
ov :
,l, -5V 5997

Fig. 3. 8-bit Digital to Analogue Converter

Alternative Output Buffer using the ZLD741

The following circuit, employing the ZLD741 operational amplifier, may be used as the output
buffer (Fig. 3).

-5y
ZN&29 5N

N o—— 3,
Pin &4 10
ZLD741CE 3

4
6 |°10k 6-8kn
Set zero
Skn
-8y Set F.SR.
18k
5998

Fig. 4. The ZLD741 as Output Buffer
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Bit3 1

Bit2 2 [

MsB)git1 3 [

Analogue Output 4 [:

VREF IN 5 E

NC.s [

ov 7

PIN CONNECTIONS

o U

[ ] 14 +Vec 5 volts)
513 Bit &
]2 BitS
] sits
[ ] 10 Bit?

[ ] 9 8it8i(LSR)

BEXXS

5999

CHIP DIMENSIONS AND LAYOUT

67 MIL
ANALOGUE BIT1
ouTPUT (MSB)
VREFIN—™
—BIT 2
. i 1l —BIT 3 84 MIL

GND — U 1

.FFFF’I—'- -
BIT 8~ —BIT4

BIT 7 BiT6 BITS s22%
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A to D CONVERTER

ZN432 Series

FERRANTI

semiconductors

10-Bit Successive Approximation Monolithic A/D Converter

FEATURES

10, 9 and 8-Bit Accuracies

3 Operating Temperature Ranges

20 s Conversion Time Guaranteed
Input Range as Desired

+5V Supplies, TTL/CMOS Compatible
Parallel and Serial Outputs

Bipolar Monolithic Construction

DESCRIPTION

The ZN432 range of successive approximation analogue to digital converters combine
several innovations to provide this function on a fully monolithic silicon integrated
circuit. The chip contains a current switching array using a matrix of diffused resistors
(no trim required), successive approximation logic with TTL interfacing, 2.5V precision
voltage reference with reference amplifier, and fast comparator with good overload
recovery. The overall accuracy of the A-D system is sufficient to provide guaranteed
monotonicity over the operating temperature range.
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Fig. 1~ INTEGRATED CIRCUIT BLOCK DIAGRAM
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Fig. 2—-TYPICAL EXTERNAL COMPONENTS

ORDERING INFORMATION

Operating Temperature | 10-bit accuracy | 9-bit accuracy | 8-bit accuracy Package
-55 to +125°C ZN432J-10 ZN432J-9 ZN432J-8 Ceramic
-40 to +85°C ZN432BJ-10 ZN432BJ-9 ZN432BJ-8 Ceramic

0to +70°C ZN432CJ-10 ZN432CJ-9 ZN432CJ-8 Ceramic




ZNA432 Series

ABSOLUTE MAXIMUM RATINGS

Supply Voltages .. .. .. .. .. Z7volts
Logic Input Voltage .. .. .. +Vcc and OV
Storage Temperature Range . -55°Cto +125°C
CHARACTERISTICS (at + 5V supplies and internal reference unless otherwise specified).
t = +25°C Over Spec.
amb Temp. Rarige
Parameter Version Units | Conds.
Min. | Typ. | Max. | Min. | Max.
CONVERTER
Accuracy ZN432J-10
(useful ZN432BJ-10 10 10 Bits Note 1
resolution) ZN432CJ-10
ZNA432J-9
ZN432BJ-9 9 9 Bits
‘| ZN432CJ-9
ZN432J-8
ZN432BJ-8 8 8 Bits
ZN432CJ-8
Non-linearity All types +0.5 LSB
Differential
non-linearity All types +0.5 LSB Note 1
Operating ZN432J-10
temp. range ZN432J-9 -65 | +125| °C
ZN432J-8
ZN432BJ-10
ZN432BJ-9 -40 | +85 | °C
ZN432BJ-8
ZN432CJ-10
ZN432CJ-9 0 +70 | °C
ZN432CJ-8
D to A reference
current, Igee
(pin 9) All types 0.25 1.0 0.25 1.0 | mA Note 6
Conversion time | All types 15 20 20 us Note 2
Nominal analo- | All types -25 +2.5 v Note 3
gue input range
Supply rejection | All types 0.1 % per V
Gain error All types +0.05 % Note 4

79



ZN432 Series

CHARACTERISTICS (continued)

tamp = +25°C Over Spec.
Temp. Range
Parameter Version Units | Conds.
: Min. | Typ. | Max. | Min. | Max.
Gain temperature | ZN432J-10
coefficient ZN432BJ-10 10 ppm/°C
(Note 4) ZN432CJ-10
ZN432J-9
ZN432BJ-9
ZN432CJ-9 20 ppm/*C
ZN432J-8
ZN432BJ-8
ZN432CJ-8
Zero temperature | ZN432J-10
coefficient ZN432BJ-10 7 ppm/°C
ZN432CJ-10 of FSR
ZN432J-9
ZN432BJ-9
ZN432CJ-9 15 ppm/°C
ZNA432J-8 of FSR
ZN432BJ-8
ZN432CJ-8
Supply voitage All types +45| +5 | +£55| +45| 465 | V
Supply current All types 35 mA
Power
consumption All types 350 mwW
INTERNAL
VOLTAGE
REFERENCE
Output voltage All types 2.480 v
Output voltage
tolerance ZN432J-10
(Note 5) ZN432BJ-10 +1.5 %
ZN432CJ-10
ZN432J-9
ZN432BJ-9 +2.0 %
ZN432CJ-9
ZN432J-8
ZN432BJ-8 +5.0 %
ZN432CJ-8
Slope impedance | All types 0.75 Q
Maximum
Reference +2 mA
load current




ZN432 Series

CHARACTERISTICS (continued)

tamb = +25°C Over Spec.
Temp. Range
Parameter Version Units Conditions
Min. | Typ. | Max. | Min. | Max.
LOGIC All
types
High level
input voltage 20 2.0 Vv
Low level
input voltage 0.8 08 |V
High level 7 rA Vg = +5.5V
input current V, =24V
50 A Vg = +56.5V
V, = 5.5V
Low level 1 uA Vg = +5.5V
input current V, =04V
High level 24 24 \ lioad = =40 A
output voltage
Low level 0.4 04 |V lioag = 1.6 MA
output voltage _

NOTE 1. No missing codes over full temperature range at resolution appropriate to accuracy.

NOTE 2. This corresponds to a maximum clock rate of 550 kHz based on 11 clock periods per
conversion cycle (see timing diagram, page 84). This provides an update rate of 45 kHz.

NOTE 3. Single polarity and other input ranges may be provided by different input resistor values.
(see page 7)

NOTE 4. Excluding reference.
NOTE 5. For typical temperature performance see Fig. 6, page 85.

NOTE 6. The full scale D to A output current lgyt = 4 times lgge. For optimum performance
'REF = 0.5 mA.
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TEST CIRCUIT
+5v
<
j SW-1
BIT 1
T(MSB
i 12 BIT
: REFERENCE —— A ———
SW-IOE DAC
i BIT10 > ZNe32
- UNDER
nf 2 + 1EST
2 BiT10] 9of 8] [status
- s8)
CLK
M
TRIANGLE LATCH
DITHER
GENERATOR X
Y 3 BIT
D10 A
5430 SCOPE

Fig. 3—- DYNAMIC CROSSPLOT ACCURACY TEST

Switches SW-1 to SW-10 are set to the appropriate digital code to select the point on the character-
isti¢ to be displayed. For example, code 10000 00000 would select half full scale, i.e. the major
transition.

he output from the dither generator (suggested peak to peak amplitude = +4 x L.S.B.) is used
as the X deflection for the scope and is also superimposed on the analogue output from the reference

D.A.C.in the summing amplifier. The resulting analogue signal including dither is used as V,, for the
ZN432 under test.

Bit 10, 9 and 8 outputs are fed to the inputs of a 3-bit D.A.C. of at least 6-bit accuracy and the

_analogue output used as the Y deflection for the scope. Differential non-linearity is shown by
horizontal lines which are longer or shorter than the rest.
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CALCULATION OF EXTERNAL RESISTORS (See Fig. 2, page 78).

1. Ra, R4 Rg can affect gain and offset stability and thus require to be of high quality.

2. R, and R, are to allow for the bias current of the reference amplifier and comparator, thus:

w

Therefore
lout Fs is four times g, i.e., 2 MA

3
And R, = parallel combination of R4, Rg and Rg.

. lREF should be 0.6 mA

R1 = R
R. — VREF
37 0.6mA

4. Analysing the network yields the following:

[+

Ry=

Rg

—VRer Rg
Vin min

_ Vin max = Vijy min

lout s

Where V;,, max is the voltage for the logic output to be all 1°s.
V;, min is the voltage for the logic output to be all 0’s.

6. The following is a table of values to give examples of the above equations.

. Rg should be chosen such that the parallel combination of R4, Rg and Rg is about 1.25 kQ as this
determines the D to A time constant and hence conversion time.

Vipmax | Vipamin | Vger Ry? R,!? R3 R4 Rs Rg!
+25 -2.5 25 5kQ | 1.25kQ 5kQ 25kQ | 25kQ ©
+25 -2.5 5° 10kQ | 1.25k02 | 10kQ 5kQ 2.5kQ 5kQ
+25 0 25 5kQ | 1.25kQ 5k © 1.25k0 ©
+5 0 25 5kQ | 1.25kQ 5kQ © 25kQ | 25kQ
+4 -2 25 5kQ | 1.25kQ 5kQ | 3.75kQ 3kQ 5k
+4 -2 12° 24kQ | 1.25kQ | 24kQ | 3.75kQ 3kQ 5kQ

+10 -10 25 5kQ | 1.25kQ 5kQ 2.5kQ 10kQ | 3.33kQ

Note 1. Nearest preferred value may be used for Ry, R; and Rg

*Note 2. External reference

7. For setting up R4 will adjust the offset.

R3 will adjust the gain.
For unipolat operation where R4 approaches ® and a zero adjustment is required, the following
offset circuit is suggested in place of R4 (Typical values only).

PINS W01

100ka.

VReE

Ma

PIN 12

100k a.
5331

Fig. 4 - OFFSET CIRCUIT WITH UNIPOLAR OPERATION
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TIMING DETAILS

2ps.min,
ot 200ns. min.
I 200ns. min.
Qock rAi i M LML e
START
STAIUS .

