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1. Digital-to-Analogue Converters
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PRODUCT SELECTION GUIDE D TO A CONVERTERS

TYPE USEFUL [SETTLING| ON-CHIP [INPUT |TEMPERATURE FEATURES PAGE
RESOLUTION| TIME |REFERENCE |LATCH RANGE
(BITS) (us) (°C)
ZN425E SERIES 8to6 1 + - 0to 70 D to A with on-chip counter 1-11
ZN425J-8 8 1 + - -55 to +125 D to A with on-chip counter 1-11
ZN426E SERIES 8to 6 1 + - 0to 70 TTL and CMOS compatible 1-19
ZN426J-8 8 1 + - -55to +125 | TTL and CMOS compatible 1-19
ZN428E-8 8 0,8 + + 0to70 Microprocessor, TTL and CMOS compatible 1-25
ZN428J-8 8 0,8 + + -55 to +125 Microprocessor, TTL and CMOS compatible 1-25
ZN429E-8 8 1 - — 0to 70 Low cost, TTL and CMOS compatible 1-35
ZN429J-8 8 1 - - -55to +125 Low cost, TTL and CMOS compatible 1-35
ZN434E 4 0,3 Vee/2 - 0to 70 Low cost, TTL and CMOS compatible 1-41
ZN435E 8 0,8 + - Oto 70 D to A, up/down counter, clock-generator 1-44
' ZN435J 8 0,8 + — -55 to +125 D to A, up/down counter, clock-generator 1-44
ZN436E 6 1 - - 0to 70 Low cost, TTL and CMOS compatible 1-63
ZN436J 6 1 - - -55 to +125 Low cost, TTL and CMOS compatible 1-63
ZN558E 8 0,8 + + Oto 70 compatible to AD558 8 Bit Latched Input 1-63
ZN558J 8 0,8 + + -55t0 +125° | compatible to AD558 8 Bit Latched Input 1-63



DIGITAL TO ANALOGUE CONVERTERS

A Digital to Analogue converter (DAC) is a device which converts a digital
data inputinto 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 = VFS (B-|.2_!I + 82.2-2 "{" B:.;.2‘3 + ..... +Bn.2.n)
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 Vg.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 (Vso).

n —
It occurs when all inputs are “1” and is equal to Vg ((22,,1)). For
example the maximum output of a 3-bit DAC is Z V.
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



D to A Converters

1-4

1.2

Ves (VREF) O

0 VOLTS Oo—

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
full scale 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.

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 (Vger) 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.

OUTPUT
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i
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Fig. 2. 3-bit Voltage Switching DAC



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 Vs/, 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 isincreased 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



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

1.3.6 Linearity Errors

Offset and gain errors may be trimmed out so that the end points of the
transfer characteristic lie at zero and Viso. 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
orafraction of an LSB, by which any point on the transfer characteristic
deviates from the ideal straight line passing through zero and Vggo.
Non-linearity is illustrated in figure 5. A linearity error within the range
+-4 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 that itis smaller
than nominal. If it is more negative than —1 LSB then the DAC is
non-monotonic. However, positive differential non-linearity may
assume any value and a DAC can still be monotonic, as shown in
figure 5.
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Fig. 5. lllustrating Linearity Errors
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1.3.8

1.3.9

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 Vs, e.g. 8
bits = 1 partin 28 (256). Resolutionimplies nothing aboutthe accuracy
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.

F.S.
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Fig. 6. Non-monotonic 3-bit DAC With a Useful Resolution of 2 bits
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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.9.01111111 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

_VREF
2

coding is normally binary but the output voltage is offset by
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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semiconductors ZN425 Series

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 kQ2 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.
*Veeo—g]
3301 Analogue
R-2R Ladder 14 Output
VREF o—rf
e ] T T TTT]
Reference v ;
|—0 nput
ov | Switches | S REF NPV
1
gie gh oo
Bit 6 o—8 Bit 3
Bit 50—~ Bit 4
9 0
L Input Select Switch —l
Select JITITITITITITITT
(High tor Counter)® 2 RERERERSRSRa!
Clock 0—4'———{ Q 8 Bit Binary Counter &1 ]
1 | E D W D U O U Counter Reset
3 (Low to reset)
w2

Fig. 1 — System Diagram



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.

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

R(OOkn) R . R R Pinl4_ Analogue
Output
2R 2R 2R 2R 2R

VRet ! ’ -- ’

- ]-4 ‘o-] L ‘o-l L \-l L

ov -
Bit8 Bit?7 Bit2 Bit1
MS.B.  “16N

Fig. 2 — The R-2R Ladder Network _

Each 2R element is connected either to OV or Vg g by transistor sw:tches 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.

ORDERING INFORMATION

Operating Temperature| 8-bit Accuracy 7-bit Accuracy 6-bit Accuracy Package
0°Cto +70°C ZNA425E-8 ZN425E-7 ZNA425E-6 Plastic
-55°C to +125°C ZN425J-8 — — Ceramic

ABSOLUTE MAXIMUM RATINGS

Supply voltage Ve .. .. .. +7-0volts
Max. voltage, logic and Vgee mputs .. .. +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



ZN425 Series

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

Internal voltage reference

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

Note: The internal reference requires a 0 -

8-Bit D to A Converter and Counter

22 uF stabilising capacitor between pins 1 and 16.

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
ZNA425E-6 6 — — bits
Non-linearity —_ — | +0-5] LS.B. See Note 3
Differential non-linearity — +0-5) — 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 | ps 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 »| Vs —_ 3 8 mV
ZN425E-7
Full scale output 2-545|2-550|2-555]| volts All bits ON
Ext. VREF= 256V
Full scale temperature coeff. — 3 — | ppm/°C | Ext. Vggg=2'56V
Non-linearity error temp. coeff. — 7-5 —_ ppm/°C | Relative to F.S.R.
Analogue output resistance Ro — 10 — kQ
External reference voltage 0 — 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 20 — — | 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 ©A ¥?c= =2 TR/X'
— — 100 | pA x‘f‘i —_E‘, fréz{/x.
Low level input current, I - — |-0-68] mA Vee = max.
bit inputs V,=0-3V
Low level input current, clock | 1 - — |-0-18| mA
reset and input select
High level output current loH — — -40 | pA
Low level output current loL — — 1-6 | mA
High level output voltage Vou 2:4 — — volts \écﬁ T min.
lioag = —40 uA
Low level output voltage VoL —_ — 0-4 | volts \(l)cﬁ- —6- min.
lioag = 1-6 MA
Maximum counter clock fe 3 5 - MHz See Note 5
frequency
Reset pulse width tp 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 4 V¢ via a
1 kQ resistor.

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

(a) For the ZN425J, the maximum linearity error may increase to -1 LSB over the tempera-
tureranges -55°Cto 0°Cand +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. Fhax in A/D mode is 300 kHz, see page 1-18
6. Monotonic over full operating temperature range at resolution appropriate to accuracy.

1-14
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If Pin 2 is high then the output
equals the Q output of the

corresponding counter. Bits 1-8 D——
. SI‘P From
If Pin 2 is low then the output ‘ counter

transistor, Tr1 is held off.

15k 240kn 20k

To switches

ov s/

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 V,,, = 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
(1LS.B. = 32'—5%‘1 = 15-0 millivolts.)
I‘SV
°-°|’JF
L. ]
0.22pF
T ‘ v 18
2 15
—3 .
— 13 _Analogue
Bita—s 12 Output
Bit7—s  m 6.8kn
Bt6—7 10
18 9 5kn £ SR
ZN425E $ R
>
S18kn
ov
ﬂL -5v )

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 ps 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

3
3
S
:
Sk
Anal A

ln;ul, 0.22pF
o] FSR
15]

NV~ WN

S

AMAA-

o

5
[}
n,
<
2z
@
~
il
Ll

14 2

T

l l ZN4L2SE

.8 bit digital output

ov

i 1
Lo Clock Convert

Command

Fig. 5 — 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.

1-16



ZN425 Series

IoSV
'ETO-ZZ}JF
1 1
»—-'\N\AE 2 15
tkn L 13 14
4 13
—s 12
—6 n
—7 10}
8 9
o ZN42SE
Clock Input
ov

/J7 -SyY 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).

IN42S . 5[
Pin 14

6.8k
Set zero

£ Skan
Set F.S.R.

-5V

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

Input Select
Counter Reset
Clock

Bit8

Bit 7

Bit 6

+Vee

PIN CONNECTIONS
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2]
3[]
40
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6]
70
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116
16
114
113
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111
110
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Vper Output

Veer Input
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CHIP DIMENSIONS AND LAYOUT
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FERRANTI

semiconductors ZN426 Series

8 Bit Monolithic D to A Converter

FEATURES

@® 8. 7 and 6-bit Accuracy

©® ZN426E 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 45V Supply

@ Settling Time 1 usec. Typical

® Only Reference Capacitor and Resistor required

DESCRIPTION

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

14
6 ©+Vec
VREFO_—_] l
OUTPUT 8
32.5V —oN.C.
REFERENCE
R-2R LADDER & ABG#%?E
OVo- 7
A A4 44408
VReFo—2 ] switcHes |
INPUT
9 ojnpi2j13f1 §213
A Ay

(o,
(og
(o

0O 0O0O0
BIT87 6 5 4 3 2BIT 1I(MSB)
DIGITAL INPUTS 5¢84/1

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 Crgr can be omitted.

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

R(10kn) R
------ A NALOGUE
OUTPUT
§ 2R 2R 2R
VREFIN% _____
(PIN5) L L - VOLTAGE . L
SWITCHES

o voLTS

o—t————————— - - - - -
(PIN'7) BTs BT a2 B

MSB 5799
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.

ORDERING INFORMATION

Operating Temperature | 8-bit accuracy 7-bit accuracy 6-bit accuracy Package
0to +70°C ZNA426E-8 ZN426E-7 ZN426E-6 Plastic
-55to +125°C ZN426J-8 — — Ceramic

ABSOLUTE MAXIMUM RATINGS

Supply voltage Vo .. . .. .. +7.0 volts
Max. voltage, logic and Vger |nputs .. .. +5.5 volts
Storage temperature range .. .. .. .. =65t0 +125°C
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ELECTRICAL CHARACTERISTICS (V¢c = +5 volts, T, ., = 25°C unless otherwise specified).

Parameter Symbol | Min. | Typ. | Max. Units Conditions
Converter
Resolution 8 — — bits
Accuracy (useful resolution)
ZN426J-8 8 — — bits Vgeg input
ZN426E-8 =2.0 to 3.0 volts
ZN426E-7 7 — — bits
ZN426E-6 6 — — bits
Non-linearity — — +0.5 | L.S.B. Note 1
Differential non-linearity — +0.5 — 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. — 2.0 —_ us Allbits ON toOFF
or OFF to ON
Offset voltage ZN426J-8 | Vgg — 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 | 2.550 | 2.555 | volts All bits ON
Ext. VR EF =
2.560V
Full scale temp. coefficient — 3 —_ ppm/°C | Ext. VRgg =
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 +-0.4% FSRi.e. --1 LSB over
the temperature ranges —-565°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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ELECTRICAL CHARACTERISTICS (continued)

Parameter Symbol | Min. | Typ. | Max. Units Conditions
Analogue output resistance | R, — 10 — | kQ
External reference voltage 0 — 3.0 volts
Supply voltage Vee 4.5 — 55 Volts
Supply current ls — 5 9 mA
High level input voltage Viu 20 — — | volts
Low level input voltage ViL — — 0.7 volts
High level input current hn — — 10 | A x?ijrzl\z;x
— — 100 | A ¥?c= =5 ‘rg\a/x.,
Low level input current lie — — | -0.18 | mA Vce = max.,
VvV, =03V
Internal Voltage
Reference
Output voltage VRer 2475 | 2.55 | 2.625 | volts Note*
Rper = 39002
Slope resistance Rg — 1 2 ohms Rger = 390Q
Vgrer temperature coefficient — 40 — ppm/°C | Rggr = 390Q

Note® The internal reference requires a 1 wF stabilising capacitor between pins 7 and 6 (Cggfg)
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 Ry 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.
ji. Setall bitsto ON (high) and adjust R4 until V,,, = Nominal full scale reading -1 L.S.B.
iii. Repeat /. and ji.
e.g. Set F.S.R. to +3 -840 volts - 1 L.S.B. = 3-825 volts

3-84

(1LSB. = 256

= 15.0 millivolts.)
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I-&-sv
Roce
3%%15’ Bit 3—1 ~
Bit 2—2 13—Bit ¢
Bit1—|3 12——8it5 Analogue
L 11— Bit6 Output
5 10}— Bit7 6.8k
6 9—— Bit8
7 8— N.C. 5knég{9
CREF =L INL26 ,
LO}JF %Wkn.
[}
”L -5V 5800

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).