SN M e e

Sg?ll‘AL 777777778 YA VA WA DA DA VA T4 VA 38 QZZZZZ2Z

MSB ZZZ4

W OGNV & wWwN
R

~-~--0-00-o0-

S1L2/1

Fig. 5 - TIMING DIAGRAM

NOTES ON TIMING DIAGRAM
1. Conversion is initiated by a ‘'START" pulse which sets the MSB to 1 and all the other bits to 0.

2. Thefirst active (negative going) edge of Clock after the trailing edge of the ‘'START' pulse should
not occur until at least 2 us after the leading edge of the ‘START' pulse to allow for MSB settling.

3. A negative going edge of Clock must not occur within 200 ns either side of the trailing edge of
the ‘START pulse.

4. Asa special case of conditions (2) and (3) the ‘START' pulse may be coincident with, and of the
same duration as, a negative going clock pulse.

5. Serial datais available during conversion at the Serial Output.
Ten SYNC pulses are provided to facilitate data transmission.
The serial output data is valid on the positive going edge of the SYNC pulse.

6. Cross hatching indicates a ‘don’t care’ condition or, in the case of serial output, invalid data.
7. The conversion sequence shown is for the digital word 1010010111.
8. The parallel output data is valid when the Status Output goes HIGH.
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LOGIC CODING

Table 1. Unipolar Operation Table 2. Bipolar Operation
Analogue Input Digital Output Code Analogue Input Digital Output Code
Notes 1, 2 MSB LSB Notes 1, 2 MSB LSB
FS -1LSB 1111111111 + (FS —1LSB) 1111111111
FS -2LSB 1111111110 + (FS —2LSB) 1111111110
3FS 1100000000 + (4 FS) 1100000000
FS +1LSB 1000000001 + (1LSB) 1000000001
FS 1000000000 0 1000000000
FS -1LSB 0111111111 —(1 LSB) o111111111
FS 0100000000 —(+ F 0100000000
1LSB 0000000001 (FS—1 LSB) 0000000001
0 0000000000 -FS 0000000000
NOTES:

1. Analogue inputs shown are nominal centre values of code.
2. “FS” is full scale.

OFFSET AND GAIN SETTING
For unipolar, supply an input of ¢ LSB for transition 0000000000 to 0000000001, and of (full scale
—14 LSB) for transition 1111111111 to 1111111110.

For bipolar, supply an input of —(full scale —% LSB) for transition 0000000000 to 0000000001, and
of (full scale —1 % LSB) for transition 1111111111 t01111111110.

REFERENCE
VOLTS
24
— I~
247 =
2:46
245
244
-40 -20 0 20 40 60 80 100 120 W0

2 TEMPERATURE °C

Fig. 6 - TYPICAL REFERENCE VOLTAGE v TEMPERATURE (ALL TYPES)
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PIN CONNECTIONS

ov [1] START I[P
-sv [ BIT 1(MSB)
sHape [3] BIT2
REF. AMP GND. [¢] BIT 3
REF. AMP 1/P [5] BIT.
Vrer, +2:48v [6] BITS
ov [7] BITSE
ov [g] BIT?
1 Ref (8] aiTe
I our BIT9
COMP. I/P @ BIT10 (LSB)
COMP. GND. @ CLocK 1/P
+sv [ SERIAL OfP
STATUS OfF  [id] SYNC OfP
160/2

CHIP DIMENSIONS AND LAYOUT
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A to D CONVERTER

FERRANTI

semiconductors ZNA433 Series

10-Bit Tracking Monolithic A/D Converter

FEATURES

10, 9 and 8-Bit Accuracies

3 Operating Temperature Ranges

1us Conversion Time (Assuming Continuous Tracking)
Input Range as Desired

+5V Supplies, TTL/CMOS Compatible

Parallel and Serial Outputs

Bipolar Monolithic Construction

DESCRIPTION

The ZN433 range of tracking analogue to digital converters combines several innova-
tions to provide this function on a fully monolithic silicon integrated circuit. The
chip contains a current switching array using a matrix of diffused resistors (no trim
required), tracking logic with TTL interfacing, 2.5V precision voltage reference with
reference amplifier, and fast window comparator with good overload recovery. At a
resolution appropriate to the accuracy specification, no missing codes are obtained
over the full temperature range.

The tracking principle ensures continuous up to date conversion data. This is suitable
for single channel conversion, e.g. digital transducers, and often obviates the need for
sample and hold.

suaee  lner ov lour
3 9 8 Qw0
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B> L[JJJlolwlAHI”

MAIN o3 UP/DOWN COUNTER 2

[T TTTTTT I"‘;’"oé

DATA LATCH/SHIFT REGISTER

i
1

3332323232333
3.8 8
fgit L. e
$i55:5535:5568%8
Fig. 1 - SYSTEM DIAGRAM
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Jov

CONTROL

@ ZN 433
T |
3
4 REF.
AV NAMP,
RI s
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VREF(out) 6| +25v,
\puf
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. 9] Irer
R4 0] I
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13
@————<+5v

5069/4

Fig. 2 - TYPICAL EXTERNAL COMPONENTS

See page 93 for calculation of resistor values. When the internal reference is used, Vgeg(outy (Pin 6)
is connected to R3 and R4 as shown. An external reference may also be used, which for ratiometric

operation can vary by +20% of nominal.

ORDERING INFORMATION

o =+ —TRANSFER DATA

A

1 27 _SERIAL O/P, BIT

k % giv 2

4 I .

i 2 BitT 4

? 3 girs

E 2 s 6

g N

Z 20 g7 g

L

R 8 a1 10 (LSB)

b7 senp pata

| +5oama crock

'S MAIN CLOCK

Operating Temperature | 10-bit accuracy | 9-bit accuracy | 8-bit accuracy Package
-65to +126°C ZN433J-10 ZN433J-9 ZN433J-8 Ceramic
—-40to +85°C ZN433BJ-10 ZN433BJ-9 ZN433BJ-8 Ceramic

0to 4+70°C ZN433CJ-10 ZN433CJ-9 ZN433CJ-8 Ceramic




ZN433 Series

ABSOLUTE MAXIMUM RATINGS

Supply Voltages ..
Logic Input Voltage +Vcc and OV
Storage Temperature Range -55°C to +125°C

CHARACTERISTICS (at +5V supplies and internal reference unless otherwise specified).

+7 volts

Tamb = +25°C Over Spec.
Temp. Range
Parameter Version Units | Conds.
Min. | Typ. | Max. | Min. | Max.

CONVERTER
Accuracy ZN433J-10
(useful ZN433BJ-10 10 10 Bits Note 1
resolution) ZN433CJ-10

ZN433J-9

ZN433BJ-9 9 9 Bits

ZN433CJ-9

ZN433J-8

ZN433BJ-8 8 8 Bits

ZN433CJ-8
Non-linearity All types +0.5 LSB
Differential
non-linearity All types +0.5 LSB Note 1
Operating ZN433J-10
temp. range ZN433J-9 -55 [+125]| °C

ZN433J-8

ZN433BJ-10

ZN433BJ-9 40 | +85 | °C

ZN433BJ-8

ZN433CJ-10

ZN433CJ-9 0 +70 | °C

ZN433CJ-8
D to A reference
cu_rrent, IR EF
(pin9) All types 0.8 12| 0.8 12 | mA Note 2
Max. Clock Rate | All types 1 1.2 MHz Note 3
Nominal analo-
gue input range | All types -2.5 +25 \% Note 4
Supply rejection | All types 0.1 % per V




ZN433 Series

CHARACTERISTICS (continued)

Tamp = +256°C Over Spec.
Temp. Range
Parameter Version Units | Conds.
Min. | Typ. | Max. | Min. | Max.
Gain temperature | ZN433J-10
coefficient ZNA433BJ-10 10 ppm/°C
(Note 5) ZN433CJ-10
ZN433J-9
ZN433CU-0
ZN433J-8 20 ppm/°C
ZN433BJ-8
ZN433CJ-8
Zero temperature | ZN433J-10 .
coefficient ZN433BJ-10 7 ppm/ <
ZN433CJ-10
ZN433J-9
ZN433BJ-9 .
ZN433CJ-9 15 ppm/°C
ZN433J-8 of FSR
ZN433BJ-8
ZN433CJ-8
Supply voltage | All types +45| 45 | +565| +45| £65 | V
Supply current All types 50 mA
Power
consumption All types 500 mwW
INTERNAL
VOLTAGE
REFERENCE
Output voltage | All types 2.480 \"
Output voltage | ZN433J-10
tolerance ZN433BJ-10 +1.5 %
(Note 6 ZN433CJ-10
ZN433J-9
ZN433BJ-9 +2.0 %
ZN433CJ-9
ZN433J-8
ZN433BJ-8 +5.0 %
ZN433CJ-8
Slopeimpedance | All types 0.756 Q
Maximum
reference load +4 mA
current




ZNA33 Series

CHARACTERISTICS (continued)

Tamb = +26°C Over Spec.
Temp. Range . .
Parameter Version Units Conditions
Min. | Typ. | Max. | Min. | Max.
LOGIC All
types
High level
input voltage 20 2.0 Vv
Low level
input voltage 0.8 08 |V
High level 7 [17.1 Vg= +6.5V
input current V, = 2.4V
50 uA Vg = £5.5V
Vl = 6.5\,
Low level 1 A Vg = +6.5V
input current V, =04V
High level 24 24 v lioad = =40 HA
output voltage
Low level 0.4 04 |V hoad = 1.6 MA
output voltage

NOTE 1. No missing codes over full temperature range at resolution appropriate to accuracy.

NOTE 2. The full scale D to A output current Iy, = 4 times Igge. For optimum performance
IREF = 1.0 mA.

NOTE 3. For main clock waveform see Fig. 5, page 94. Input signals which do not change by more
than 1 LSB/us may be tracked continuously without the need for a sample and hold. This
corresponds to a full scale bandwidth of 300 Hz. Higher frequencies may be tracked if the
amplitude is reduced, e.g. the half full scale bandwidth is 600 Hz.

NOTE 4. Single polarity and other input ranges may be provided by different input resistor values
(see page 93).

NOTE 6. Excluding reference.
NOTE 6. For typical temperature performance see Fig. 6, page 95.
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TEST CIRCUIT
+5v
) SW-1
BIT 1
+ (MSB
: 12 BIT
i REFERENCE MW
Sw-10i DAC
i BIT10 ——tm-‘ - ZN433
UNDER
| 12 + TEST
= BiT 10| 9 8
- Ls8)
M
TRIANGLE
DITHER X
GENERATOR
Y 3 BIT
D10 A

sen ScoPe

Fig. 3 - DYNAMIC CROSSPLOT ACCURACY TEST

Switches SW-1 to SW-10 are set to the appropriate digital code to select the point on the character-

istic to be displayed. For example, code 10000 00000 would select half full scale, i.e. the major
transition.

The output from the dither generator (suggested peak to peak amplitude = 44 x L.S.B.) is used
as the X deflection for the scope and is also superimposed on the analogue output from the reference

D.A.C. in the summing amplifier. The resulting analogue signal including dither is used as V,, for the
ZN433 under test.

Bit 10, 9 and 8 outputs are fed to the inputs of a 3 bit D.A.C. of at least 6 bit accuracy and the

analogue output used as the Y deflection for the scope. Differential non-linearity is shown by
horizontal lines which are longer or shorter than the rest.
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CALCULATION OF EXTERNAL RESISTORS (See Fig. 2, page 88).

1. Ra Ry, Rg can affect gain and offset stability and thus require to be of high quality.
2. R, and R, are to allow for the bias current of the reference amplifier and comparator which both
operate in a virtual earth mode. Thus: Ry = Ra
And R, = parallel combination of R, Rs and Re. ]
3. lpgs should be 1.0 mA, though it may be varied from 0.8 mA to 1.2 mA,
— Vrer_
1.0 mA
lout Fs is four times Iggg, i.e., 4 MA (lo,, for zero reading is 0 mA).
4. Analysing the network yields the following :
R, ——Vree Rs
4 "
Vin Min
Vi, max - V;, min
. lout Fs
Where V;,, max is the voltage for the logic output to be all 1's.
V;,, min is the voltage for the logic output to be all 0's.

5. Rg should be chosen such that the parallel combination of R4, Rs and Rg is about 6250 as this
determines the D to A time constant and hence conversion time.

6. The following is a table of values to give examples of the above equations.

Therefore R3

Rg =

Vipmax | Viomin | Vgee R,! Ryt R Rs4 Rs Rg'
+25 -2.5 25 25kQ 625Q 25kQ | 1.25kQ| 1.25kN L
+2.5 -2.5 5° 5kQ 6260 5k 25kQ| 1.25kQ | 2.5kQ
+25 0 25 2.5kQ 625Q 25kQ © 625Q ©
+5 0 25 25k0 625Q 2.5k0 L 1.25kQ | 1.25k0
+4 -2 2.5 25kQ 625Q 25kQ |1.876kQ| 1.5kQ| 2.5kQ
+4 -2 12°* 12kQ 625Q 12kQ |1.875kQ| 15kQ| 2.5kQ

+10 -10 25 25kQ 625Q 25kQ | 1.25kQ 5kQ | 1.67kQ

Note 1. Nearest preferred value may be used for Ry, Ry and Rg
*Note 2. External reference

7. For setting up: R4 will adjust the offset.

. R will adjust the gain. )
For unipolar operation where R, approaches ® and a zero adjustment is required, the following
offset circuit is suggested in place of R, (Typical values only).

VREE

PINS 10 1 PIN 12

100ka  1Ma 100kn
5331

Fig. 4 — OFFSET CIRCUIT WITH UNIPOLAR OPERATION
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LOGIC DETAILS

10 0 10 A
) RN EEN
INPUTO
CONTROL
P/DOWN COUNTER .
GND LOGIC | DOWN UPIOOWN COUNTE tk
MAIN 15 I
CLOCK ov
J7§900ns MIN [} OUTPUT STAGE.
'00ns
MIN (F"SEND DATA" (S
LOW ALL OUTPUT
lRANSISlO?S ARE
TURNED OFF,
TRANSFER l |
DATA O—o TRANSFER GATES
DATA '6 w J’

crock DATA LATCH/SHIFT REGISTER
" ook
SN0 17 l‘“ Lns lzo lzn lzz lzs lza lz-:- lze 127 sese
BIY 10

BIT ), SERIAL OUTPUTY
Ls8 .

Fig. 5 - LOGIC SYSTEM

NOTES ON LOGIC DIAGRAM

1. The Window Comparator and Control Logic determine whether the Counter will clock up or
down or keep the same value on an active (negative going) edge of the Main Clock.

2. Parallel data from the Up/Down Counter will be loaded into the output Data Latch/Shift
Register when the TRANSFER DATA input is HIGH. TRANSFER DATA should not be taken
HIGH until 150 ns after the MAIN CLOCK edge and should go LOW before the next MAIN
CLOCK edge. The minimum TRANSFER DATA pulse width is 50 ns.

If TRANSFER DATA is held permanently HIGH then the Counter outputs will appear directly at
the bit outputs.

3. Serial output data (MSB first) can be obtained from the MSB output (Pin 27) by applying a
DATA CLOCK (Pin 16,1 MHz maximum, 100 ns minimum pulse width).

4. A LOW on SEND DATA (Pin 17) disables the DATA CLOCK and turns off all the output transis-
tors so that all the bit outputs are HIGH (see diagram of output).



ZN433 Series

LOGIC CODING
Table 1. Unipolar Operation Table 2. Bipolar Operation
Analogue Input Digital Output Code Analogue Input Digital Output Code
Notes 1, 2 MSB LSB Notes 1, 2 MSB LSB
FS —-1LSB 111111111 + (FS —1LSB) 111111111
FS —-2LSB 1111111110 + (FS —2LSB) 1111111110
FS 1100000000 + (% FS) 1100000000
FS +1LSB 1000000001 +(1LSB) 1000000001
FS 1000000000 1000000000
+ FS -1LSB 0111111111 —(1LSB) 011111111
FS 0100000000 —(% FS) 0100000000
1LSB 0000000001 —(FS —1LSB) 0000000001
0 0000000000 - 0000000000
NOTES:

1. Analogue inputs shown are nominal centre

values of code.

2. “FS" is full scale.

OFFSET AND GAIN SETTING
For unipolar, supply an input of £LSB for transition 0000000000 to 0000000001, and of (full scale
—14LSB) fortransition 111111111110 1111111110.

For bipolar, supply an input of —(full scale —4LSB) for transition 0000000000 to 0000000001, and
of (full scale—14LSB) fortransition1111111111t01111111110.

REFERENCE
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Fig. 6 —~ TYPICAL REFERENCE VOLTAGE v TEMPERATURE (ALL TYPES)
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SHAPE
REF. AMR GNO.
REF. AMP. /P

Vaer +2:48V

ov
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COMP. 1/P
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PIN CONNECTIONS
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CHIP DIMENSIONS AND LAYOUT
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FERRANTI

semiconductors ZNAMGE

Low Power 3; Digit D.V.M. Integrated Circuit

FEATURES

@ 3} Decade display (1999 max. reading)

@ Automatic polarity detection and indication
@ Leading zero suppression

® Overload indication

@ Multiplexed B.C.D. outputs capable of driving a T.T.L. decoder/driver directly
(e.g. ZNA7447A)

@ External input to blank display
@ Internal oscillator, adjustable externally

@ An output at 1/100 clock frequency for under range indication, or for synchronising
the clock frequency for optimum mains rejection

@ Single rail, 5 volt supply operation (at 10 mA typical)

GENERAL DESCRIPTION

The ZNA116E allows a precision 34 digit D.V.M to be constructed very easily. It provides
all the control logic necessary for a D.V.M using the well known dual slope integration
technique. The low power requirements of the device make it attractive for portable
battery operated applications and, since it is bipolar, requires no special handling
precautions.

0 ANALOGUE
SWITCHES
+SIGN [T =SIGN OV +V 00 OUTRUT
oP oP 9 §‘
+ v
OVERLOAD
OUTPUT o— CONTROL - -
INPUT 0— LOGIC 4 H + 2000 —o %&c’»’(
FROM
COMPARATOR
sponenTs | OSCILLATOR |
COMPONENTS o—}—| OSCILLATOR

o[ 0aTA LATCHES |
BLANK INPUT o ZERO —J DIGIT

|

SUPRESSION MULTI — GATING
D.R INPUT ooic  — PLEXER = SELECT
‘I I 1
l BCD.
4 DATA OUTPUTS

4829

System Diagram
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PINNING AND FUNCTIONAL DETAILS

Pin
number Name Function

1 Earth Supply 0 volts

2 /100 output An output at 1/,0 of the clock frequency is available at this pin.

3 Clock input An external clock can be applied at this pin, or the internal oscillator
can be used by linking it to pin 14. A measurement is made every
8000 clock periods. Transfer of a number to the latches occurs at the
first —VE going clock edge after comparison has been made. The
counter toggles on +VE going clock edges. Max. clock frequency
= 50 kHz, Min. logic 0 time at clock input = 8 psec.

4 M1 Digit drive output. When this output is low, the most significant digit
is displayed.

5 M2 Digit drive output. When this output is low, the second most
significant digit is displayed.

6 M3 Digit drive output. When this output is low, the third most significant
digit is displayed.

7 M4 Digit drive output. When this output is low, the least significant digit
is displayed. The multiplexed frequency = 1/,¢ clock frequency.

8 Blank input When this input is held at logic 1, the data outputs, A,B,C,D, will also
all be at a loglc 1. This is detected by the T.T.L. decoder/driver and
the display is switched off.

9 D.P. input When this input is at logic 1, leading zeroes are blanked off. Pins 5 and
6 can be wired to the D.P. input to give the correct display, when a
decimal point is displayed. (see diagrams).

10 A 20 BCD data output
11 B 21 BCD data output
12 (o 22 BCD data output
13 D 23 BCD data output
14 Oscillator Link to pin 3 if internal oscillator is to be used.
output
15 Oscillatorinput| External components, connected to this pin, control oscillator
frequency. (see figure 1).
16 + VE reference | When this output is at logic 1, it connects the + VE reference voltage
switch output | into the integrator.
17 -VE reference | When this output is at logic 1, it connects the ~VE reference voltage
switch output | into the integrator.
18 —Sign output | This output is at logic 1 when a negative input voltage is being
measured.
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PINNING AND FUNCTIONAL DETAILS

Pin .
number Name Function
19 +Sign output | This output is at logic 1 when a positive input voltage is being
measured.