+5v
ZING426 s
Pin 4 10
ZLD741CE
AR 9
6 310kﬂ 6.8k
Set zero
5k
-8y Set F.S.R.
18k
5797

Fig. 4. The ZLD741 as Output Buffer
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PIN CONNECTIONS
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FERRANTI
semiconductors ITAR:

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 ® Microprocessor compatible
® TTL and 5V CMOS compatible
® 800 ns settling time ® Complementary to ZN427 A to D Series

® ZN428E-8 Commercial temperature range 0°Cto +70°C
® ZN428J-8 Military temperature range -55°C to +-125°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 0—7—] R-2R LADDER 5 ad OUTPUT

+25V

REF 1
ANALOCUE - 1 SWITCHES — VREF IN
GROUND 8 [3)

+ Vee 10l
DIGITAL ENABLE
GROUND o~ 3 DATA LATCH 4:0
A
2| 1] 16| 15] 14] 13| 12| 11

0 0 0 0 o o o
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 lnput
Operating temperature range

Storage temperature range

Analogue Ground to Digital Ground ..

.. +7.0 volts

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

..=-55°Cto +125°C
. £200 mV

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

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

Internal Voltage

Reference )

Output volt 2.475 | 2.550 | 2.625 | volts

utput voltage v EREF _ ?QOFQ

Slope resistance 0.5 2 Q REF = | I

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 <Vggg |y 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 uVv/°C

Full scale output 2.545 | 2.650 | 2.555 External reference
VREF IN = 2.560 VOItS,

Full scale output T.C. 2 ppm/°ClJ all bits ON

Analogue output resistance 4 kQ

External reference voltage 0 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 :

ZN428E-8 0 70 (o
ZN428J-8 -55 125 | C
Supply voltage (V) 4.5 5.0 5.5 | volts

Note 1 See REFERENCE

Note 2 R_ =10 MQ, C_ = 10 pF.
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ELECTRICAL CHARACTERISTICS (continued)

Min. | Typ. | Max. | Units Conditions
Supply current 20 30 mA Note 3
Power consumption 100 mW
Logic
(over specified operating
temperature range)
High level input voltage 2.0
Low level input voltage 0.8
High level input current 60 | nwA VN = 5.5V
cc= Max.
20 uA VN =24V
Vcc = Max
Low level input current -5 pA Vin = 0.4V
Vee = Max
Input Clamp Diode Voltage -1.5 \") Iin=-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 (V4 = 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 or Vggr N 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(4kn) R R R D TO A OUTPUT
AW A — = —
2R 2R 2R 2R 2R
VREF IN . _ L _
(PIN 6) L L —_ VOLTAGE _.L L
SWITCHES

ANALOGUE L

Gl(a’%Ng) HV:)S BIT 8 BIT 7 BIT 2 BIT | (MSB)

s823/1

Fig. 2. The R-2R Ladder Network
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Analogue Output = 52_6 (Vrer 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 Vo 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 wV/°C) the effect on accuracy is negligible.

r—ree—— e — - —- - al

! ' ANALOGUE

! R(4ka) ' QUTPUT

I A =

| ]

' :

| n

- —V

Tz REFIN § RL
|

| ANALOGUE

! | GROUND

, >

| '8

L___2N428 | se2¢

Fig. 3. Analogue Output Equivalent Circuit

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

0.2R R
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 wilfbe

less than 0.2%. Alternatively the ZN428 can be buffered by an amplifier (see APPLICATIONS
seation).

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 +Vcc (pin 10) and pin 7. 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, Cggp =
1 wF is required between pins 7 and 8 for internal reference operation, Vger oyt (PN 7)
being connected to Vgeg |n (pPin 6).

Up to five ZN428s may be driven from one internal reference (there is no need to reduce RRer)
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 Vgeg 5. The slope resistance of
such a reference source should belessthan —r—? Q, where n is the number of converters supplied.

VRer 1N Can be varied from 0 to + 3 volts for ratiometric operation. The ZN428 is guaranteed
monotonic for Vgeg |y above 2 volts.
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ZN428E-8/J-8

Vee + sv

(PIN 10)
RREF
(3904)

VREF OUT

®IN 7)

CREF

(1pF)

ANALOGUE
GROUND
(PIN 8) srre

Fig. 4. Internal Voltage Reference

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. Wher Enable goes high the input data

word is held in the data latch.

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.

- O Vee

INPUT

o
TO INTERNAL
LOGIC

DIGITAL

—° GROUND

5826

Fig. 5. Equivalent Circuit of All Inputs

1-29
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APPLICATIONS

(1)

Unipolar D to A Converter

The nominal output range of the ZN428 is 0 to Vg s through a 4 kQ resistance. Other output
ranges can readily be obtained by using an externall 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 + g—z) Vrer IN = G. VRer N

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 kQ). 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 R, and R, can be constructed
for Vper 1N = 2.5 volts.

Output Range G R, R,
+5V 2 8kQ 8kQ
+10V 4 16kQ2 5.33kQ2

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
la —A— N
LSB MSB
v
1 16
2 15 Ry
“NABLE 3 1
Ef\i/iBLE 4 13 RZ
AOUT 5 i~ >
1
Veer [outly ouTPUT
8 9 -
CReF |
IuF

o
+5 VOLTS

5¢27

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

+2°, RESISTORS
0,
0-01uF +20°, POTENTIOMETERS

39a

FROM ZN 428
OUTPUT(PINS) 4]

FROM ZN 428
oUTPUT (PINS) 4

ANALOGUE ANALOGUE
OUTPUT OQUTPUT

56ka lka
Sia OAIN GAIN
f ADJUST ADJUST
82ka 56ka
L !
-0V -15V
+5 VOLTS FULL SCALE + 10 VOLTS FULL SCALE 528

Fig. 7. Unipolar Operation — Component Values

UNIPOLAR ADJUSTMENT PROCEDURE

(i) Set all bits to OFF (low) with Enable low and adjust zero until Voyt = 0.0000V.
(i) Set all bits ON (high) and adjust gain until Vot = 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 3FS

10000001 + FS + 1LSB

10000000 + FS

01111111 iFS—1LSB

01000000 FS

00000001 1LSB

00000000 0
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(2) Bipolar D to A Converter

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

VREF IN
L R

L A

R2

AN
@ ——0 OUTPUT

FROM ZN 428
OUTPUT(PIN 5) sv1q

B ——

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 @nd 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 R;. R, and R3 which meet these conditions are given by
R, = 8G kQ, R, = 8G/(G-1) kQ and Rz = 8kQ
where the resultant output range is 4G Vggg |n-

A bipolar output range of +Vger n (Which corresponds to the basic unipolar range 0 to
Vgser IN) isobtainedif Ry = R3 = 8kQand Ry = co.

Assuming that Vgee |y = 2.5 volts the nominal values of resistors for 4+-5V and 410V output
ranges are given in the following table :

Output Range G R, R, R3
+5V 2 16 kQ 16 kQ 8kQ
+10V 4 32kQ 10.66 kQ 8k

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

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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+i0v +15v
+ 2%, RESISTGRS ﬁ
£20°% POTENTIOMETERS 2200 pF

FROM ZN 428
OUTPUT (PIN 5) 4]

0-O1uF

FROM ZN 428

ANALOGUE ANALOGUE
OUTPUT QUTPUT
13ka 27ka
OFFSET OFFSET
Ska  ADJUST 10k Apjust

(-FULL SCALE) (-FULL SCALE)

13ka 8 2kn

GAIN
Skn Apjust

GAIN
Ska ApJuST
(+FULL SCALE)

(+FULL SCALE)

!

VREF IN -5V

VREFIN  -10V

+5 VOLTS FULL SCALE +10 VOLTS FULL SCALE  *'>°

Fig. 9. Bipolar Operation — Component Values

Bipolar Adjustment Procedure

(1) Set all bits to OFF (low) with Enable low and adjust offset until the amplifier output reads
—Full Scale.

(2) Set all bits ON (high) and adjust gain until the amplifier output reads + (Full Scale —
1LSB).

BIPOLAR SETTING UP POINTS

Input Range, +FS LSB -FS + (FS-1LSB)
+5V 39.1mV | -5.0000V | +4.9609V | 4 g 2FS
256
+£10V 781 mV | ~10.0000V | +9.9219V

BIPOLAR LOGIC CODING

Input Code Analogue Output
(Offset Binary) (Nominal Value)

11111111 +(FS—-1LSB)

11111110 + (FS - 2LSB)

11000000 +4FS

10000001 +1LSB

10000000 0

01111111 -1LSB

01000000 —4FS

00000001 —(FS-1LSB)

00000000 -FS
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PIN CONNECTIONS

Bit71[ ] U [ JeBite
Bit82 [ | [ J1sBits
NC3 [ ]« Bits
ENABLE 4[| [ J13 B3

Analogue output 5[: :]IZ Bit 2
vrer 1N 6] Ineitimse)
VREF OUT 7[: :]10+Vcc(+5 volts)
Analogue ground 8 E j 9 Digital ground
st

CHIP DIMENSIONS AND LAYOUT

—BITS

ENABLE — —BIT ¢
—BIT 3 [126MIL
ANALOGUE __
oureur
VRer IN—
—BIT2

6222

VREF OUT —

ANALOGUE __
GND
BIT1—



FERRANTI
semiconductors ZNA29 Series

8 Bit D/A-Converter, Low Cost

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 +5V Supply

@ Settling Time 1 psec. 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.

&, ANALOGUE
R-2R LADDER OUTPUT
0V¢>——Z
L aAdbAAbnay
VREF 5
VREF o S| SWITCHES |
1 3
49111011“1521634\ AZA
o0 000
BIT87 6 S 4« 3 2BIT 1(MSB)
DIGITAL [NPUTS 5996

Fig. 1. System Diagram



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.

The cor;verter 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 &
A AA A oo ANALOGUE
OUTPUT
% 2R 2R 2R 2R 2R
v
mgg; ° ' % '
L L < VOUTAGE __o L L
SWITCHES
ovours,_ i : ‘< !
Vec BIT8  BIT7Y itz BT
oS MSB 6000

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 bitinputs.

An external fixed or varying reference is required which should have a slope resistance less than
2ohms.

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
Oto +70°C ZNA429E-8 ZN429E-7 ZN429E-6 Plastic
-55to +125°C ZN429J-8 — — Ceramic

ABSOLUTE MAXIMUM RATINGS

Supply voltage Ve .. . - .. .. +7.0volts
Max. voltage, logic and Vggg inputs .. .. +5.5volts
Storage temperature range . . .. .. .. —55to+125°C
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CHARACTERISTICS (at T, = 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 VREer input
ZN429E-8 = 2.0t03.0volts
ZN429E-7 7 — — bits
ZN429E-6 6 — — bits
Non-linearity — — +0.5 | L.S.B. Note 1
Differential non-linearity — +0.5 — 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. — 2.0 — us All bits ON to OFF|
or OFF to ON
Offset voltage  ZN429J-8' | Vs — | 50 | 80 | mv All bits OFF
ZN429E-8 Note 1
ZN429E-7 — 3.0 50 | mV
ZN429E-6
Vos temperature coefficient - 5 — wV/°C
Full scale output 2.545 | 2.550 | 2.555 | volts All bits ON
Ext. Vgeg =
2.560V
Full scale temp. coefficient — 3 — ppm/°C | Ext. Vggr=
2.560V
Non-linearity temp. coeff. — 7.5 — ppm/°C | Relative to 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 +-0.4% FSRi.e. +1 LSB over

the temperature ranges —-565°Cto 0°Cand +70°Cto +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 —_ 55 volts

Supply current Ig — 5 9 mA

High level input voltage Viu 2.0 — — | volts

Low level input voltage ViL — — 0.7 | volts

High level input current liK —_ — 10 wA x?C:——iT\a;x
- — 100 | A ¥,°°= =5 .g\cx.,

Low level input current 'R — — | -0.18 | mA Vcc = max.,

V,= 0.3V

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 R, until V,,, = Nominal full scale reading -1 L.S.B.
iii. Repeat /. and /i.
e.g. Set F.S.R. to +3.840 volts — 1 L.S.B.

= 3.825 volts
3.84 -
(1 LSB.= 256 = 15.0 millivolts)
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+5V
0~01).;F
- 68.n
Bit 3—]1 12
Bit 2—2 13f—-sit ¢
Bit1——3 12——Bit5
Analogue
—l 11— Bit6 Output
VREF IN 5 10}—— Bit 7 z 6.8kn
(2:5V NOMINAL) N.Cle of— Bits 100pF :%:
R
7 8— N.C. Sk 2%a.
INL29
i%!SkA
ov
”L _sy 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).

v§v

ZN4L29 5
Pin 4

2 Skn

Set F.S.R.

18k

5998

Fig. 4. The ZLD741 as Output Buffer
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PIN CONNECTIONS

Bit3 1 U :] 16 +Vee (5 volts)
Bit2 2 [ 113 Bit ¢

(MSB)Bit1 3 [ ]2 BitS
Analogue Output & [_| [ ]n Bitse
VRer In 5 [ 10 Bit?

NC.6 [ ]9 sits(se

ov 7 :] 8 N.C.

CHIP DIMENSIONS AND LAYOUT

67 MIL
ANALOGUE BIT1
OUTPUT (MsB)
VREFIN—™
—BIT 2
a3 |8eML
GND =—
N.C.o— -—+Veec
BIT 8— —BIT4
BIT?7 BIT6 BITS 2y



FERRANTI
semiconductors ZN434

4 Bit D/A-Converter, Low Cost ‘ '

ADVANCE PRODUCT INFORMATION

FEATURES

® 4 bit resolution
® Y. LSB linearity
® Voltage output
® 300ns settling time
® TTL and CMOS compatible
@® Single + 5V supply
® On-chip V¢ reference
2
® 0°Cto +70°C or —40°C to + 85°C temperature range.

DESCRIPTION

The ZN 434 is a 4-bit DAC containing an R-2R ladder network of diffused resistors and precision bipolar
switches. An on-chip reference amplifier and attenuator provide a reference voltage of V¢, allowing

the IC to function with no external components. 2
||
(MSB) DB; [ * ] Vec (+5V)
R
DB 4 + GND
Ju BIT ]
DAC R
DB, [:_'— /‘ ] Vrer N

(LsB) DBo [ ] ANALOGUE OUT

6566
ZN 434 SYSTEM DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage V¢e
Logic and V gge inputs

Operating Temperature (ZN 434E)
(ZN 434BE)
Storage Temperature .

+ 7.0 volts
. 0to Vge
Min Max
0°C +70°C
—40°C +85°C
—55°C +125°C

ELECTRICAL CHARACTERISTICS (Voe = +5V, T,mp = 25°C unless otherwise stated)

Parameter Min. Typ. | Max. | Units Conditions
D to A Converter Resolution 4 — — Bits
Linearity error — — |+0.25|LSB 1.5V<Vggrin < 3V
Differential Linearity error — - +0.25| LSB
Linearity error tempco - +3 - ppm/°C
Differential linearity
error tempco - +6 — ppm/°C
Zero error — 3.0 50 |mV
Zero error tempco — +6 — MV/eC
Full-scale output
(Ve as reference) 2.235 | 2.345 | 2.456 | volts
Full-scale output
(External reference) 0.922 1 0.938 | 0.954 | V¢ in 1.5V<Vger in < 3V
Full scale tempco - +3 - ppm/°C
Analogue output resistance 1.75 2.5 3.25 | k
Analogue output capacitance - 15 - pF
Settling time
to 0.5 LSB - 200 300 |ns Code transition
0000 o 1111
1111 0000
- 100 150 | ns 1 LSB step
Supply voltage +4.5 +5 +5.5 |V
Supply current - 10 15 | mA
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Parameter Min. Typ. Max. |Units Conditions
On chip reference amplifier
Output voltage Veex0.97 | Ve |Veex1.03

2 2 2

Input current — 1 — HA
Offset voltage +10 mV
Input resistance 9 18 27 k
Logic Inputs
High level input
voltage V| 2.0 — — Vv
Low level input
voltage V| - - 0.8 \
High level input - - 10 |pA Vee=5.5V,V,=2.4V
current Iy - - 100  |[uA Vee=V,=56.5V
Low level input
current |y — - 180 |uA Vee=5.5V,V,=0.3V

CIRCUIT DESCRIPTION
D to A Converter

The ZN 434 is a 4 bit DAC consisting of an R-2R ladder of diffused resistors and precision bipolar
switches designed for low offset voltage.

The ladder operates in the voltage switching mode and produces an output voltage
Vour=n_ (Veee n—Vos) + Vos. Where nis the digital code set at the bit inputs and Vg is a small offset
16

voltage caused by the supply current flowing through the lead resistance of the ground pin.

On-chip Reference Amplifier
The ZN 434 contains a reference amplifier and attenuator that provide a reference voltage of nom-
inally Vqc without any external components. Taking into account the attenuator error, input

2
current and offset voltage of the amplifier and gain error of the DAC the full-scale output will be within
+ % LSB of the nominal value of 0.369 x V.

By maintaining an accurate and stable supply voltage the ZN 434 may thus be used without an exter-
nal reference. Where several ZN 434s are used in a system the Vggr inputs may be joined together
to improve Vgge matching.

If a reference voltage other than V. is required then the on-chip attenuator may be overridden,

2
either by connecting a lower resistance attenuator in parallel or by using an active reference such as

a bandgap reference source.
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PACKAGE OUTLINE
LEAD 1
I n}__(—l
1 o
7.62
ctrs. E 635

| SN0 S R NN I S |

10,16 MAX

r 0,5
2
i _#8iR
T Ia,z
i MIN

4882 MD/2

8 Lead Moulded D.I.L.
Dimensions in millimetres.



FERRANTI
semiconductors ZN435 E/J

8 Bit D/A-A/D-Converter

ADVANCE PRODUCT INFORMATION

FEATURES

® Multimode device operates as:
—DAC
—ADC
—Tracking ADC
—Voltage to Frequency Converter
—Ramp and Sawtooth Generator
—Nonlinear Waveform Generator
—Voltage — Controlled Oscillator
— Track-and-Hold Circuit

©® 8-bit Accuracy

® 800ns DAC Settling Time

® On-chip Up/down Counter

® On-chip Clock

® On-chip Voltage Reference

® Single + 5V supply

® Commercial or Military Temperature Range.

DESCRIPTION

The ZN435 is a versatile, multifunction 8-bit data conversion system. A voltage-output DAC, 8 bit
up/down counter, stable 2.5V bandgap reference and clock generator are contained on a single chip.

VREF INO—51 _ Vcc
v 25V ANALOGUE
REF OUTO—7 REF 8 BIT Dac o
1 ] DB7 _, 4 (MsB)
GROUNDO "
. 9 o | DIGITAL INPUTS/
9 [OUTPUTS
O
DB C 8 J (LsB)
—>~{ INPUT SELECT SWITCH [
T
contrOL 0 0 I I I
uPo—7 tocic  [*{uPMSB (5B]  |0SCILLATOR
DOWN O— e DOWN
15 8 BIT BINARY CLOCK RC/
MODE o— C¥{MAX UPIDOWN COUNTER * 7O EXTERNAL CLOCK
—
|
RESETO ] 6567

13
Fig. 1 SYSTEM DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Ve . . . . .. +7.0 volts
Max. Voltage, Logic and Vgge mputs . . . .. Vee

Operating Temperature Range

TYPE Tminl°C) Tmax(°C)

ZN435E 0 +70

ZN435J ‘ —55 +125
Storage Temperature Range .. —55°Cto +.125°C

ELECTRICAL CHARACTERISTICS (Vgo= +5V, Vgge=1.5—3.0V T, = +25°C unless otherwise

stated). -
Parameter Min. Typ. | Max. Units Conditions
D TO A CONVERTER
Resolution 8 — - bits
Linearity Error - +0.25| +0.5 L.S.B. T .7 T
Differential Linearity Error — |+0.25| +1 | LssB. min famb - fmax
Zero Error — 5.0 10.0 mV 7_N4355A" bits OFF
— 5.0 10.0 mV ZN435J
Settling time to 0.5LSB - 500 - ns All bits OFF to ON or
- 800 - ns vice versa
Full-scale output 2.545| 2.550 [2.555 \ All bits ON,
VREF = 2.56V
Output Resistance — 4 - k
Full-scale Temperature
Coefficient — 4 - ppm/°C Ext Vger=2.56V
Reference Voltage 0 — 3 \%
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Parameter Min. Typ. | Max. Units Conditions

On-chip Voitage Reference

Output Voltage 2.4 2.59 2.7 \% Rper =390 -~

Slope Resistance — 2 4 -~ Crer=220n

Temperature Coefficient of Vgge| — 50 — ppm/°C

Reference Current 4 — 15 mA

Counter (with external clock)

High Level Threshold Voltage

Vi, — - 2.3 Y,

Low Level Threshold Voltage

Vi_ 1.7 - - v

Maximum Clock Frequency 1 1.5 - MHz

On-chip Clock .

Maximum Frequency 500 — — KHz

Clock Frequency Tempco — 100 — ppm/°C

Clock Resistor 10 — 100 k

Clock Capacitor 470 - - pF

High Level Threshold Voltage

Vi, — 4.6 — \"

Low Level Threshold Voltage

Vi_ - 1.5 — Vv

Supply Rejection - 0.8 — %IV

Logic Circuits

BIT INPUTS

High Level Input Voltage V 2.0 — — \%

Low Level Input Voltage V,_ — — 0.8 \%

High Level Input Current |y - — =100 pA Viy=2.4V

Low Level Input Current | - - =220 HA Vin=0.4V

BIT OUTPUTS !

High Level Output Voltage Vgy P 5.0 P No Load

Low Level Output Voltage Vo | — 0.1 -

High Level Output Voltage VoH 24 | — - \" |y= —-40LA

Low Level Output Voltage VoL i 0.4 Vv L= 2,5mA
Parameter Min. Typ. Max. Units Conditions

CONTROL INPUTS

High Level Input Voltage V4 2 — - Vv

Low Level Input Voltage V,_ — - 0.8 \

High Level Input Current I, — — —25 A Viy=2.4V

Low Level Input Current |, - - —-95 HA Viy=0.4V

Reset Pulse Width 200 - nS

Power Supply

Supply Voltage 4.5 5 5.5 \

Supply Current — 35 45 mA Vee=5.5V
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GENERAL CIRCUIT OPERATION

The ZN435 incorporates an 8-bit DAC based on a voltage switching R-2R ladder network. The reference
voltage for this ladder may be derived from the on-chip precision bandgap reference, or an external
reference voltage may be supplied.

The ZN435 also contains an 8-bit up/down counter and control logic. The DAC may receive its digital
input data from the counter, the counter outputs being simultaneously available at an 8-bit /O port.
Alternatively the counter outputs may be inhibited and the I/O port used to feed data direct to the
DAC inputs.

An on-chip oscillator is provided to drive the clock input of the up-down counter. The on-chip clock
may be overriddenby an external clock signal.

UP/DOWN COUNTER AND CONTROL LOGIC

The counter is a high-speed, synchronous up/down type, whose operation is determined by four control
pins. The functions of the UP, DOWN and RESET inputs are fairly self explanatory. the MODE input
determines the behaviour of the counter at zero and full-scale. When the MODE input is high the counter
will reset to zero if it is clocked past full-scale in the UP direction and will reset to 255 if it is clocked
past zero in the DOWN direction. When the MODE input is low the counter will stop on reaching full-scale
or zero.

The normally invalid state of UP and DOWN inputs low simultaneously is also utilised in the ZN435.
With the MODE input high and UP and DOWN inputs low the counter will cycle up and down continuously,
reversing at full-scale and zero. With all three control inputs low the counter outputs are disabled and
the DAC inputs are accessible from the 1/0 port.

A truth table for the control inputs is given in Table 1.

RESET | MODE | DOWN upP DIGITAL FUNCTION ANALOGUE WAVEFORM
1 1 1 1 Counter Stopped.
1 1 1 0 Count up continuously. pavard
1 1 o} 1 Count down continuously. [\N\OVREF
1 1 0 0 Count up, reverse at F.S., VREF/\/\/\
count down, reverse at zero. 0
1 0 1 1 Counter Stopped.
1 0 1 | O | Countup, Stop at F.S. o _— Ve
1 0 0 | 1 | Count down, Stop at zero. |[VaeF ~___ o
X 0 ] 0 DAC MODE, Counter output
disabled. Counter can still be
reset by taking reset input
low.
[¢] X X X Counter reset. Does not
affect analogue output in
DAC MODE.
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Vee
20kn
Bits 1-8
To switches
counter
ov

44151

Fig. 2—BIT INPUTS/OUTPUTS

DATA PORT

One bit of the data port is shown in figure 2. The input/output pin is the junction of the counter output
buffer and the DAC input buffer.

Normally the DAC is driven from the counter and the counter data is also available at the port. However,
when the counter outputs are disabled the output transistors are turned off and the DAC inputs may
be accessed from the data port.

The data port can drive or be driven from B-series CMOS and all TTL families.

CLOCK CIRCUIT

The on-chip clock circuit of the ZN435 is shown in figure 3.

|
1
RT |
4.5V
M | COMPARATOR
1.2V T + E
| a3 p TO INTERNAL
S LOGIC. COUNTER
c | ) CLOCKS ON
T THRESHOLD| | FALLING EDGE
| SWITCH
! F v
Fig. 3 6568
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The frequency of the clock is given by fo = 1 (Hz,~, F)
4R;Cc
Graphs of oscillator frequency versus resistor and capacitor values are given in figure 4.

? TMHz
f CLK

100KHz

\
N\

10KHz

1KHz

100Hz

10Hz N \

NN

100pF n 10n 100n W 10u 1000
CT—

Fig. 4 6569
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The external capacitor Cyis charged via the external resistor Ry to the upper threshold of the comparator
(about +4.5V with VCC = + 5V). The comparator turns on the discharge CT and switches its threshold to
the lower value of about 1.5V.

When the voltage on Ct has fallen to this level the comparator turns off the discharge transistor and the
cycle repeats.