20 Comparator This input is connected to the output of the external compartaor.
input

21 Signal switch | When this output goes to logic 1, it connects the voltage to be
output measured into the integrator.

22 Vee Supply +5 volts.

23 Reset switch When this output is at logic 1, the switch across the integrator
output capacitor is turned on to completely discharge it.

24 Overload If the integrator capacitor does not discharge completely until after the
output counter has reached 2000, this output will go to logic 1.




ZNANG6E

TECHNICAL DATA
(a) Maximum Ratings:

Supply voltage .. .. .. .. .. 5.5 volts
Operating temperature .. .. 0°Cto +70°C
Storage temperature .. .. .. =55°Cto +125°C

(b) Electrical Characteristics (Tp = 0°C to +70°C)

Parameter Min. | Typ. | Max.| Units Test conditions
Supply voltage Voc | 475 5.25 | Volts
Supply current lee 16.0 | mA | Vgc = 5volts
Logic O level ViL 0.8 | Volts
All input pins except pin 156
Logic 1 level Vie | 2.0 Volts
All' input pins except pin 15
High-level input current 1,4 40 | vA Vin= Vcc
All'input pins except pin 156
Low-level input current -4.0 | pA Vip =0V
All input pins by
Logic 0 level VoL 0.4 | Volts | lgjnk = 1.6 mA
Output pins 2,4,5,6,7,10,
11,1213
Logic 0 lev: 0.4 | Volts | lgjne = 1.0mA
Ot pine 14,18,19.21,24 O sin
Logic O level VoL 0.4 | Volts | lg;nx = 0.6 mA
Output pins 16,17,23 ° sin
Logic 1 level Vou| 2.4 Volts | Iy = 10 pA
All output pins except pin 14
Oscillator frequency 20.0 kHz With timing components
shown in figure 1
Temperature coefficient +0.02 % per | Excluding temp. coefficient
of oscillator ’ °C of the external timing
components
Variation in oscillator -0.4 % per | T =25°C
frequency with changes in V¢ volt
(c) Notes:

1. va14 is an open-collector output. All other outputs have a nominal 100 kQ pull-up resistor
to cc rail.

2. Although the oscillator and logic will function up to 50 kHz, this is not recommended as the
analogue circuitry becomes more critical.
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OSCILLATOR CIRCUIT
RECOMMENDED COMPONENTS FOR 20 kHz OPERATION

? —0*Vec
10k
—————» To ZNAWGE ,Pin3
62k
2%
—» To ZNAWGE , Pinl4
16k
+2%
_[ —» To ZNANGE ,Pin 15
2200pF
£25% I —o OV 4828
Figure 1.

Notes:

(a) Oscillator stability is better than 0.02% per °C.

(b) The potentiometer should be set so that the frequency of oscillation is 20 kHz. This is best
monitored at pin 2, to avoid loading the oscillator while setting up.

(c) The potentiometer and the 62k resistor can be replaced by a single 68k +2% high stablity
resistor at the loss of some mains rejection only.

THE DUAL SLOPE SYSTEM

S¢,
o ) 4827
+Ve reterence -
voltage 5, C" f
o
Vin S — OQutput
! o
logic
-Ve reterence - Integrator Comparator
voltage S5 ov J

Figure 2.
(Refer to timing diagram, figure 3)
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Attime T, ; S2, S3 and S4 are open and S1 closes to apply the input voltage, Vin. to the integrator.
The integrator capacitor, C, charges up linearly until time T2 which is 4000 clock periods after T,.
The voltage at the integrator output, V,, at time T, is proportional to V;,,.

Attime T,, S1 is opened and either S2 or S3 is closed, to apply a reference voltage, of the opposite
polarity to V;,, to the integrator, Thus C is made to discharge at a constant rate and at time Tj the
output voltage of the integrator will again be zero. This is detected by the comparator and the refer-
ence voltage is now switched off and the number of clock pulses corresponding to T, will be
transferrred to latches and displayed. This number is proportional to V, and hence is proportional
to Vj,. If T, exceeds 2000 clock periods, an overload condition is indicated.

At time T4, which is 3000 clock periods after T,, S4 closes to completely discharge the capacitor.
At time Tg, which is 4000 clock periods after T, S4 opens and the cycle is repeated.

If 81 is closed for a time which is a multiple of 20 msec., any 50 Hz mains ripple superimposed on
Vin will be integrated to zero and thus good mains rejection is obtained.

The dual slope D.V.M. does not require a high stability capacitor or high stability oscillator (unlike
single slope systems) to achieve high accuracy.

ZNA116E TIMING

Closed
Signal switch
51

Open

ov
Output of integrator \/—ﬁ
Vin >0V
in —Vy
+ Vx
Output of integrator
oV

I
+Vee I
Output of comparator
Vin>0V
ov — d
1 1 i
Closed | \ !
- Ve reference switch : !
Sq, Vi >0V
3+%in Open : d ; :
1 i ]
Closed — ' ; '
Reset swilch : :
S4 | .
Open h : v h
] P‘Tx_” [ ]
Ty T2 T3 Tl, Tg
R T—
4830 Time

Figure 3.
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THE DESIGN OF D.V.M. CIRCUITS USING THE ZNA116E

The ZNA116E provides the control logic necessary to construct a D.V.M. with a 3} digit display
having an accuracy of =+ % digit. The actual accuracy obtained will depend on four factors:

(a) Accuracy of calibration.

(b) Stability of reference sources.

(c) Stability of transistor switches.

(d) Operational amplifier drift.

The circuit details are given for the construction of a simple D.V.M. circuit which runs off a single
5 volt supply rail. The accuracy of this D.V.M,, typically 0.1% +1 mV., (on the 1v. range) should be
adequate for many applications.

To achieve this accuracy, the nominal 5 volt supply rail should be held stable to 4-50 mV. An I.C.
voltage regulator is ideal for this purpose.

The main factor limiting the performance of this circuit is (d). If a better performance is required, an
amplifier with a lower bias current must be used (e.g. ZN741) running of +5 volt supply rails, so
that the drift becomes less significant. More elaborate interfacing with the ZNA116E will be
required in this case.

D.V.M. CONSTRUCTION

Due to the clearly defined application of the ZNA116E, the full circuit is given for a simple 34 digit
D.V.M. together with full printed circuit board details.

The construction is defined in two distinct halves. an analogue board containing integrator,
comparator, reference supplies and transistor switches ; and a digital board containing the ZNA116E,
display, driver and oscillator components. This allows the constructor the chance to alter the ‘front
end’ (analogue circuit) if desired, without disturbing the digital board.
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To ZNANGE
o( in16)
To ZNANGE
(Pin23)
+5v
To ZNANGE
(Pin17)
ov
To ZNAIGE
(Pin20)
To ZNANGE
(Pin21)

ZNANMG6E

ANALOGUE BOARD — Component positions
Figure 6.

To 1: imﬁlsws"swnch

board

dpl dp2
11}

4888

DIGITAL BOARD — Component positions
Figure 7.
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CIRCUIT DIAGRAM OF ANALOGUE BOARD

a0+ 8V
lb el < (] g < b
FromZNAT6 $560n. 15ks 10k 10k 327k
- [ ledl 10k 470pF "7)‘F-L I""P‘
Q N Asa-wvmu ] VvV it
Wk s1k°
51k°
. A AAA
W ] - W1 o1uF
. "Im Lo iﬁm’” 68k 51k i
oy 3%%com | Tznezs T [ 001
I 2ZNANG o 4 . .
Max Pin21 10K M 3. 33k
1 AV «—AWA—e lk ::100:\. + )
- 100k Set zero (5 2N428
| l"‘y— _ To ZNA1IG
% 0ipF] - Pin 20
ZN 423
Set+VeVolts m
47k LU
FromZNANG 22uF
Pin17 ﬁ ] werd .
41003 P)_ 100k
3
100k
- - - ov
From 22 High stability
ZNANG Pin23 AlLNPN transistors ZTX108 4870
All PNP transistors ZTX213
Figure 8.
CIRCUIT DIAGRAM OF DIGITAL BOARD
+5V
Oscillator {
OmPS- 2 6ak FromZNAIG | From ZNATIG FromZNATIE
To ZNAI6 1 Piné in% "
Pinls S
'S
To ZNANE
Pints 2200pF
ov+
2 AllISOn
b
Pint0 -»—2] ZNT4TA T V"
Pin11+—2{ 7 5¢q 4 n
Pin12 Decoder [e . nn,
Pin13 -»—— Driver t W
BCD Input PV
FromZNA6 LA — FromZNA116,Pin6
- 680 / FromZ;lMﬁ /
> 2 W N\ Pin
3 3e8on 3 s enc 5N ostp S0V
3 S 15k ~e _:\’_uzmue
FromZNAG A 18035 Ganged with inpt” Ping
Pin1g 33k 33k anenusv switch
FromZNAE All NPN transistors ZTX 108
Pin19 All PNP transistors ZTX 4403 4069
Figure 9.
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D.V.M. COMPONENT LIST

R1 16k +2% R14 33k R27 27k

R2 68k +2% R15 15k R28 1M 12%
R3 150 R16 680 R29 51k 4+2%
R4 150 R17 680 R30 51k +2%
R6 150 R18 3.3k R31 10k

R6 150 R19 3.3k R32 470

R7 150 R20 3.3k R33 68k +2%
R8 150 R21 100 R34 10k +-2%
R9 150 R22 100k R35 560

R10 1.5k R23 100k R36 51k +2%
R11 1.5k R24 10k R37 240k +2%
R12 1.5k R25 10k R38 180

R13 3.3k R26 15k

VR1 100k

VR2 5k Bourns 3009P

VR3 5k

All values given in ohms.
All resistors 4+-10% unless stated otherwise.

C1 2200 pF +2.5%

C2 0.033 uF

C3 68 uF 10 vw. electrolytic +-50%
C4 0.033 uF

C56 68 pF 10 vw. electrolytic +-50%
C6 0.1 pF

C7 22pF +10%

C8 0.01uF

C9 470pF

C10 0.1 pF

Ci11 0.1 pF

Ci11 0.1 pF

C12 0.1 pF

All capacitors +-20% non-electrolytic unless stated otherwise.