The clock can be overdriven direct from a TTL totem-pole output, as shown in Figure 5a. If open collector
or CMOS-Gates are used then their Vo mustbe attenuated to below 4.5V, as shown in Figures 5b and 5c¢.

The output low, Vo , may be the normal low level for either CMOS or open collector output.
This slightly complicated arrangement, has the advantage that the clock can be overdriven without tur-
ning-on the discharge transistor, provided that the drive voltage Vo -level does not exceed 4.5V.

With these thresholds the Schmitt-Trigger delivers clock pulses to the internal logic.

\
\
'1 Py
b) OPEN COLLECTOR OUTPUT

<) CMOS ' OUTPUT 6570

Fig. 5. OVERDRIVING
THE CLOCK INPUT
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ANALOGUE CIRCUITS
D TO A CONVERTER

The DAC is of the voltage switching type and uses an R-2R ladder network as shown in figure 6.

R(4K) R R R D TO A OUTPUT
2R R 2R R 2R

VReF IN,_
(PIN7)

<+—VOLTAGE —»

SWITCHES
0 VOLTS .|

o—i
(PIN 9) Vos BTE  BIT7 BIT2 BIT1
(MSB) 5569

Fig. 6 R2-R LADDER NETWORK

Each 2R element is connected to either 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.

Vour=_0_ (Vger n —Vos) + Vos
256
where n1s the digital input from the counter or data port.

Vs is a small offset voltage that is produced by the device supply current flowing in the package lead
resistance. The value of Vg is typically 3mV for the ZN435E and 5mV for the ZN435J. This
offset will normally be removed by the setting up procedure and since the offset temperature coefficient

is small the zero drift will be small. The DAC output range can be considered to be O volts to
VRger v With an output resistance R (4k ).

REFERENCE

ON-CHIP REFERENCE
The internal reference is an active bandgap circuit which is equivalent to a 2.5V zener diode with a
very low slope impedance (Fig. 7).
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Ve +5V
(PIN 18)

RREF
(3900)

VReg OUT
(PIN 12)

Cref (220n)

GROUND 5562/1
(PIN 9)

Fig. 7 INTERNAL VOLTAGE REFERENCE

An external resistor (Rgpgp) should be connected between pins 12 and 18 to bias up the on-chip
reference, whilst a stabilising/decoupling capacitor (Cggr) is required between pins12and 9.

To use the internal reference Vger out (Pin 12) is connected to Vgee 1y (Pin 10).

The recommended reference resistor of 390-~will supply a nominal reference current of 6.4mA which
is sufficient to drive the reference inputs of up to five ZN435s. Where several ZN435s are used in
a system this useful feature can save up to four resistors and capacitors as well as reducing power
consumption and giving excellent gain tracking.

APPLICATIONS

The applications of the ZN435 are too many and varied to detail in this data sheet. However a few
basic configurations are illustrated.

WAVEFORM GENERATOR

The circuit of a low-frequency waveform generator is illustrated in figure 8.
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o +5V
390
FREQUENCYT  TIOKTTOK]10K
ADJUST
680K —
16
15 1
14
IN435  |p)
* TRIANGLE WAVEFORM FREQUENCY N 13 QIGITAL .
x2 FOR SAWTOOTH 12
52 1" 8
FREQUENCY 10
SELECT 9
001+01Hz 1Hz 10Hz 100Hz §1KHzZ® ANALOGUE
A OUTPUT
1 i100n 10n  |In 100p 220n F&—n
o OV
Fig. 8 WAVEFORM GENERATOR 6571

This will produce stable, linear, sawtooth and triangle waveforms.

RAMP AND COMPARE A TO D CONVERTER

A simple ramp and compare A to D converter can be constructed using the ZN435 and an external

comparator, as shown in figure 9.

o— -0 +5V
10K 390
STATUS
17 18
16
15 1
%
DIGITAL
B IN4L3S OAIA
1 8
10
RESET/START L™ 5
o> 2
1N i ek 220N
o TT —o OV
Fig. 9 RAMP AND COMPARE ADC 6572
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The counter is set to count up from zero, producing a positive-going ramp at the analogue output.
When the ramp voltage exceeds the analogue input the comparator output will go high, inhibiting the
clock and stopping the counter. The converter can be reset and re-started by applying a low-going

pulse to the reset input.

The basic analogue input range is 0 — Vggg , but other ranges can be accommodated by adding an attenuator
to the comparator input. The comparator offset adjustment can be used for zero adjustment. Note
that in this circuit the mode input is tied low to make the counter stop at full-scale. This prevents the
counter cycling in the event of an overrange input.

TRACKING A TO D CONVERTER

The on-chip up-down counter allows the ZN435 to be configured very simply as a tracking A to D
converter using an external comparator, as shown in figure 10.

R _ @ sv
7K5 390{1]10Kf]105(|j
ZERO WINDOW
ADJUSTLA, —PADJUST
18
S 17
36K INL24 ©
AEX Iy
% ZN435 DIGITAL
ADJGJ\SI# - DNIVO  [Ra14 13 DATA
5K ‘% 12
1
1K v 10
9
220n 100p
- —
G 17 oo
6573

Fig. 10 TRACKING ADC



ZN435

In this circuit two ZN424 op amps are used to make a window comparator. This has a deadband equal
to one LSB of the DAC output (10mV), which is set by adjusting the offset of A1 until its threshold
is TOmV above that of A2.

Whenever the analogue voltage is above the threshold of A1 the counter will count up so that the
DAC output increases to follow the analogue voltage. Whenever the analogue voltage is below the
threshold of A2 the counter will count down to make the DAC follow the analogue voltage. When
the analogue voltage is between the two thresholds the outputs of A1 and A2 will be high and the
counter will be stopped.

The circuit here has an analogue input range of + 10V. Other ranges may be accommodated by suitable
choice of input resistors.

Note that in this circuit the mode input is tied low. This causes the counter to stop when full-scale

or zero is reached, i.e. when the analogue input exceeds plus or minus full-scale. Without this feature
the counter would simply cycle continuously.

PIN CONNECTIONS

08, 1] U 5w
] [17] cLock Re
E 16 ] mooe

INPUTS] QUTPUTS <] [15) bown

G} ZN435 [14] up

[¢]

]

[

E] RESET
2] Ver our

o8, [8 1] aNaLOGUE ouTPUT
GND |9 E VREF IN
6574



FERRANTI
semiconductors ZNA36E/J

6 Bit D/A-Converter, Low Cost

ADVANCE PRODUCT INFORMATION

FEATURES

® 6-bit Accuracy

® ZN436E Commercial Temp. Range 0°C to +70°C
® ZN436J Military Temp. Range —55°C to + 125°C
® TTL and 5V CMOS Compatible

® Single + 5V Supply

® Settling Time 1 usec. Typical

©® Designed for low-cost applications

DESCRIPTION

The ZN436 is a monolithic 6-bit digital to analogue converter containing an R-2R ladder network of
diffused resistors with precision bipolar switches.

4 ANALOGUE

R-2R LADDER -0 GUTPUT
ovo—L
4 4 4 4 42
VREF 5 SWITCHES
INPUT
M Nz 13 2 3
I Y N S W
O 0 O O O O
6 5 4 3 2 BIT1 (MSB)

DIGITAL INPUTS
5996

Fig. 1. SYSTEM DIAGRAM



ZN436E/J

INTRODUCTION

The ZN436 is a 6-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 6-bit accuracy using normal diffused resistors.

The converter 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
[] 2R 2R 2R 2R 2R
VREF o ) R
INPUT
L L <« VOUTAGE __,
SWITCHES
0 VOLTS I} l |
Vos DBO DB1 DB4 DB5
MSB 6000

Fig. 2 THE R-2R LADDER NETWORK

Each 2R element is connected either to OV or Vgge 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.

An external fixed or varying reference is required which should have a slope resistance less than 2 ohms.

Suggested external reference sources are the ZN404 or one of the ZN458 range. Each ZN404 is capable
of supplying up to five ZN436 circuits and this is increased to ten for the ZN458 range.



ZN436E/J

ORDERING INFORMATION

Operating Temperature | 6-bit accuracy Package
0 to +70°C ZN436E Plastic
—55to +125°C ZN436J Ceramic

ABSOLUTE MAXIMUM RATINGS

Supply voltage V¢c . . .. +7.0 volts
Max. voltage, logic and Vgee mputs . .. +5.5 volts
Storage temperature range . . .. —bb5to +125°C

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

Parameter Symbol | Min. Typ. | Max. | Units Conditions
Converter
Resolution — - bits
Accuracy (useful resolution)
ZN436J 6 — — bits Vger input
=2.0 to 3.0 volts
ZN436E 6 — — bits
Non-linearity — — +0.5| L.S.B. Note 1
Differential non-linearity - +0.5 - L.S.B. Note 2
Settling time to 0.5 L.S.B. — 1.0 — MS 1 L.S.B. step
Settling time ot 0.5 L.S.B. — 2.0 — MSs All bits ON to OFF
or OFF to ON
Offset voltage ZN436J Vos - 5.0- | 8.0 mV All bits OFF
Note 1
ZN436E - 3.0 5.0 mV
Vs temperature coefficient - 5 — | uv/ec
Full scale output 2.510 | 2.520 | 2.530| volts All bits ON
Ext VREF=
2.560V
Full scale temp. coefficient - 3 — | ppm/°C Ext. VRgr=
2.560V
Non-linearity temp. coeff. - 7.5 — |ppm/°C Relative to F.S.R.




ZN436E/J

CHARACTERISTICS (continued)

Parameter Symbol | Min Typ. | Max. | Units Conditions
Analogue output resistance Ro - 10 - k2
External reference voltage (o] - 3.0 volts
Supply voltage Vee 4.5 — 5.5 volts
Supply current ls, - 5 9 mA
High level input voltage ViH 2.0 — — volts
Low level input voltage Vi — - 0.7 volts
High level input current Vik - — 10 MA Ve =max.,
V,=2.4V
- - 100 HA Vce =max.,
V,=5.5V
Low level input current i - - —0.18] mA Ve =max.,
V,=0.3V

APPLICATIONS

1. 6-bit D to A Converter

The ZN436 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 Rg, will be less than 0.004% per

to be=>650k

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 6k§2. 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 R, until V,,,= Nominal full scale reading —1 L.S.B.

iii. Repeat i. and ii.

°C(or1L.S.B./100°C) if R_is chosen




ZN436E/J

+5V
O
Bit 3 1 14
8it 2——2 13p——B8it 4
Bitt—3 O 12—Bit5
9 Analogue
, L < MNpP—Bitd Output
REF IN 5 Z 10|N.C.
(2-5V NOMINAL) N.Cl6 N 9(N.C.
7 8|N.C. SknFSR
oV

it

5997

Fig. 3 6-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 buff_er

(Fig. 3).

IN436
Pin 4

+5vV
5 0n
710761080
4 9
6 [310k 6-8kn
Set zero
5kn
-8y Set F.S.R.
18k
5998

Fig. 4 THE ZLD741 AS OUTPUT BUFFER
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PIN CONNECTIONS

(MSB)BIT 1 3 |::
Analogue Output LE
VREF IN5 [:

NC 6 [:

ov7

jlb +Vee (+5 volts)
313 BIT 4
j\Z BITS
jl\ BIT 6

6596



FERRANTI ING5SE.8
semiconductors ZN558J-8

8 Bit DAC with latched Input

ADVANCE PRODUCT INFORMATION

FEATURES

Contains DAC with data latch and on-chip reference

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

TTL and 5V CMOS compatible

800ns settling time ® Complementary to ZN447 A to D Series
ZN558E-8 commercial temperature range O to + 70°C

ZN558J-8 military temperature range — 55 to + 125°C

GENERAL DESCRIPTION

The ZN558 is a Monolithic 8 bit D to A converter with input latches to facilitate updating from
a data bus. The latch is transparent when Enable is LOW and the data is held when Enable
is taken HIGH. The ZN558 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.

VREF OUT ANALOGUE
ST R R-2R LADDER 752 OUTPUT
+25V
aEF 't 4 4 4
ANALOGUE T VREF IN
GROUND © SWITCHES -0
13 15
+Vce NC
o I S S N N N N g
DIGITAL ENABLE
ROUND o- DATA LATCH =
12 10
4 A4
o & &6 68464
BIT8 7 6 5 4 3 2 1
(LSB) (MSB)

[SRRR

Fig. 1 System Diagram



ZN558E-8/J-8

ABSOLUTE MAXIMUM RATING

Supply voltage V¢ L .. .. .. +7.0volts

Max. voltage, logic and Vggr input .. .. .. +Vce

Operating temperature range .. .. .. .. .. 0 to +70°C (ZN558E-8)
-55to +125°C (ZN558J-8)

Storage temperature range .. . . .. .. =-bbto t+125°C

Analogue Ground to Digital Ground .. .. .. +200mV

ELECTRICAL CHARACTERISTICS (V= +5 volts, T,m, = 25°C uniess otherwise specified).

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

S S P G - + . e S ——
Internal Voltage i
Reference ' !
Output voltage ) 2.475(2.5502.625| volts  Rggr - 3900
Slope resistance 0.5 } 2 Q " Crep = 1uF
Vger out T-C. 50 ppm/°C
Reference current 4 15 mA Note 1
D to A Converter
Linearity error +0.5 LSB 2.0V <Vgegr 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 +6 uV/eC
Full scale output 2.545|2.550|2.555 ) External reference

* Vger in=2.560 volts,
Full scale output T.C. 2 ppm/°C | ) all bits ON
Analogue output resistance 4 kQ
External reference voltage 0 3.0 volts
Settling time to N5 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:

ZN558E-8 0 70 C

ZN558J-8 -55 125 C
Supply voltage (Vi) | 4.5 5.0 5.5 volts

Note 1 See REFERENCE, page 4.
Note 2 R =10MQ, C_= 10pF.



ELECTRICAL CHARACTERISTICS (continued)

ZN558E-8/J-8

Min. | Typ. | Max. Units Conditions
Supply current 20 30 mA Note 3
Power consumption 100 mW
Logic
(over specified operating
temperature range)
High level input voltage 2.0 \%
Low level input voltage 0.8 \%
High level input current 60 nA Vin=5.5V, V¢ =Max.
20 ;LA V|N=2.4V, Vcc=Max.
Low level input current -5 uA Vin=0.4V, Ve =Max.
Input Clamp Diode Voltage -1.5 \ y=-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| =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 or Vg iy 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 D TO A OUTPUT

R(4ka} R R
2R 2R 2R
VREF N o o —
(PIN15)
< VOLTAGE >
SWITCHES
ANALOGUE
GROUND o] . |
(PIN 13) VoS BIT 8 BIT 7

Fig. 2 The R-2R Ladder Network

BIT2

BIT 1(MSB)
6880



ZN558E-8/J-8

Analogue Output = %(VREF in— Vos) + Vos

where n is the digital input to the D to A from the data latch.

Vs is a small offset voltage produced by the D to A switch currents flowing through the package
lead resistance. The value of Vg is typically TmV. This offset will normally be removed by the
setting up procedure (see APPLI%ATIONS section) and because the offset temperature coefficient
is low (+6,V/°C) the effect on accuracy is negligible.

r ________
ANALOGUE

| R(4kn) | outPUT

I |

| T . _VREF N | RL
256 |

I | ANALOGUE

| | GROUND

| N

[ ZN5s58 | 6891

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.

The gain drift due to this is 0.2R 9 per °oC
R+R,

R_ should be chosen to be as large as possible to make the gain drift small. As an example if
R, =400kQ then the gain drift due to the T.C. of R for a 100°C change in ambient temperature
will be less than 0.2%. Alternatively the ZN558 can be buffered by an amplifier (see
APPLICATIONS section).

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 (Rger), should be connected
between + Ve (pin 11) and pin 14. The recommended value of 3909 will supply a nominal
reference current of (5.0-2.5)/0.39 = 6.4mA. A stabilising/decoupling capacitor Cgee = 1uF
is required between pins 14 and 13 for internal reference option, Vger oyt (pin 14) being
connected to Vgee iy (pin 15).

Up to five ZN558's may be driven from one internai reference (there is no need to reduce

Rrer). 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 Vger . The slope resistance

of such a reference source should be less than 2.5, where n is the number of converters
supplied. n

Vger v can be varied from O to + 3 volts for ratiometric operation. The ZN558 is guaranteed
monotonic for Vgee |y above 2 volts.



ZN558E-8/J-8

Vee +5V
(PIN 11)

RREF
(3900)

VREF OUT
(PIN 14)

| CREF
 (WF)

§li

ANALOGUE

GROUND [
(PIN13) 6892

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.

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

The ZN558 is provided with seperate analogue and digital ground connections. The circuit will
operate correctly with as much as + 200mV between the two grounds.

o Vec

INPUT

TO INTERNAL
LOGIC

o DIGITAL
GROUND

6893

Fig. 5 Equivalent Circuit of All Inputs
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APPLICATIONS

(1

Unipolar D to A Converter

The nominal output range of the ZN558 is O to Ve through 4kQ resistance. Other output
ranges can readily be obtained by using an external amplifier.

The general scheme (Fig. 6) is suitable for amplifiers with input bias currents less than 1.5uA.

The resulting full scale range is given by
Vour FS = (1 + g;_) Veerin = G-Vrer N

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 (4kQ) The required nominal values of R1
and R2 are given by R1=4GkQ2 and R, - 4G/(G-1)k{.

Using these relationships a table of nominal resistance values for R; and R, can be
constructed for Vggr vy = 2.5 volts.

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

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 transistion is 1.5us typical.

(

A
Ppe— % out
—— 15 i
out | VREF
—_—— s %
INPUT | —— 8
DATA e ls &
——16 n RREF
—_—7 10 e
(MsB———8 9 3%0a L cper
+° Wk
vods 1
o/ A
Ry ENABLE
R2
- =
OUTPUT o— ZN424P %
+
6894

Fig. 6 Unipolar operation - Basic Circuit
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FROM ZN558
OUTPUT (PIN16) 4,

ANALOGUE
ouTPUT
5-6kn

GAIN
Ska ApjuST

8-2ka
)
-10v
+5 VOLTS FULL SCALE
+15V
*+ 2% RESISTORS
+20% POTENTIOMETERS 0-O1uF
39n
FROM ZN558
OUTPUT (PN6) ,,
ANALOGUE
ZNa24P OUTPUT
ko
GAIN
10ka ADjUST
56ka

[
-15v

+10 VOLTS FULL SCALE 6898

Fig. 7 Unipolar Operation - Component Values
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UNIPOLAR ADJUSTMENT PROCEDURE
(i) Set all bits to OFF (low) with Enable low and adjust zero untii V1= 0.0000V.
(i) Set all bits ON (high) and adjust gain until Vo,; -FS  1LSB.

UNIPOLAR SETTING UP POINTS

Output Range, +FS LSB FS - 1LSB
+5V 19.5mVv 4.9805V 1LSB - FS
S 256

+ 10V 39.1mV 9.9609V

UNIPOLAR LOGIC CODING

Input Code Analogue Output

(Binary) (Nominal value)
11111111 FS - 1LSB
11111110 FS - 2LSB
11000000 % FS
10000001 2FS + 1LSB
10000000 %2FS
01111111 %2FS - 1LSB
01000000 % FS
00000001 1LSB
00000000 ¢}




(2) Bipolar D to A Converter

ZN558E-8/J-8

For bipolar operation the output from the ZN558 is offset by half full scale by connecting

a resistor Ry between Vggr v and the inverting input of the buffer amplifier (Fig. 8).

VREF IN
R3
R1
Y
" ed
R2
B |
.
% o OUTPUT
FROM ZN558
OUTPUT (PIN 16) 6896
MM U

Fig. 8 Bipolar Operation - Basic Circuit

When the digital input to the ZN558 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 ZN558 output
of Vger |y and the amplifier output required is + Full scale. Also, to match the ladder resistance
the parallel combination of Ry, R, and R3 should be 4k{.

The nominal values of R;, R, and Rz which meet these conditions are given by
Ry =8GkQ, Ry =8G/(G-1)kQ and R3 =8k

where the resultant output range is + G Vggr -

A bipolar output range of + Vggr v (Which corresponds to the basic unipolar range O to
Vger in) is obtained if Ry =R3=8kQ and R, = .

Assuming that Vgee |y = 2.5 volts the nominal values of resistors for £ 5V and + 10V output

ranges are given in the following table:

Output Range G R, R, Rj
+5V 2 16kQ 16kQ 8kQ
+ 10V 4 32kQ 10.66kQ 8k

Minus full scale (offset) is set by adjusting Ry about its nominal value relative to Rj3. 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 7.5kQ (instead of 8.2kQ) to get a more symmetrical range of adjustment using standard

potentiometers. Settling time for a major transition is 1.5us typical.
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FROM ZN558
OUTRUT (PIN1) 4

* 2°, RESISTORS

+ 20°% POTENTIOMETERS

FROM ZN558
OUTPUT (PIN16) 4

0-01uF
3%n
J ANALOGUE
6 OuTPUT
13kn
33pF ==

OFFSET
Skn ADJUST
(-FULL SCALE)

.

6
VREF IN  -10V

!3kn

l Ska
\/

GAIN
ADJUST
(+FULL SCALE)

*5VOLTS FULL SCALE

+15V
2200pF
100n
1
ZNL2LP > ANALOGUE
6 OUTPUT
7 27ka
33pF ==
OFFSET
10ka ADJUST
(-FULL SCALE)
82kn
[]8 2ka
GAINST
5 ADJU
ko (+FULL SCALE)
A
VREFIN  -15V
+10 VOLTS FULL SCALE 6897

Fig. 9 Bipolar Operation - Component Values



Bipolar Adjustment Procedure

(1) Set all bits to OFF (low) with Enable low and

—Full scale.

ZN558E-8/J-8

adjust offset until the amplifier output reads

(2)  Set all bits ON (high) and adjust gain until the amplifier output reads + (Full Scale - 1LSB).

BIPOLAR SETTING UP POINT

Input Range, +FS LSB -FS +(FS - 1LSB)
+5V 39.1mV - 5.0000V +4.9609V
B + 10V - 78.1TmV —10.0000V +9.9219V

BIPOLAR LOGIC CODING

1LSB=2FS
256

Input Code
(Offset Binary)

Analogue Output
(Nominal value)

11111111
11111110
11000000
10000001
10000000
01111111
01000000
00000001
00000000

+(FS - 1LSB)
+(FS - 2LSB)
+ %FS
+1LSB

0

- 1LSB

- %FS

—(FS - 1LSB)
-FS

1-73
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PIN CONNECTIONS

BIT8 1 U [ 116 ANALOGUE OUTPUT
BIT7 2 115 VRer N

BIT6 3 [ ] VRer our

Brs 4[| [ ]13 ANALOGUE GND
B4 s ["]12 DIGITAL GND

BT3 6| ] +¥c (+5 VOLTS)
ar2 7] []10 CHIP SELECT (€3)
e *5 e e

REEA

PACKAGE DETAILS

LEAD LEAD 1 ‘
r—1r—\r—|r—1r—1|ﬂr—|-~*—j‘————r0'2S ﬁr—urﬁr—ll—'u—n:—x» 10
o
\
2 dq [ 2
20,32 MAX . 20,82 MAX

MAXLWW M MAXL@DHHHHHH‘J
M j

osell | Lase _.]1.465 ossdle. s _dm

MAX MAX
4681 MD/1 5365 C1

16 - Lead Moulded D.I1. 16 - Lead Ceramic D.I.L.

Dimensions in millimetres



2. Analogue-to-Digital Converters

Contents
page
Product Selection Guide 2-2
Orientation 2-3
ZN425 8 Bit A/D-D/A-Converter, see D/A-Section 1-11
ZN427 8 Bit yP-compatible Converter with Reference, 2-15
successive Approximation
ZN432 10 Bit Fast Converter with Reference 2-39
succ. Approx., serial and parallel Outputs
ZN432E 10 Bit Fast ADC with Reference, Low Cost 2-49
Plastic Version
ZN433 10 Bit Fast ADC with Reference, Tracking System 2-51
ZN435 8 Bit A/D-D/A-Converter, see D/A-Section on-chip 1-45
ZN440/1 6Bit Flash-Converter for Video Systems 16 MHz 2-61
ZN447 8 Bit yP-compatible Converter with Reference and 2-77
clock-generator, successive Approximation, /4LSB
ZN448 8 Bit ADC, »2LSB Version of ZN447 2-77
ZN449 8 Bit ADC, 1 LSB Version of ZN447 2-77
ZN450 314Digit DVM Circuit for direct LC-Display Drive 200mV FS 2-99
ZN451 314Digit DVM Circuit for direct LC-Display Drive 2mV FS  2-122
ZN501/2 10 Bit ADC puP-compatible, Tristate outputs 2-146
ZNA116 312Digit DVM Circuit for MPX-LED-Displays 2-162
ZNA216 3%Digit DVM Circuit for MPX-LED-Displays 2-176
ZN412 Digital Clinical Thermometer 2-192