Tr1, Tr2, Te3. Tr4 all ZTX4403
Trb, Tr6, Tr7, Tr8, Tr9,
Tr10, Tr11, Tr13 Tr14, >all ZTX 108

Tr15, Tr16,
Tr12 ZTX213
D1, D2 both ZN423

ZNA116E 1 off
ZN424E 2 off
ZN7447A 1 off

DL707L display 3 off
DL701 display 1 off
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ATTENUATION OF INPUT VOLTAGE
For measuring voltages of +2 volts or more, the following input attenuator circuit may be used.

\IV 4826

180kn
1[)") Sic
2Mn.
MM— 0100V
10MA  10MA. 1000V
) , sid
1000V otV
100V 10V

é

0

Input voltage Output
to be to

measured D.VM.
T 9

All resistors +2% high stability, presets +20% carbon.
Figure 10.

The input impedance is 100 kQ on the 1 volt range and 20 kQ/volt on the other three ranges. If a
greater impedance than this is required, an attenuator using higher value resistors followed by an

F.E.T.input buffer amplifier should be used.

Note: In the above diagram, switches S1c and S1d are ganged with S1a and S1b, the decimal

point switch, shown in figure 9.

CONSTRUCTIONAL NOTES

(1) The leads joining the analogue board to the digital board should not be longer than about

six inches.

(2) Before connecting the circuit to a power supply, make sure that all the external links, shown in
figures 6 and 7, have been connected to the printed circuit boards. There should be five links

on the analogue board and twelve on the digital board.

(3) Ifthe applied input voltage is too large, the display will be blanked off as an overload indication.
If a diode is connected between pins 8, 24 and 21 of the ZNA116E, as shown below in

figure 11, the display will flash for overload conditions.
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Pingo— -

Pin240— ZTX108

4825 Pin21

Figure 11.

CALIBRATION PROCEDURE

The range switch is placed in the 1 volt position and the input terminals are shorted together. VR2
and VR3 should be set about half-way. The set-zero preset VR1 is now adjusted until the display
just flickers between +0 and -0.

A known positive voltage, between one and two volts, is now connected to the input terminals and
VR3 is adjusted until this voltage is displayed.

The input voltage is then reversed and VR2 is adjusted until the display is again correct.
VR1, VR2 and VR3 are now correctly set and should not need altering again.

Since the three 5k presets in the attenuator section are completely independent of each other, these
can be easily set to give the required attenuation of 10, 100 and 1000.

Calibration is now complete.

SPECIFICATION OF D.V.M.

Maximum reading +1999
Readings per second 24 typical
Typical accuracy (1 volt range) 0.1% of reading +1 mV
Temperature coefficient (1 volt range) +0.1 mV per °C typical
Input impedance 100 kQ for 1 volt range
) 200 kQ for 10 volt range
2 MQ for 100 volt range
20 MQ for 1000 volt range
Total supply current 200 mA typical
(with all segments on)
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PIN CONNECTIONS

eno 1 [0
Soo2 O
cLock 3 [
ml.[:‘
M25 [
M35 [
mMe7 [
BLANK 8 ]
0.r. 9 [
a0 [
81 [

cn

-/

24 OVERANGE
[] 23 RESET SW.
] 22 Ve

[ 21 SIGNAL sw
[] 20 comp IN
] 19 +SIGN
118 —siGn
117 —REF.sw.
] 16 +REF.SW.
[ 15 osc.IN
] 1. osc.our

jno

6235

CHIP DIMENSIONS AND LAYOUT
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FERRANTI ZNAZIGE

semiconductors ZNA216J

Low Power 31 Digit D.V.M. Integrated Circuit

FEATURES

@ 3% digit display (13999 max. reading)

@ Automatic zero adjustment with 1 pV/°C temperature coefficient
@ Seven-segment outputs for direct drive of LED displays
@ BCD outputs

@ Automatic polarity detection and indication

@ Flashing overload indication, separate overload output
@ Blanking input, e.g. for low battery indication

@ Automatic blanking of display leading zeroes

@® On-chip clock, may be externally synchronised

® TTL and CMOS compatible

® Single 15V supply

® Pinning optimised for easy p.c.b. layout

DESCRIPTION

The ZNA216 D.V.M. I.C. is a versatile D.V.M. system component which contains all the
control logic necessary to construct a dual-slope digital voltmeter, whilst leaving the
designer free to configure the analogue circuitry to his own requirements.

The I.C. has multiplexed data outputs, both in BCD format and in seven-segment format
for direct drive of LED displays. A number of useful features are incorporated into the
device, including leading zero blanking of the display, flashing over range indication and
an auto zero facility which removes the need for manual zero adjustment.

Apart from the more obvious applications of D.V.M. and D.P.M. thel. C. can be used to
construct any other instrument where an analogue input from, say, a transducer is to be
converted into a digital reading, for example a digital thermometer. The ZNA216 may
also be used as an A-D converter in single-channel data acquisition systems, or to
interface to a microprocessor system.

OSCILLATOR |9 J,"-'Vcc
TIMING o123 OSCILLATOR +4000 .2 '
OMPONENTS PUE ByvS
0|11 | 23, comp 1/P
i DATA LATCHES JGNAL SW
oiorT | o1} ! lcontroL [25] 2 SIGNAL S
13 |MULTIPLEXER REF +
SELECT) &577 LOGIC REF -
=~ GATING 1241 o AUTO ZERO
NG _2ERO
2018 7380 EOPPRE s3I0 22
GND 2 DECODER AND BLANKING OVERLOAD
DRIVER
LOGIC
10{9]s]<]3]s]7] 18}17r6hs] 2] 2 2
A L}
abcdetg 29212223 OP BLANK SIGN 5745

System Diagram
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PINNING AND FUNCTIONAL DETAILS

Pin
number| Name Function
1 Gnd 1 Supply 0 volts
2 Sign Open collector output, goes low when —ve input voltage is being measured.
3 e Open collector segment output, goés low when segment is on.
4 d Segment output as above.
5 c Segment output as above
6 Gnd 2 0 volt supply for segment drivers, must be connected to Pin 1.
7 g Segment output as above
8 f Segment output as above
9 b Segment output as above.
10 | a Segment output as above
11 M1 Digit drive output, goes low for the most significant digit to be displayed,
first in digit scan sequence.
12 M2 Digit drive output, goes low for the second most significant digit fo be
displayed, second in digit scan sequence.
13 M3 Digit drive output, goes low for the third most significant digit to be
displayed, third in digit scan sequence.
14 M4 Digit drive output, goes low for the least significant digit to be displayed,
fourth in digit scan sequence.
15 | D 23 BCD data output.
16 | C 22 BCD data output.
17 | B 21 BCD data output.
18 | A 20 BCD data output.
19 | Vee Supply +5 volts.
20 DP When this input is at logic 1, leading zeroes are blal)ked.
21 Blank While this input is at logic 1, all segment outputs are off and all BCD data
outputs are at logic 1.
22 Overload | If the integrator capacitor does not discharge before the conter reaches
4000, this output goes to logic 1.
23 Comp. This input is connected to the output of the external comparator.
24 Azero When this output is high, auto zero correction is applied to the integrator.
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Pin .
number| Name Function

25 | Ref+ When this output is at logic 1, the +ve reference voltage is connected to
the integrator.

26 Ref- When this output is at logic 1, —ve reference voltage is connected to the
integrator.

27 Signal When this output is at logic 1, the input voltage to be measured is

switch connected into the integrator.

28 Clock The external clock oscillator components are connected to this pin (see
diagrams).
Alternatively, this pin may be driven by an external signal. A measurement
is made every 8000 clock periods. The counter toggles on —ve going clock
edges and transfer to the latches occurs at the first +ve going clock edge
after comparison has been made which avoids false triggering from the
integrator output. Max. clock frequency 50 kHz.
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(a) Absolute Maximum Ratings:

Supply voltage
Operating temperature
Storage temperature

7.0 volts
0°Cto +70°C
.. -55°Cto +125°C

(b) Electrical Characteristics (Tp = 0°C to +70°C, V¢ = 5.0V unless otherwise specified).

Parameter Min. | Typ. | Max. | Unit | Test conditions
Supply voltage 4.5 55 |V
Supply current 20 | mA
Low level All inputs 08 |V
input voltage
Low level All inputs 4 | pA | Vi, =0V
input current
Input clamp All inputs -15|V lin=-12mA
diode voltage Vee | V lin=10mA
+1.5

High level Oscillator RC input 25 \
input voltage

All other inputs 2.0
High level Oscillator RC input 100 | kA | V;, = 25V
input current

All other inputs 4 | pA | V=50V
Low level ab,cdefg 08 |V lsink = 20 mA
output voltage

Sign 04 |V lsink = B MA

Overload, Ref+, Ref-, Azero, 04 |V lgink = 1.6 MA

Signal switch, a,b,c,d,M1,M2,

, M4
High level Overload, Ref+, Ref-, Azero, | 2.4 \" lout = 10 A
output voltage | Signal :witch, ab,c,d,M1,M2, v
, cC
-0.1 \" lout=0

High level ab,c,d.ef,g. Sign =10 | kA | Vgoue = 5.0V
output current

(c) Note:

Although the oscillator and logic will function up to 50 kHz, this is not recommended as the

analogue circuitry becomes more critical.
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THE DUAL SLOPE SYSTEM

ZNA216E/J

—VE REFERENCEO-—ﬁ ) L
VOLTAGE
e o—% R1
VE REFERENCE O /4
VOLTAGE S3  INTEGRATOR QUTPUT
v —— 10
N COMPARATOR Loeic
TETRATI‘V? R2 |
ZERO A A
| REFERENce| st |
- ‘ c2 |
o- | T }
| AUTO ZERO CRCUIl |
5746

Figure 1.

AUTO  SIGNAL REFERENCE
ZEl lNTEORATg_INYEGRATE AUTO ~ZERO
SIGNAL

CLOSED —-——-—'r
SWITCH SI OPEN

INTEGRATOR ov
OUTPUT

r
—-
Yy >0 |

COMPARATOR  ¥CC
OUTPUT ov -

CLOSED

SWITCH S2 OPEN

AUTO ZERQ CLOSED
SWITCH S&  OPEN

<

~ |-
-
U
-
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™ 5747

Figure 2a. Timing Diagram for in-range input.