PRODUCT SELECTION GUIDE A TO D CONVERTERS

TYPE USEFUL CONVERSION CONVERSION ON-CHIP |TEMPERATURE FEATURES PAGE
RESOLUTION| TIME (us) METHOD REFERENCE| RANGE (°C)
(BITS)
ZNA425E Series 8-6 1000 Ramp and compare + O0to 70 Low cost dual purpose 1-11
A/D-D/A converter
ZN425J 8 1000 Ramp and compare + -55to +125 | Low cost dual purpose 1-11
A/D-D/A converter
ZN427E-8 8 10 Succ. Approx. + O0to 70 Microprocessor, TTL and 2-15
CMOS compatible
ZN427-J8 8 10 Succ. Approx. + -65to +125 | Microprocessor, TTL and 2-15
CMOS compatible
ZN432 Series 10-8 15 Succ. Approx. + 0to70 Parallel/serial Output, 2-33
TTL and CMOS compatible
ZN432 Series 10-8 15 Succ. Approx. + -55 to +125 | Parallel/serial Output, 2-33
TTL and CMOS compatible
ZN433 Series 10-8 1(AU;jp,=1LSB) | Tracking + . 0to 70 Parallel/serial Output, 2-51
' TTL and CMOS compatible
ZN433 Series 10-8 1(AUj=1LSB) | Tracking + -55 to +125 | Parallel/serial Output, 2-51
TTL and CMOS compatible
ZN435E 8 800 Ramp and compare + 0to 70 Dual purpose A/D-D/A 1-47
converter (up/down counter)
ZN435J 8 800 Ramp and compare + -55 to +125 | Dual purpose A/D-D/A 1-47
converter (up/down counter)
ZN440/441 6 0.06 Parallel (Flash) - 0to 70 Ultra fast monolithic Video 2-61
A/D converter
ZN447-449E 8-6 9 Succ. Approx. + Oto 70 Clock generator, Microproc. | 2.77
Series TTL and CMOS compatible
ZN447-449J 8-6 9 Succ. Approx. + -65to +125 | Clock generator, Microproc. | 2.77
Series TTL and CMOS compatible
ZN450E, CJ 3 %2 Digit 250ms Charge balancing + 0to 70 Single chip DVM for direct 2-99
BCD LCD drive
ZN451E, CJ 3 'I/32CDDigit 250ms Charge balancing + O0to 70 as ZN450, Full scale 1.999 mV [ 2-122
ZNA116E 3 2 Digit 160ms Dual Slope - Oto 70 DVM logic subsystem for 2-162
BCD LED MPX display
ZNA216E, J 3 ¥ Digit 160ms Dual Slope - 0to 70 DVM logic subsystem for 2-176
BCD LED MPX display
ZN501/502 10 15 Succ. Approx. + -55to +125 | Three state output 2-146
Processor compatible
ZN412 3 Digit 5 sec. - + Oto 70 Thermometer 35°C to 47,6°C 12-192




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 (B1.271 4+ Bp22 + ... +B,.2") =V,, +1LSB

8
R
I
7+ —r—
1,7
//l
61 —~—
\7
71l
/
ST r—J,
g
//I
LT r—,-——j
7
71
/
3t ——
%
/1
/
2t i
’/
71\
/
1+ <
%
4
J 1y ; ., N
0 t + t + + t +
1 1 3 1 S 3 7
1‘8 4 8 2 8 4 8 F.S.
-]
1
2LS.B. 6040

Fig. 9. Ideal 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 4 LSB on either side of the nominal
analogue input for a particular code. For example, the nominal input
for output code 2 is + Vs. The transition from 1 to 2 occurs at % Ves
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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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



2.2.2

Staircase and Comparator

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.

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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Fig. 11. Staircase (Ramp) and Compare ADC
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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 -+ LSB, the input is within the ‘window’
of the comparator and the counter is stopped. This is illustrated in
figure 13. A trdcking 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.
v CLOCK
. e
WINDOW n-BIT UP-DOWN
COMP COUNTER
DOWN T OBIT 1
— o
— o
& -i-|----0
DAC OUTPUT | #i-l-[---0
TRACK]NG INPUT | | ?—— —-|-—-=-0
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I i ——0 BITn
L1
< n- BIT DAC
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Fig. 12. Tracking ADC

As an extreme example consider an analogue input that changes from
Veso to (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.



A to D Converters

o
DIGITAL OQUTPUT
ANALOGUE INPUT

RS |

|

21 |

o ]
0 —_—

5055

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 41 LSB X clock frequency. If this
condition is met there is no need to use a sample-and-hoid circuit on
the analogue input.

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

Successive Approximation Converters

The operation of a staircase ard 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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Successive approximation is used in the ZN427 and ZN432 series of
converters.

2.2.5 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

. . . =V,anT
end of this time the integrator output voltage, Vg, is —2~—<where T,

RC
is the clock period. This is shown in figure 17.
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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 volts, when the comparator output changes
state and the counter is stopped. Since the integration is over the

same voltage range (Vo). Vo :_VRE—FCXR, where x is the count
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Fig. 17. Operation of Dual-Slope ADC

reached by the time the integrator output crosses zero. Thus

Vinn Te  VeaeexTe
RC =~ RC

Vi,.n
or x = —2—
. VREF

Since n and Vger 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 Ve (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. :

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.
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2.3 A to D Parameters and Definitions

2.3.1 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.
2.3.2 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.

2.3.3 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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2.3.4

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.

8

MISSING CODE

\ DIGITAL OUTPUT

ANALOGUE INPUT
0 F.S.

6049

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

3+ LSB, ie. ;VZF,,S. 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 41 LSB assures no missing codes.
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2.3.7 Differential Non-linearity

This is the maximum difference between any 1 LSB increment of the
Vs
2n
non-linearity of less than 1 LSB guarantees no missing codes.

2.3.8 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.

2.3.9 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.

analogue input and the ideal size of an LSB increment ===. Differential

2.3.10 Conversion Time

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.
Itis thus important to check exactly what is being specified.

2.4 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 T_lzR-E-F so that the input
voltage presented to the ADC is always positive, even with negative

input voltages down to _—VZLEF 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.

2—-13
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Fig. 20. Bipolar Operation of an ADC
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Fig. 21. Bipolar Transfer Characteristic of an ADC
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FERRANTI
semiconductors NI s

8 Bit A/D-Converter, ,P-compatible

FEATURES

Easy interfacing to microprocessors, or operates as a ‘stand-alone’ converter
Fast: 10 us conversion time guaranteed

No missing codes over operating temperature range

Data outputs 3-state TTL compatible, other logic inputs and outputs TTL and CMOS
compatible

Choice of on-chip or external voltage reference
Ratiometric operation

Unipolar and bipolar input ranges

Complementary to ZN428 DAC

Choice of commercial or military temperature range

DESCRIPTION

The ZN427 is an 8-bit successive approximation converter with 3-state outputs to
permit easy interfacing to a common data bus. The IC contains a voltage switching
DAC, a fast comparator, successive approximation logic and a 2.56 volt precision band-
gap reference, the use of which is pin-optional to retain flexibility. An external fixed or
varying reference may therefore be substituted, thus allowing ratiometric operation.

Only passive external components are required for operation of the converter.

7 \" IN
D TO A OUTPUT g O REF
— R-2R LADDER [—_.OVREFOUT
+2.5v
ARAT
COMPARATOR 25y
6 ANALOGUE VOLTAGE SWITCHES T 9
Vino— -O GROUND
5
RExXTO— 4 —
SUCCESSIVE APPROXIMATION ~O WR (START CONVERSION)
Lotk o2 REGISTER 10 BUSY (END OF CONVERSION)
Vec oY— 3-STATE OUTPUT BUFFERS Z_5RD (OUTPUT ENABLE)
5 VOLTS)
W |12 [3 1% |5 |6 |7 |8
OO0 00 0 00O 547312
MSB LSB

Fig. 1 — System Diagram
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Ve

Max. Voltage, Logic and Vgee mputs

Operating temperature range ..

Storage temperature range

. +7.0 volts

.. Vee
. 0°C to +70°C (ZN427E-8)

-55°C to +125°C (ZN427J-8)

. -65°Cto +125°C

ELECTRICAL CHARACTERISTICS (Vcc = 5V, Tamp = 25°C unless otherwise specified).

Parameter Min. | Typ. | Max. Units Conditions
CONVERTER
Resolution 8 — — Bits
Linearity Error — — +05 | 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. — +2.5 — ppm/°C | External Ref. 2.5V
Zero T.C. — +8 — pVv/°C
Zero Transition 00000000 | 12 15 18 | mV Vger 1N = 2.560V
to 00000001
F.S. Transition 11111110 | 2.545 | 2.550 | 2.555 | V VRer IN = 2.660V
to 11111111
Conversion Time — - 10 us See Note 1
External Reference Voltage 1.5 — 30 |V
Supply Voltage (Vcc) 4.5 — 55 \Y
Supply Current — 25 40 mA
Power Consumption — 125 — mW
COMPARATOR
Input Current — 1 - nA Vin = 3V, Rexr = 82kQ
Input Resistance — 100 — kQ V_ = -5V
Tail Current, lgxt 25 — 150 | pA
Negative Supply, V- -3.0 — |-300]|V See COMPARATOR
Input Voltage -0.5 — 3.5 \
INTERNAL VOLTAGE
REFERENCE
Output Voltage 2.475 | 2.560 | 2.625 | V RRer = 390Q
Crer = 4 17
Slope Resistance — 0.5 2 Q
Vrer Temperature Coefficient — 50 — ppm/°C
Reference Current 4 — 15 mA See REFERENCE

2—16
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ELECTRICAL CHARACTERISTICS (continued)

Min. | Typ. | Max. Units Conditions
LOGIC
(over operating temp.)
High Level Input Voltage V4 2 — — \
Low Level Input Voltage V,_ — — 08 |V
High Level Input Current, — — 50 pA Vin = 5.5V, Vg = max.
WR and RD inputs I, — | — | 15 |uA Vin = 2.4V, Vce = max.
High Level Input Current, — — 100 | wA Vin = 5.5V, Vg = max.
Clock Input Iy — — 30 7.} VN = 2.4V, Voo = max.
Low Level Input Current || — — -5 nA V Ny = 0.4V, Voo = max.
High Level Output Current I, — — -100 | A
Low Level Output Current I | — — 1.6 | mA
High Level Output Voltage Vo | 2.4 — — |V lon = max., Ve = min.
Low Level Output Voltage Vg — — 04 |V loL = max., Vgc = min.
Disabled Output Leakage — — 2 uA Vo = 24V
Input Clamp Diode Voltage — — -15 |V
Read Input to Data Qutput — — 250 | ns See Fig. 8
Enable/Disable Delay Timetgp | — 180 | 250 | ns
Start Pulse Width tyr 250 | 160 — | ns See Fig. 8
WR to BUSY Propagation — — 250 | ns
Delay tgp — — —
Clock Pulse Width 500 — — ns
Maximum Clock Frequency 900 | 1000 — kHz See Note 1

Note 1: A 900 kHz clock gives a conversion time of 10us (9 clock periods).

GENERAL CIRCUIT OPERATION

The ZN427 utilises the successive approximation technique. Upon receipt of a negative-going pulse

at the WR input the BUSY output goes low, the MSB is set to 1 and all other bits are set to 0, which
produces an output voltage of Vggg/o, from the DAC. This is compared to the input voitage V,y ; a
VREF

2
setto 1 if VRTEF < V,n.Bit2issetto 1 onthe same clock edge, producing an output from the DAC

decision is made on the next negative clock edge to reset the MSB to O if

> Vy or leave it

of \-/RTEF or Y% + \L%E—Fdepending on the state of the MSB. This voltage is compared toV  and on
the nextclock edge a decision is made regarding bit 2, whilst bit 3 is set to 1. This procedure is
repeated for all eight bits. On the ninth negative clock edge BUSY goes high indicating that the
conversion is complete.

During a conversion the RD input will normally be held low to keep the 3-state buffers in their high
impedance state. Data can be read out by taking RD high, thus enabling the 3-state outputs. Readout

is non-destructive. The BUSY output may be tied to the RD input to automatically enable the outputs
when the data is valid.

2—-17
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For reliable operation of the converter the start pulse applied to the VW input must meet certain
timing criteria with respect to the converter clock. These are detailed in the timing diagram of
figure 2.

10 us MIN!
1 ]
1 1200ns MIN
—t
: : | 1200ns MIN
1 1
CLOCK W
] |
WR |
BUSY A |
MSB1 77777771 |#———MSB DECISION 0
1
27T7A T
3 g r !
4 7] J Y
5 1 0
6 7] N !
7 gl [ !
LSB
8 A [ |«——DECISION 0

5560/2
Fig. 2 Timing Diagram

NOTES ON TIMING DIAGRAM

1. A conversion sequence is shown for the digital word 01100110. For clarity the 3-state outputs
are shown as being enabled during the conversion, but normal practice would be to disable
them until the conversion was complete.

2. The BUSY output goes low during a conversion. When BUSY goes high at the end of a con-

version the output data is valid. In a microprocessor system the BUSY output can be used to.
generate an interrupt request when the conversion is complete.

3. In the timing diagram cross hatching indicates a ‘don’t care’ condition.

4. The start pulse operates as an asynchronous (independent of clock) reset that sets the MSB
output to 1 and sets all other outputs and the end of conversion flag to 0. This resetting occurs on

the low-going edge of the start pulse and as long as WR is low the converter is inhibited. Conver-

sion commences on the first active (negative going) clock edge after the WR input has gone high
agfin, when the MSB decision is made. A number of timing constraints thus apply to the start
pulse.

(a) The minimum duration of the start pulse is 250ns, to allow reliable resetting of the converter
logic circuits.

(b) There is no limit to the maximum duration of the start pulse.

2—-18
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(c) To allow the MSB to settle at least 1.5us must elapse between the negative going edge of
" the start pulse and the first active clock edge that initiates the MSB desicion.

(d) To ensure reliable clocking the positive-going edge of the start pulse should not occur
within 200 ns of an active (negative-going) clock edge. The ideal place for the positive-
going edge of the start pulse is coincident with a positive-going clock edge. As a special
c'asekof t'he above conditions the start pulse may be synchronous with a negative-going
clock pulse.

PRACTICAL CLOCK AND SYNCHRONISING CIRCUITS

The actual method of generating the clock signal and synchronising it to the start conversion pulse
(or vice versa) will depend on the system in which the ZN427 is incorporated.

When used with a microprocessor the ZN427 can be treated as RAM and can be assigned a memory
address using an address decoder. If the 1P clock is used to drive the ZN427 and the wP write pulse
meets the ZN427 timing criteria with respect to the wP clock then generating the start pulse is
simply a matter of gating the decoded address with the microprocessor write pulse. Whilst the
conversion is being performed the microprocessor can perform other instructions or No operation
(NOP). When the conversion is complete the outputs can be enabled onto the data bus by gating
thef'deco%ed address with the read pulse. A timing diagram for this sequence of operations is given
in figure 3.

An advantage of using the microprocessor clock is that the conversion time is known precisely in
terms of machine cycles. The data outputs may therefore be read after a fixed delay of at least nine
clock cycles after the end of the WR pulse, when the conversion will be complete.

Alternatively the read operation may be initiated by using the BUSY output to generate an interrupt
request.

MICROPROCESSOR
[READ CYCLE

MICROPROCESSOR
]W@g ROCESSOR|  NOP OR OTHER INSTRUCTIONS

DECODED
WRITEWR) ./
BUSY ‘\ I“

DECODED
READ (RD)

HIGH IMPEDANCE

DATA -
OUTPUTS DATA

6373

Fig. 3 Typical Timing Diagrarﬁ Using wP clock and Write Pulse

In some systems, for example single-chip microcomputers such as the 8048, this simple method
may not be feasible for one or more of the following reasons:

(a) The MPU clock is not available externally.
(b) The clock frequency is too high.
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(c) The write pulse timing criteria make it unsuitable for direct use as a start conversion pulse.

If any of these conditions apply then the self-synchronising clock circuit of figure 4a is
recommended.

DECODED WRITE (WR) 4
o ( WR
Lsap
330a
1 3
4n7 for Cw K
600 kHz ™~ ™ ZN427 DATA
mry
BUSY T — 11
o > BUSY MsB
O— 2lrD
DECODED READ (RD)

637

N1 N2 = ZN7413 or § 74132 Schmitt Trigger

1
fcx = __3600 (HZ, F)

Fig. 4a. Self-Synchronising Clock Circuit

w1
8usy Y
= ARRRRRRMR
RD I—-l

Fig 4b. Tirhing Diagram For Circuit of Figure 4a.
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N1 is connected as an astable multivibrator which, when the BUSY output is high, is inhibited by
the output of N2 holding one of its inputs low. The start conversion pulse resets the BUSY flag and
N1 begins to oscillate. When the conversion is completed BUSY goes high and the clockisinhibited.
Since the start pulse starts the clock it may occur at any time. The only constraints on the start
pulse are that it must be longer than 250 ns but at least 200 ns shorter than the first clock pulse.
The first clock pulse is in fact longer than the rest since C1 starts from a fully charged condition
whereas on subsequent cycles it charges between the upper and lower thresholds (V¢ + and Vy_)
of the Schmitt trigger.

LOGIC INPUTS AND OUTPUTS

The logic inputs of the ZN427 utilise the emitter-follower configuration shown in fig. 5. This gives
extremely low input currents for CMOS as well as TTL compatibility.

oVce

LOGIC

INPUT _ 10

INTERNAL LOGIC

0 GROUND
5561

Fig. 5. Equivalent Circuit of all Inputs

The BUSY output, shown in figure 6, utilises a passive pullup for CMOS/TTL compatibility

GROUND $559/1

The data outputs have 3-state buffers, an equivalent circuit of which is shown in figure 7. Whilst
the RD input is low both output transistors are turned off and the output is in a high impedance
state. When RD is high the data output will assume the appropriate logic state (0 or 1).
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Vee
<8
500n
20k
BITS 1-8
(PINS 11-18)
10k
RO O—Do—)——d
(PIN 2)
GROUND o : 5571/t

Fig. 7. Equivalent Circuit of Data Outputs

A test circuit and timing diagram for the output enable/disable delays are given in figure 8.

- ------3v0US
U
/50% \ 50%
1 1
.
) LT 5 0 VoLTS
1 ] ]
1
1] 1
_____ .
790% Ngow, ~L0CIC
1
DATA - === : | Y —--=1-5v0US
]
110% ' A
U0 1% _ ocic o
TPUT LOAD
T =ENABLE DELAY TIME (C(=50pF) OUTPUT LO o5V
Tp =DISABLE DELAY TIME (C(=10pF) ok
ouTPUT ALL
DIODES
IN916
CL
5566/1 ov

Fig. 8. Output Enable/Disable Waveforms
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ANALOGUE CIRCUITS
D to A CONVERTER

The converter is of the voltage switching type and uses an R-2R ladder network as shown in
figure 9. Each element is connected to either OV or Vgeg |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
Dto A output = E'ETS‘ (VREF IN —Vos) + Vos

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

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

The D to A output range can be considered to be 0-Vzee |y through an output resistance R (4kQ)

R (&k) R R R D 10 A OQUTPUT
§2R 2R 2R 2R ...S 2R
VReFING , N S '
(PIN.7) L L < VOUTAGE __» L L
SWITCHES
ovoLTS o1 | !
(PIN )™ BIT8  BIT7 girz B s
oS MSB 5569
Fig. 9. R2-R 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. 10). A resistor (Rggg) 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 = 6.4mA. A stabilising/decoupling capacitor, Crgg (417), is required between pins 8 and 9.
Forinternal reference operation Vggr gyt (Pin 8) isconnected to Vgeg  (Pin 7).

Up to five ZN427’s may be driven from one internal reference, there being no need to reduce Rggg.
This useful feature saves power and gives excellent gain tracking between the converters.

Alternatively the internal reference can be used as the reference voltage for other external circuits
and can source or sink up to 3mA.
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Vee. +5V
(PIN10)
RRer
(390n)
VREFOUT
(PIN 8)
- CREF
(4pu7)
GROUND
(PIN9) 5562/1

Fig. 10 Internal Voltage Reference

(b) External Reference
If required an external reference voltage in the range +1.5 to 4 3.0 volts may be connected

50, where n is the

to Vgeg N -The slope resistance of such a reference source should be less than
number of converters supplied.
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 operate if Vrgg |\ is less than + 1.5 volts but reduced overdrive to the com-
parator will increase its delay and so the conversion time will need to be increased.

COMPARATOR
The ZN427 contains a fast comparator, the equivalent input circuit of which is shown in Fig. 11.
+5V, PIN10
g
:
| Sek Sek
! > 10 LOGIC
| + HIGH ="RETAIN BIT"
|
AIN ' D 10 A OUTPUT

(0-VRerIN)

ZN 427

Rext
5572

Fig. 11 Comparator Equivalent Circuit
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The comparator derives the tail current, Igxr, for its first stage from an external resistor, Rgyr, which
is taken to a negative supply V-.

This arrangement allows the ZN427 to work with any nnegative supply in the range —3 to —30 volts.
The ZN427 is designed to be insensitive to changes in IEXT from 25uA to 150p.A The suggested
nominal value of lgxt is 65uA and a suitable value for Rgxris given by Rgxr = |V-|15

V- (Volts) | Rext (10%)
-3 47kQ
-5 82kQ
-10 150kQ
-12 180kQ
-15 220kQ
-20 330kQ
-25 390kQ
-30 470kQ

The output from the D to A converter is connected through the 4kQ ladder resistance to one side of
the comparator. The analogue input to be converted could be connected directly to the other
comparator input (V. Pin 6) but for optlmum stability with temperature the analogue input should
be applied through a source resistance (R = 4kQ) to match the ladder resistance.

ANALOGUE INPUT RANGES

The basic connection of the ZN427 shown in fig. 12 has an analogue input range 0to Vggg | n. Which,
in some applications, may be made available from previous signal conditioning/scaling circuits.
Input voltage ranges greater than this are accommodated by providing an attenuator on the com-
parator input, whilst for smaller input ranges the signal must be amplified to a suitable level.

Bipolar input ranges are accommodated by offsetting the analogue input range so that the com-
parator always sees a positive input voltage.

«————DIGITAL OUTPUTS ——m———»

LS8 MSB vee
BIT8 7 3 5 “ 3 2 BIT1 (+5V)
18 17 16 15 1w 13 12 n 10
RREF
ZN 427 (390n)
1 2 3 L 7 8 9
Rexr “m
(82K) S (&k) o i
‘[ eL CREF
IN VRepOUT  GNL “pn
BUSY RD CK  WR v- AN ReriNVR
(v N REFTUREFTT ow)
NOMINAL Ay RANGE = 0 10 VRepIN 5567/2

Fig. 12. External Components for Basic Operation
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UNIPOLAR OPERATION
The general connection for unipolar operation is shown in figure 13.
The values of Ry and R, are chosen so that V,y = Vggr |y When the Analogue Input(A, ) is at full
scale. The resulting full scale range is given by :
R1
Ain FS = (1+735). VRer in = G- Verer in-

To match the ladder resistance R1//R2 (=R y) = 4k(.

The required nominal values of Ry and R, are given by Ry = 4G kQ, Ry = é% kQ.

VReF IN
AlNc)--—
ZERODIM
ADJUST
.
<
680k 7
V
INlg ZNs27
d 9
RY% GROUND
5557

Fig. 13 Unipolar Operation - General Connection

Using these relationhips a table of nominal values of R; and R, can be constructed for Vgee |n
= 2.5 volts.

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

GAIN ADJUSTMENT

Due to tolerances in Ry and R, tolerances in Vg and the gain (full-scale) error of the DAC, some
adjustment should be incorporated into R, to calibrate the full-scale of the converter. When used
with the internal reference and 2% resistors a preset capable of adjusting R, by at least +5% of its
nominal value is suggested.

ZERO ADJUSTMENTS

Due to offsets in the DAC and comparator the zero (0 to 1) code transition would occur with
ty?ically 15mV applied to the comparator input, which corresponds to +14 LSB with a 2.56 volt
reference.
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Zero adjustment must therefore be provided to set the zero transition to its correct value of + § LSB
or 5mV with a 2.56V reference. This is achieved by applying an adjustable positive offset to the

comparator input via P2 and R3. The values shown are suitable for all input ranges greater than
1 -}timesVREF IN-

Practical circuit values for 45V and +10V input ranges are given in fig. 14, which incorporate
both zero and gain adjustments.

AIN VReF IN AIN VRefFIN
P1 5k P2 P1 10k P2
GAIN GAIN
ADJUST ADJUST

R1 Sk6 R1

T0 PIN 6 T0 PIN 6
R2 8k2 R2 5k6
+ 2°/, RESISTORS
* 20% POTENTIOMETERS
5565/1
+ 5 VOLTS FULL SCALE +10 VOLTS FULL SCALE

Fig. 14. Unipolar Operation - Component Values

UNIPOLAR ADJUSTMENT PROCEDURE

®
(ii)

(iii)

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

Apply full scale minus 1% LSB to A, and adjust gain until Bit 8 (LSB) output just flickers
between 0 and 1 with all other bitsat 1.

Apply  LSB to A, and adjust zero until Bit 8 just flickers between 0 and 1 with all other
bits at 0.

UNIPOLAR SETTING-UP POINTS

Input Range, +FS 5 LSB FS -14 LSB
+5V 9.8 mV 4.9707 volts
+10V 19.5 mV 9.9414 volts

FS

1LSB = 756
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UNIPOLAR LOGIC CODING

Analogue Input (A;y) Output Code
(Nominal code centre value) (Binary)
FS -1 LSB 11111111
FS -2 LSB 11111110
2FS 11000000
FS 4+ 1 LSB 10000001
+ FS 10000000
$ FS-11LSB 01111111
$+ FS 01000000
1LSB 00000001
0 00000000

BIPOLAR OPERATION

For bipolar operation the input to the ZN427 is offset by half full scale by connecting a resistor Ry
between Vpep |y and Vg (Fig. 15).

VoreIN
REF
AlNo— 3
R1§ R3
vl 7
INlg 7n427
) 9
RZ% GROUND
5558

Fig. 15. Bipolar Operation - General Connection

When A,y = —FS, V| needs to be equal to zero.
When A\ = +FS, V| needs to be equal to Vggg -

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

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

A bipolar range of +Vgeg |y (Which corresponds to the basic unipolar range O to +Vggg N)
results if Ry = R3 = 8kQ and R, = oo.