Dual Slope Block Diagram.

+VE CLOSED |
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SWITCH S3 OPEN

|
AUTO ZERO CLOSED 1
SWITCH S&  OPEN

AUTO  SIGNAL REFERENCE  AUTO
ZERO| INTEGRATE INTEGRATE | ZEFO |
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1
|

]
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3

L
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Figure 2b. Timing diagram for overrange input
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Dual slope integration is a D.V.M. circuit technique designed to cancel out the effects of drift in
circuit components. A block diagram of the analogue section of a dual-slope D.V.M. is shown in
figure 1, whilst a timing diagram for its operation is shown in figure 2.

Attime T,, S1 is closed by the D.V.M. logic, connecting the input signal to the integrator until time
Ta, which is 2009 clock periods after T,. During this time the integrator output ramps positive or
negative, depending on input voitage polatrity, to a voltage

V_ = —Vin 2000 tc
° R1C,
where t, is the clock period.

The polarity of the integrator output voltage during this period, and hence of the input voltage, is
sensed by the comparator, whose output is connected to the control logic.

Attime T,, S1 is opened and, depending on the input voltage polarity, either S2 or S3 is closed. This
connects a reference voltage of opposite polarity to Vin to the integrator input, so that the integrator
output ramps back towards zero. The number of clock periods required for the integrator output to
reach zero is counted by the DVM counter. When the output reaches zero the comparator output
changes state, S2 or S3 opens and the count is stopped. Since the second integration also takes
place over a voltage V, then,

Vo= —l:sé_ntc where n is the count at time T4
11
but V,, also equals %’E
1¢1
thus n = 2000 Vin
VRer

R4, C4 and t. have disappeared from this final equation, so the accuracy of the D.V.M. is unaffected
by the long-term stability of these parameters. The only factors influencing accuracy are the stability
of Vpee and variations in the ‘on’ resistance of the analogue switches S1 to S3. The former can be
assured by careful choice of a reference source, e.g. the Ferranti ZN423 or ZN458, whilst the effect
of the latter can be minimised by making R, lage compared to the on resistance of S1 to S3.

If Vg is exactly 2V then n = 1000 V;,,, i.e. the count will be equal to the input voltage in millivolts.
For the ZNA216 the maximum reading is 3999. If a count of 4000 occurs before the integrator
output reaches zero, as shown in figure 2b, then S2 or S3 will open and the overrange output will
go high. .

In a practical D.V.M. it is unlikely that a reference voltage of exactly 2V will be available, or an input
range other than 3.999V may be required. In this case a different resistor value (Rrgg) will be used
for the reference integration. The equation then becomes :

n= 2000 Vin . RREF

VRer - Ry
R, and Rggg should be high-stability types.

AUTO ZERO

Any offset voltage and bias current in the integrator will be integrated along with the input signal and
since, for example, a 3.999V D.V.M. has a resolution of 1 mV an offset of a few hundred microvolts
can lead to errors in the least significant digit. Manual zero adjustment is time-consuming and has to
be repeated frequently due to temperature drift.

The auto zero of the ZNA216 operates during the period T3 to Tg, or T, to Tg in the case of an
overrange input. S4 is closed, S1 S2 and S3 are opened so tﬁat on?y the integrator offset voltage is
integrated, thus causing the integrator output to drift either positive or negative. The integrator
output is amplified by the comparator (which is nothing more than an extremely high gain amplifier)
and this charges C2 via R2 to apply a voltage to the non-inverting input of the integrator. The
polarity of this voltage is such as to null outthe effects of integrator offset voltage and bias currentand
thus cancel integrator drift. Depending on comparator gain a zero error of a few hundred nanovolts
may be achieved by this method.
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HUM REJECTION

Any mains hum pickup superimposed on the input signal will cause errors in the D.V.M. reading.
However, if the period T, — T4 is made a multiple of the mains period then qqual numbers of positive
and negative half-cycles of the mains waveform will be integrated and will cancel each other out.
For 50 Hz mains T, — T should be 20 ms or a multiple thereof, while for 60 Hz mains T, - T4 should
be 16.67 ms or a multiple thereof.

Adjustment of the period T, — T is achieved by varying the frequency of the clock oscillator which
controls the operation of the D.V.M. ‘

DISPLAY MULTIPLEXING

The BCD and seven-segment data outputs are multiplexed, the data appearing in the sequence
MSD to LSD. To identify which digit is present at the outputs at any time the four digit select
outputs go low in turn, synchronous with the relevant digit appearing at the data outputs. The seven
segment outputs can be used to drive the cathodes of a multiplexed common-anode LED display
whilst the digit select outputs may be used to turn on digit-drive transistors, which activate each
display digit in sequence.

DECIMAL POINT (ZERO BLANKING) INPUT

Before the start of each multiplex cycle a latch in the I.C. is set. This holds the display blanked until
non-zero data appears at the BCD outputs, when the latch is reset and the disply is unblanked. For
example, if the MSD were non-zero the latch could reset immediately the MSD appeared, so all
four digits would be displayed. Conversely if the MSD were zero but the second digit were non-zero
then the display would be blanked for the MSD and only three digits would appear. In this way
leading zeroes in the display are suppressed. The LSD is always displayed whether zero or not.

The D.P. input can be used to override the zero blanking by taking this pin to logic ‘0. This facility
allows a correct display to be obtained when a decimal point is used.

For example, if the decimal point is to the left of the MSD then a low-going pulse to the D.P. input
synchronous with the MSD output will cause all digits to the right of the decimal point to be
displayed, whether zero or not. Thus, if the input voltage were, say .0056 volts then the display
would be .0056. If the zero blanking were not overridden in this way the display would be .--56,
which is clearly unsatisfactory.

OSCILLATOR CIRCUIT

The operation of the D.V.M. circuit is controlled by a clock oscillator, which provides drive for the
counter, control logic and display multiplexing. Two external components, a resistor and a capacitor,
are required to make the oscillator function. The oscillator temperature stability is typically +0.02%
per °C.

As mentioned earlier, the oscillator frequency should be chosen so that T, — T, is a multiple of the
mains period. It should not be chosen so low as to cause noticeable flicker in the display multiplexing,
but on the other hand it should not be chosen too high or the design of the analogue circuitry
becomes more critical.

The optimum oscillator frequency is 20 kHz since this makes T, — T = 100 ms which gives good
hum rejection at either 50 Hz or 60 Hz. This frequency can be obtained by using the component
values shown in figure 3. The potentiometer may be adjusted to give a frequency of 20 kHz
measured at pin 28, in which case a high impedance, low capacitance probe should be used to
avoid loading the oscillator. Alternatively, the trimmer may be adjusted to give a frequency of
500 Hz at any of the digit select outputs, when no special precautions are required.

If required the oscillator timing components may be omitted and the oscillator input may be driven
by an external clock at TTL logic levels.
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Vec

TO PIN 28

220 pF

— T w0

FREQUENCY=20kHz ¢ 20%
5749

Figure 3. Oscillator external components.

INPUT AND OUTPUT CIRCUITS
Apartfrom the oscillator input (which is a Schmitt trigger type of circuit) all other inputs are as shown

in figure 4a. All outputs are as shown in figure 4b, except for those designated as open-collector,
which have no pull-up resistor.

Yec

Vee o
| |
[ 100K S |
| NOM.2 |
[ |
| D O |
SR, o
OUTPUTS )
ov ov .
A 5750 5751
Figure 4a. Input circuit Figure 4b. Output circuit
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DISPLAY DRIVING

The 20 mA sink capability of the segment outputs allows common anode LED displays to be driven
with a minimum of external components, as shown in figure 5. The segment current limit resistors
should be chosen to give the desired segment current, allowing for the forward voltage drop of the
LED, whilst the digit output resistors should be chosen to give sufficient base current to saturate
the digit drive transistors.
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Figure 5. Display drive circuit

OVERRANGE AND LOW BATTERY INDICATION

If the input voltage exceeds the full-scale range then the display will flash all ‘eights’ and the over-
range output, pin 22, will go high. Low battery indication may also be provided by the addition of
the simple circuit shown in figure 6.

Whilst the battery voltage is above 4.4V T, will be turned on via R1 and R2. Below this volage the
base potential supplied by these resistors will be insufficient to turn on T4 and it will then be
turned on and off cyclically by the auto-zero output, causing the display to flash whatever reading
is present.

390k
2 19
zTx109 BLKG
ZNA 216
AUTO
ZERO| ,, \
+ 5753

Figure 6. Low battery indication
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A PORTABLE D.V.M.

Figure 7 shows the circuit of a battery-powered D.V.M. based on the ZNA216, which uses readily
available components. ZN424 op-amps are used for the integrator and comparator, whilst bipolar
silicon transistors are used for the analogue switches. The basic sensitivity of the instrument is 4V,
and additional ranges of 40V and 400V are provided by means of an input attenuator. Printed circuit
board and component layouts for the D.V.M. are given in figures 8a to 9b.

However, this circuit design should by no means be considered as immutable. Since the analogue
circuitry is external to the ZNA216 it may be configured to suit the designer’s needs to give higher
input impedance, increased sensitivity etc.
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™ j)
>22% %“0" q < ALL 18
INA 216 INA 216,PIN 14
amnd
PNz8 L AAA—> ZNA 216 PINT3
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PIN12 VWAA—+ ZNA 216, PIN 11
ZNA216
L PINT
220p — _ — ] COMMON ANODE 7 SEGMENT DISPLAYS
* 27,
? ] e
. — _ — — —
Staf=-="1sb Ll Il || ||
L ad ad od ALL 150R
2 1 I AMA—>
INA 216 éwon 2Nk 216 1 1 AA—
PN 20 PIN 2 VYWV 70A 216, SEGMENT
A ORIVE OUTPUTS
~VW\—>
ov WW—>
6213
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Figure 7a. Battery-powered D.V.M. circuit, display section.
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Figure 8a. D.V.M. Main Board
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Figure 8b. Component Layout for Figure 8a.
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MICROPROCESSOR INTERFACING

.The ZNA216 may be used as a dual-slope A to D converter in data loggers and other data acquisiton
systems, where its 33 decade range offers a resolution comparable to a 13 bit binary ADC, but in
a more convenient BCD format.

Figure 10 is a block diagram which illustrates how the ZNA216 may be interfaced to an 8-bit
microprocessor. The principle of operation is that the four multiplexed BCD digits of the ZNA216,
plus the sign and overrange bits, are stored in four 4-bit latches so that they are available in parallel
form. The contents of the latches can then be read into the microprocessor as two 8-bit words. The
latches used are type 74173 which have three-state outputs for direct connection to the wP data bus.
Data is clocked into the latches using the positive-going edge of the appropriate digit drive outputs.

The latches are treated as two memory locations by using an address decoder which is connected to
their output enable pins. In this way data can be read out of the latches just as from any other memory
locations. Once data is in the latches it may be read out whilst the ZNA216 performs the next
measurement, thus eliminating any waiting time. The only time when data cannot be read out of the
latches is just after the ZNA216 has completed a measurement. At this time the data in the
internal latches of the ZNA216 will have been updated and the data in the 74173s may thus be
changing. The data in the latches will be stable after two multiplexed cycles of the ZNA216, which
is 4 ms if a 20 kHz clock is used. .

Since the auto-zero output of the ZNA216 goes high when a measurement has been completed
this output may be used as a BUSY signal. Data should not be read from the 74173 latches until at
least 4 ms after the auto-zero output has gone high.
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Figure 10. Interfacing the ZNA216 to a Microprocessor
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PIN CONNECTIONS
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FERRANTI

semiconductors ZNPCM1

A Single Channel Codec Integrated Circuit

FEATURES

@ Converts a delta-sigma modulated digital
pulse stream into compressed ‘A’ law pcm
and vice-versa.

® Enables realisation of a single channel codec
circuit with minimum component usage.

® Pinselectableinput/outputinterfaceproviding
either single channel operation at 64K bit/s
(2,048 kHz external clock) or up to 2,048K bit/s
(2,048 kHz external clock) for multi-channel
burst format.

Encoder and decoder can be clocked asynchro-
nously (useful for pcm multiplexapplications). 24-lead D.I.L.

Optional alternate digit inversion.
Electrically and pin compatible with AY-3-9900
Fully TTL compatible.

Requires only a single 5V supply.

DESCRIPTION

The ZNPCM1 integrated circuit is the result of a joint development programme between
the British Post Office and Ferranti Electronics Limited. Designed for use in single
channel codec systems the device accepts a deita-sigma modulated pulse stream at
2,048K bit/s (2,048 kHz external clock) and converts it into 8K sample/s compressed
‘A’ law pcm. In the decode direction the device performs the reverse function. A flexible
serial pcm input/output interface is provided allowing operation in a single channel
mode at 64K bit/s or at up to 2,048K bit/s (2,048 kHz external clock) for a multi-channel
burst format. Digit delay control is provided to compensate for transmission delays.
Optional alternate digit inversion is provided and the encoder and decoder can be
clocked asynchronously if required for use in pcm multiplex applications.

Designed for use with a 2,048 kHz system clock, when operated with the required delta-
sigma modulator and demodulator (see application report ‘a single channel codec’)
The device performance complies with B.P.O. specification RC5549B and CCITT
recommendations G711/G712 (1972).

The ZNPCM1 is guaranteed to operate up to 2,048 kHz and will typically operate up to
4 MHz. Operation is from a single 5V power supply with a typical power dissipation of
400 mW. All inputs and outputs are TTL compatible. Available in either a 24-lead
ceramic (ZNPCM1J) or moulded (ZNPCM1CE) dual in-line package, the device is
designed to operate over the temperature range 0°C to +70°C.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V¢

Input Voltage, V,y

Operating Temperature Range
Storage Temperature Range

RECOMMENDED OPERATING CONDITIONS

+7 Volts
+5.5 Volts

. 0°Cto +70°C
. —65°C to +150°C

Parameter Min. | Nom. | Max. | Unit
Supply Voltage, V¢ 4.75 5.0 525 | V
High-level Output Current, lg —_ — | —400 | pA
Low-level Output Current, Ig, —_ — 4 mA
Operating Temperature Range, T 5, 0 —_ 70 | °C
ELECTRICAL CHARACTERISTICS (over recommended operating temperature range).
Parameter Test Conditions Min. | Typ. | Max. | Unit
Viu High level input voltage 25 — — |V
ViL Low level input voltage — —_ 08 |V
Vou High level output voltage | Voo = Min., Igy = Max. 24 3.5 — |V
VoL Low level output voltage | Ve = Min., Ig = Max. — — 04 |V
liy  High level input current Vee = Max., Viy = Min. — 0.2 04 | mA
I Low level input current Vece = Max., V= Max. —_ -1 -10 | vA
lcc  Supply current Ve = Max. — 80 110 | mA
t,w  Encoder timing vector —_ 488 — | ns
pulse width
tv Encoding timing vector — — 100 | ns
pulse width with edge
variation
tww Decoder timing waveform 10 166 | — | ws*
pulse width
fmax Operating frequency 2.048 4 — | MHz
t. & t; Rise and fall times 0.4V to 3V Transition 5 -— 40 | ns
tow  Pulse width Between 1.5V levels 200 — — | ns
C, Input capacitance —_ _— 10 pF

128




ZNPCM1

PIN CONFIGURATIONS

Pin Notation Comments
1 ov
2 MS MODE SELECT (Note 1) .
Logic 0 = External pcm 1/0 interface timing
Logic 1 = Internal pcm 1/0 interface timing
DS1 DECODER SELECT 1 and 2 (Note 2)
DS2 dAth bit binary word selects required digit delay between encoder and
ecoder.
DS1 DS2 Digit Delay
0 0 0
0 1 1
1 0 2
1 1 3
5 ADI ALTERNATE DIGIT INVERSION
Logic 0 = No. ADI
Logic 1 = ADI
6 N.C. NO CONNECTION
7 ov
8 Vee
9 DSMO DELTA-SIGMA MODULATED OUTPUT SIGNAL
10 SGN SIGN BIT OUTPUT
Sign bit from the encoder, used to operate on the deita-sigma modulator
to reduce d.c. offset effects.
11 DSMI DELTA-SIGMA MODULATED INPUT
12 SRF SPECTRAL REDISTRIBUTION FUNCTION
Output signal used to operate on the delta-sigma modulator to reduce
low frequency quantisation noise.
13 PCMO PCM OUTPUT
14 SGBI SIGNALLING BIT INPUT .
Facility for adding signalling bit(s) to the output pcm stream.
15 ETV ENCODER TIMING VECTOR
A pulse defining the beginning of each frame used to maintain encoder
timing.
16 PCMI PCM INPUT
17 SGBO SIGNALLING BIT OUTPUT -
Serial output for extracting signalling bit(s) from the incoming pcm
stream.
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PIN CONFIGURATIONS (continued)

Pin Notation Comments
18 DTW DECODER TIMING WAVEFORM
A pulse used to indicate to the decoder when the input pcm stream is in
the input register (required only when external shift clocks are used).
19 SCE ENCODER SHIFT CLOCK
Used to control the output of serial pcm data from the encoder (when
MS is low).
20 CLKD DECODER MAIN CLOCK
21 CLKE ENCODER MAIN CLOCK
22 SCD DECODER SHIFT CLOCK
Used to control the input of the serial pcm data to the decoder (when
MS is low).
23 N.C. NO CONNECTION
24 I.C. INTERNAL CONNECTION
Make no external connection to this pin.

Notes:

1. With MSlow (logic 0) serial PCM transmission is under the control of an externally generated shift
clock SCE which can vary from 64 kHz to 2,048 kHz. The timing of this input function allows the
insertion of a number of signalling bits into the PCM stream via the SGB1 input. In the high
(logic 1) state the 8 bit PCM codeword will be transmitted at a rate of 64K bit/sec and each
codeword will occupy the full 125 us frame period with the leading edge of the first bit occurring
atatime defined by the ETV pulse.

2. Delays through the transmission network, normally under the control of transmission switches,
may cause the decoder input pulse stream to be delayed in time by a number of digits from the
original transmitted pulse. To compensate for this delay two control inputs, DS1 and DS2, are
provided. Consequently when MS is in the high state discrete digit delays of 0 to 3 periods may
be selected resulting in a controlled shift of decoder timing in order to re-align Bit 1 in its correct
position in the input register.

When using an externally generated clock (i.e. MS in low state) an input shift clock (SCD) and
timing waveform (DTW) are required to ensure that Bit 1 of the input codeword occupies its
correct position in the input shiftregister.
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FUNCTIONAL DIAGRAM

43Q023a
9919
ro [2] Iav [S 19 IWDd
| 1
Z 9y i 1 o~ t L 0
NILINI S
el— Nidla i Xl | |3 |Lvis LS 0895
wd (wnoov HOWv1 | [NOLLioav|  (NIVMVLY, 118 166 2]
L Lart ligvt} 113s4d0 L 81
€l €10 € el €t L6
rl S ax 1
oWsa L
6] E ads
Gl ' I 21901
= houlno—8 mia
0 1naNi |, 7
o 1nd1no (2] sw
WId 64 305
1895 _
v ——
N ' T Jouaz ' h3
: ST — ou3z IN0D 21907 250
2 3ndl 3nL
¥swad| |S XIHIVW e T = | ONINIL
oWdd [ |ndLno gl Imwwnn| [HOw|uwis _ 1sa
188 uazt|  fuaw i
Elfe—10 8 WNoJv o
&l g g il " ug vt L4
A1ddnS
AO DA 43 z1] 99'S
1
m_D & 1av 8] Nos [0Y o a—t]1nsa

H430O0ON3

131



ZNPCM1

x

hY

TIMING DIAGRAM

ENCODER
t '
127128 25510
U Linear To
‘A LAW'
CONVERSION [

TIMING VECTOR

127| 128 «———COUNT VALUE

MOST SIG' BIT OF COUNTER

ACCUMULATOR CLEAR

LOAD PULSE TO OUTPUT
SHIFT REGISTER

64kHz CLOCK TO OUTPUT

0 o I O N I - 04 A
I /7 SIoN 81T |
A8 UM 2 |3 a6 f7]8HYl]2] SHIFT REGISTER OUTPUT
DAL UL L FLF1LF]___s4kHz CLOCK TO OUTPUT
‘D' TYPE
| rsIGN BIT | ~—sion BT
| 8 2 |13]J4a]s16]7 |81 ]2] 'OTYPEOUTPUT, SERIAL
jl lz]sjels)elr]8] P.C.M. OUTPUT
™ ZERO SWITCH DELAY [ ]
[ ONE BIT DELAY INTERNALLY GENERATED
T I L_ | DGecober TIMING
! " B S Sevcreo
NLY ONE SELECT
[T _TWO BITS DELAY [ | WITH A2 BIT
ADDRESS)
THREE BITS DELAY
l l ]
]

|L““ ]
. 11213laisle 118/ ii/it /N 1213
NPTy Al'Ln!U'
I
l1i213j4)s)6y71e, . _ _1d2g3l

fe—————— 125 s -——--—>|

TIME FOR OUTPUT
oF |

SIGNALLING
BITS

132

EXTERNAL CLOCK TO OUTPUT
SHIFT REGISTER

SHIFT REGISTER OUTPUT

HIGH SPEED CLOCK TO
OUTPUT OF ‘D' TYPE

SERIAL P.CM. OUTPUT

6073/4



TIMING DIAGRAM
DECODER

g1 J2]3]e]s]e]7]8]r[2]

ZNPCM1

INPUT DIGITS

|
sy

| |
l7]18]1]12]3]lafs]elzls 1]

CLOCK TO INPUT
SHIFT REGISTER

DATA INTO FIRST
STAGE OF SHIFT
l [ REGISTER
| F ] TIMING WAVEEORMS
TO DECODER CLOCKS
‘A LAW' TO LINEAR FIRST LATCH
— CONVERSION TIME

j - < LI
THESE WAVEFORMS INTERNALLY

RETIMED TO DECODER
ACTIVE CLOCK EDGE

S‘IGNALUNG BIT

161718 [s|1]2]|3]a|s]6]7]8]

I

[6]7]18]s| [1]2]3]s]5]6]7]8]S]

LIEYE Y0 S VAP YU YPIPIP P 1Y

b1 | S

60741

133

INVERSE OF ABOVE
CLOCKS DIGITAL DSM.
INPUT LATCH

BURST OPERATION
(SIGNALLING BIT
PRECEEDING PCM BITS)

EXTERNALLY PROVIDED
SHIFT REGISTER CLOCK

BURST OPERATION
SIGNALLING SUCCEEDING
PCM BITS

EXTERNALLY PROVIDED
SHIFT REGISTER CLOCK

EXTERNALLY PROVIDED
TIMING WAVEFORM.
THIS WAVEFORM 1S
INTERNALLY RETIMED
TO THE DECODER
ACTIVE CLOCK EDGE



ZNPCM1
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LICATIONS INFORMATION
A Single Channel Codec

Fig. 1 shows a block diagram of a single channel Codec using the ZNPCM1. The circuit accepts
a band limited analogue input signal (300 — 3,400 kHz) and converts it to one bit/sample
delta sigma code format at a high sampling rate. The dsm bit stream is then converted by the
ZNPCM1 into 8-bit compressed pulse code modulation (pcm) code words at the standard rate
of 8K samples/sec, which is then converted into serial format for transmission serially at
64K bit/sec. External timing signals can be used to increase the transmission bit rate to
2,048K bit/sec. to allow for multiplexing in a burst format (see application b).
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Fig. 1.

The pcm input interface will accept either a 64K bit/sec. bit stream or, by the application of
external timing signals, a bit rate of 2,048K bit/sec. in burst format. This isthen converted by the
ZNPCM1 into a dsm bit stream at 2,048K bit/sec. The dsm demodulator accepts this bit stream
and produces one of two precisely defined analogue levels per single bit sample. The analogue
waveform can then be recovered via a low pass filter, cutting off just above the highest signal
frequency to be recovered (3.4 kHz).
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Output voltages of the dsm circuit are stabilised by supplying the quad D-type from a 5 volt
regulator, which is always associated with the Codec, and clamping the high state output
voltages to a 2.45V reference by the use of Schottky diodes. These also help to match the
voltages influencing the d.c. alignment conditions and minimise the effects of power supply
variations and noise. Resistor ratio stability is obtained, along with a small modqlatpr/dequ-
ulator physical size by implementing the resistors and small capacitors as an in-line hybrid.
More details of the operation of the dsm circuit are outlined in the Ferranti brochure ‘A Single
Channel Codec’.

An interesting development, again in co-operation with the British Post Office, is the integrated
circuit dsm solution now approaching completion. This will reduce the circuitry surrounding the
ZNPCM1 to a single I.C. and seven capacitors, the latter almost certainly to be made available
as a single in-line hybrid.

The Codec performance related to CCITT criteria is outlined in Fig. 2.
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Fig. 2.

(b) A 30 Channel PCM Codec Solution

Traditionally the code conversion process on branch-to-main telephone exchange systems
has been performed using multiplexed codecs. Historically the reason for this has been the
codec specification where the signal-to-noise and gain-linearity constraints imposed on the
systems have rﬂsulted in the use of expensive hybrid codecs. It might seemimmediately obvious
that the use of single channel codecs offers a more attractive solution, however a comparison of
one of the major performance criteria is first of all necessary, that of power dissipation.
Indeed, an initial comparison using the conventional 30 Channel PCM system shows the single
channel codec approach to disadvantage. However, a more detailed analysis, using the single
channel codecs in a power switching mode, shows this technique to be compatible with time
shared codecs. This is described in section (d).

Let us first of all consider the system approach for using the single channel codecs in a 30
Channle PCM system by looking at Fig. 3.
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Fig. 3.

Fig. 3 shows how a 32 time slot (Note: A 30 Channel system has in fact, 32 time slots, the
two additional ones being for signalling notation and synchronisation), 2,048K bit/sec.
multiplex can be formed and decoded using 30 single channel codecs, when the two directions
of transmission operate synchronously. Only the Nth codec is shown, connected to the ‘Nth’
port of the 32 port muitiplexer and demultiplexers. When the 5-bit address equals N the
2,048 kHz shift clock is routed through the ‘Nth’ codec for eight clock pulses as shown in
Fig. 4(a). The shift-in and shift-out clock terminals of the codec are commoned together. Since
the shift-out terminal uses a negative active clock edge and the shift-in terminal uses a positive
active clock edge the pcm digits for the two directions may be in exact time alignment. This is
compatible with using the same 5-bit address for the multiplexer and the other demultiplexer.

The Encoder Timing Vector (ETV) and the Decoder Timing Waveform (DTW) may be derived
from a counter driven by the 2,048 kHz clock and commoned across a number of codecs. For a
32 time slot multiplex, two sets of ETV's and DTW's should be generated with a half frame
displacement as shown in Figs. 4(b) and 4(c). The first pair will supply ports 0 to 15 and the
second pair ports 16 to 31, and consequently allowing the shift activity to be kept well clear of
the timing waveforms for a given codec.

For a conventional 32 time slot codec ports 0 and 16 correspond to the synchronisation and
signalling channels respectively.

Fig. 6 shows a similar arrangement for generating and decoding a 32 time slot multiplex when
the two directions of transmission operate asynchronously. The two directions are operated
quite independently but using similar principals to those previously discussed. It should again
be noted that two sets of ETV's and DTW's should be used.
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(c) Switching Applications

The ZNPCM1 can be used in a variety of ways to satisfy switching applications. One technique
is to operate directly on the 2,048K bit/s digit stream produced by the circuit arrangement
shown in Fig. 3, where each codec has a defined time slot in the bit stream. An alternative
technique would be to derive the address applied to the multiplexer and demultiplexer from the
contents of a random access memory (RAM) which defines the codec to be used in a given
time slot, in an exchange of PCM codewords between the codec and an intermediate store. In
this mode of use the codec interface is effectively used as a time switch store.

The circuit shown in Fig 5 can be used without an intermediate store where again the codec
addresses are derived from RAM'’s. The encode address defines the ‘source’ and the decode
address the ‘sink’ in a given time slot. The decode address may be delayed with respect to the
encode address by an integer number of 2,048 kHz clock periods to take account of any small,
fixed switching delay.
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Fig. 6.

Fig. 6 shows an arrangement where the codecs input and output continuously, allowing
9-bits (8 PCM plus 1 signalling) to be exchanged in each 125 us sample period. All the codecs
may be supplied with common ETV, DTW, 2,048 kHz and 72 kHz waveforms. Each bit is
retimed in the digital switch using a latch.

The digital switch may be operated using a bit switching arrangement, combined with the
extraction and insertion of the signalling bits. Alternatively the bits may be reformatted into
bytes and then byte switching performed. If the signalling is handled separately to the pcm
codewords then a 64K bit/s rate can be used to and from the codec. This is compatible with
using the codecs internal clock mode (MS = 1) in which case the only common timing
waveforms required at the codec are the 2,048 kHz clock and the ETV.
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(d) Power Switching

Comparisons have previously been made between shared and single channel codecs where
these comparisions were reduced to one of power dissipation. Considerable power savings
can be made by using the codecs in such a mode that they are only powered-up when
required for use.

Itis interesting to compare the power dissipation of an eight channel system using in one case
eight ZNPCM1s in a power switching mode and, in the other case, one of the more popular
time shared codecs which caters for eight channels. One single channel codec dissipates
600 mW and the time shared codec dissipates 1500 mW.

If the channel occupancy is p, then the average power dissipation per channel for the time
shared codec is given by

Wrs = 1- (1-p)s 52 mw

This assumes the time shared codec is only powered-up when any of the eight channels are
required for use.

The average power dissipation per channel using the single channel codecs is simply given by,
wSc = p.600 mwW

Fig. 7 shows a plot of power dissipation versus channel occupancy ; p for both approaches. The
busy period average channel occupancies are likely to be in the range 0.2 to 0.15, clearly the
lower end of the curves. Taking a figure of p = 0.06, for example, then the single channel
codec dissipates only 36 mW per channel, approximately 50% less than the time shared codec.
As the graph shows even for very busy exchanges given values for p of up to 0.3 shows the
ZNPCM1 system to dissipate less power.
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8. PACKAGE DETAILS
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