Assuming that Vgeg |y =2.5 volts the nominal values of resistors for +5V and+-10V input ranges
are givenin the folFowing table.
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’ |
Input Range G R, l R, R3
+56V 2 16 kQ 16 kQ 8kQ
+10V 4 32kQ 10.66 kQ 8kQ

Minus full scale (offset) is set by adjusting R, about its nominal value relative to R5. Plus full
scale (gain) is set by adjusting R, relative to R;.

Practical circuit realisations are given in Fig. 16.

AIN VREFIN AN VReFIN

Sk 10k

OFFSET OFFSET
ADJUST 7«5 ADJUST
13k 27k
5k 10 PIN 6 5k 10 PIN 6
GAIN GAIN
ADJUST ADJUST
* 2% RESISTORS
% 20% POTENTIOMETERS
13k 8k2
5570
5 VOLTS FULL SCALE +10 VOLTS FULL SCALE

Fig. 16 Bipolar Operation - Component Values

Note that in the 45V case R5 has been chosen as 7.5 kQ (instead of 8.2 kQ) to obtain a more
symmetrical range of adjustment using standard potentometers.

BIPOLAR ADJUSTMENT PROCEDURE

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

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

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

(iv) Repeat step (ii).
BIPOLAR SETTING-UP POINTS

| i
Input Range, +FS l ~(FS-4LSB) | +(FS-141SB)
+5V | —4.9805V 1 +4.9414V
+£10V | -9.9609V | +9.8828V
2FS
1188 = 5=
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BIPOLAR LOGIC CODING

Analogue Input (A,y) Output Code

(Nominal code centre value) (Offset Binary)
+(FS—-1LSB) 1111111
+(FS -2 LSB) 11111110
+4+FS 11000000
+1LSB 10000001
0 10000000
-1 LSB 01111111
-+ FS 01000000
—-(FS—1LSB) 00000001
-FS ! 00000000

SINGLE 5 VOLT 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. 17 works with any clock
frequency from 10 kHz to 1MHz and can supply up to five ZN427s.

+5Vo——
10
OTHER
é:())( L27's
100pF < 6k8 10
CLOCK O-68uF IN9IL v | Rext
o—e —/ \\A——5 ZIN&L27
(TTL LEVELS) nla 155 sen
—I l—’ L" 15k 9 3
A e
77X "!INSIL T 6-8uF
310
Ovo
5585

Fig. 17. Single 5 Volt Supply Operation
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Pin Connections

_ oF - —_
adsv(cochg:szo'N)‘E [ } isenswse
RD(EONUATBP&T):[: v ei?

crock 3] TJieBine
Wﬁ(co,wsg;s%,\.)k[:} Jissus
RexT 5: s
vin 6 CJi3sus
Vaer v 7] [ Jizeu2

VREF 0UT8 q [ 1n Biimse)

GROUND 9 E [)104Vectsvots:

LLRMN

32 MIL )
% o ® ~
=} 2 z = =
a DO x© ©
| Ll I
CLOCK— T
|
|
. [
WR — —BIT 6
i
—BITS
Rext — 126 MiL
—BIiT 4
VINT
Vaeg IN=—
REF
—BIT3
—BIT2
-1
| | I
— Q Q 'zlﬂ/l
3 % 5:f
[ o3
b <
a
>

Chip Dimensions and Layout
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ORDERING INFORMATION
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TYPE NUMBER PACKAGE | OPERATING TEMP. RANGE
ZN427E-8 Plastic 0°Cto +70°C
ZN427J-8 Ceramic -55°C to +125°C




FERRANTI

semiconductors ZN432 Series

10-Bit Successive Approximation Monolithic A/D Converter

FEATURES

10. 9 and 8-Bit Accuracies

3 Operating Temperature Ranges

20 pus 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.

spe  lrer oy logv
3 P9 ) 10 "
\'ncrog —1=0+5v
+2:5¢ —1t1o ov
2
—t-t0-sv
2-5v
REF.
ov OL
|
e 0 e
ono MR DwoA

SUCCESSIVE APPROXIMATION o up
LOGIC Comel |

2 |20 b9 s he \
0“0‘7017(526075 ‘)l- JZSOUO S049 L8 b 506

%g sg&
EX—qumwnno‘-’guo

X 8rrcrr- xR e

"o DD D DD DD BB D o5 W s181/3

Fig. 1~ INTEGRATED CIRCUIT BLOCK DIAGRAM
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ov Jov ZN432
Y sy
1uf
I 3] SHAPE
REF
— A SN AMP
Rl
+
6Jt25Y, |
1 uf 25V :
I 7] OV REF D |-
A I to [
' 8] ov A [
: ——1
——1
t PR3 | oflmer o]
—a
R4 10] lour T
VRer no
11
I INCOMP
A 12 _
R2
1
@———————qwsv

STATUS O/P—'f%i

N—=oOor

START 1/P

> BIT 1 (MSB)

BIT2

BIT3

BIT&
BITS

BIT6

BIT?7

BIT8

BITS

BIT10 (LSB)

CLOCK 1/P

SER. O/P

SYNC. O/P

$317/2

Fig. 2—TYPICAL EXTERNAL COMPONENTS

ORDERING INFORMATION

Operating Temperature | 10-bit accuracy | 9-bit accuracy | 8-bit accuracy Package
-55to +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
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ABSOLUTE MAXIMUM RATINGS

Supply Voltages
Logic Input Voltage . +Vcc and OV
Storage Temperature Range -565°C to +125°C

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

+7 volts

tamp = +25°C Over Spec.
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
ZN432J-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 -55 | +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, Iggf
(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 -2.5 +25 v Note 3
gue input range
Supply rejection | All types 0.1 % per V
Gain error All types +0.05 % Note 4
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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
ZNA432J-9
ZN432BJ-9
ZN432CJ-9 15 ppm/°C
ZN432J-8 of FSR
ZN432BJ-8
ZN432CJ-8
Supply voltage | All types +45| +6 | £55 | +45| +£565 | V
Supply current All types 35 mA
Power
consumption All types 350 mW
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
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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 2.0 2.0 \%
Low level
input voltage 0.8 08 |V
High level 7 wA Vg = +5.5V
input current V=24V
50 wA Vg = 5.5V
V,=5.5V
Low level 1 7.3 Vg = +5.5V
input current V, =04V
High level 24 24 \" licag = —40 pA
output voltage
Low level 04 04 |V licag = 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, 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 2-41)

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

NOTE 6. The full scale D to A output current lgyt = 4 times Igge. For optimum performance
'REF = 0.5 mA.
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TEST CIRCUIT

+5v
| SW-1
BIT 1
(MSB
—o 12 BIT
REFERENCE AAA
SW-10! DAC
BIT10 _-—_mj— = INL32
UNDER
nj 2 + TEST
L BT 10| of 8[ [status
= (LSB)
CLK
MA
TRIANGLE LATCH
DITHER
GENERATOR X
Y 3 BIT
D10 A
540 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 = +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)

1. Ra., R4 Rg can affect gain and offset stability and thus require to be of high quality.
2. Ry and R, are to allow for the bias current of the reference amplifier and comparator, thus:
= A3
And R, = parallel combination of R4, Rg and Rg.
3. lREF should be 0.6 mA

Therefore R = O—VSR—E:T\

lout s is four times Iggg, ie., 2 mA
4. Analysing the network yields the following:
R, — —VRer Rs
477V, min
Rg = Vin max — Vi, min
Iout FS
Where V;,, max is the voltage for the logic output to be all 1's.
Vi, 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, R5 and Rg is about 1.25 kQ as this
determmes 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.

Viamax | Viamin | Vger Ry Ry Rs R4 Rs Rg'
+25 -25 25 5kQ | 1.25kQ| 5kQ | 25kQ | 25kQ ®
+25 -2.5 5° 10kQ | 1.25kQ | 10kQ | 5k | 25kQ | 5kQ
+25 0 25 5kQ | 1.25kQ| 5kQ o [125kQ|
+5 0 25 5kQ | 1.25kQ | 5kQ ® 25kQ | 2.5k0
+4 -2 2.5 5kQ | 1.25kQ | 5kQ |375kQ| 3kQ | 5kQ
+4 -2 12° | 24kQ | 1.25kQ | 24kQ |3.75kQ| 3kQ | 5kQ

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

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

7. For setting up R, will adjust the offset.
R3 will adjust the gain.

For unipoiar operatnon where R, approaches ® and a zero adjustment is required, the following
offset circuit is suggested in place of R4 (Typical values only).
VRER

PINS 1O M PIN 12

100ka. IMa 100ka
5331

Fig. 4 - OFFSET CIRCUIT WITH UNIPOLAR OPERATION

2-39



ZN432 Series

TIMING DETAILS

2ps.min.
ﬁ_——.. .
o) :ZOOnSZ.On(;m. \
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Fig. 56 - 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. The first 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. As a 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 data is 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
FS 1100000000 + (% FS 1100000000
FS +1LSB 1000000001 + (1LSB) 1000000001
FS 1000000000 0 1000000000
FS -1LSB o11111111 —(1LSB) 0111111111
FS 0100000000 —(% FS) 0100000000
1LSB 0000000001 —(FS-1LSB) 0000000001
J 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 4 LSB for transition 0000000000 to 0000000001, and of (full scale
—~14 LSB) for transition 1111111111 t0 1111111110.
For bipolar, supply an input of —(full scale —4 LSB) for transition 0000000000 to 0000000001, and
of (full scale 14 LSB) for transition 1111111111 t0 1111111110.

REFERENCE
VOLTS
248
|t [—

—— I~
247—F= =
2:46)

2:45)
2:44
-40 -20 0 20 40 60 80 100 120 w0
TEMPERATURE °C

725

Fig. 6 - TYPICAL REFERENCE VOLTAGE v TEMPERATURE (ALL TYPES)
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ZN432 Series

PIN CONNECTIONS

o
<

“s5v
SHAPE
REF. AMP GND.
REF. AMP. 1/P
Vrer, +2:8V
ov
ov
1 REF
1 out
COMP. I/P
COMP. GND.
+5v

STATUS OfP

R E R FBEEFEEFFFE R E

EIE'JBJEIB]&JEI@J

START (/P
BIT 1(MSB)
BIT2

BIT3

BIT¢

BITS

BITE
BIT?

BITS

BITY

BIT10 (LSB)
CLOCK 1/P
SERIAL OfP

SYNC O/P

$140/2

CHIP DIMENSIONS AND LAYOUT

_ 162MIL

>

n
|
|

REF. AMP.GND.—
REF. AMP. INPUT—
N.C—

VREF—
ov—

ov—
IREF—
N.C—
N.C—

lour—
COMP INPUT—

&
(£
£
I3
s
€
H
[
§
I
H
[
H
[
i
L§
H
[ X

156 MIL

—BIT 7

-8IT8

-BIT9

-BIT10
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FERRANTI A to D CONVERTER
semiconductors ZN432E

10-Bit Successive Approximation Monolithic A/D Converter

ADVANCE PRODUCT INFORMATION

FEATURES
® 10 Bit Resolution
No Missing Codes

20 s Conversion Time Guaranteed

+ 5V Supplies, TTL/CMOS Compatible

[ ]

[ ]

@ Input Range as Desired

[ J

® Parallel and Serial Outputs
[

Bipolar Monolithic Construction
® Low Cost Moulded Package

DESCRIPTION

The ZN432E successive approximation analogue to digital converter combines 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 guarantee no missing codes over the
operating temperature range.

SHaPE  IREF ov loyr

3 Q29 8 0 8
VREF .6 —’o‘sv
~25v°_} Ho ov
25V —1—0 -5V
REF
ov o
S|+
1P T Rer DT0A
GND o444
1
SUCCESSIVE APPROXIMATION +oP
LOGIC LQoMP 12
~ GND
T T T T T T T I TT]
lze lwl)wlzslzs lzz.lza lzz Lm lzolxs 18 lu lws bs
a a a
== : L a
E X oumewo~on 237
x O =
R aNe} 2z 5181/3
hocsononoboEoDhoth

Fig. 1 — INTEGRATED CIRCUIT BLOCK DIAGRAM
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ZN432E

@ Yov ZN4L32E 28 _crart 1P
— A sy 27 g1t (MSB)
"]
| 3| SHAPE % o)
REF
AAAA d N AMP 5 a1 3
R
+ 2% Bite
+2.5V.
& > 2.5V : 23 BITS
‘)—'F e L
7] ov |reF 0 =46 22 pire
: o 19
i 8] Ov A [l Cl 21 BIT 7
1 R3 I —e—
94— REF o 20 gi1g
I |
VREFD;\;VF 10y our ] 19 _girg
RS Y
D ]~ COMP 18 81110 (LSB)
AAA—12 ": o 17_clock e
R2
@———'%ﬁv 1 _ser. 0P
14 15
STATUS O/P SYNC. O/P
5317/2
Fig. 2 — TYPICAL EXTERNAL COMPONENTS
ORDERING INFORMATION
TYPE No. OPERATING TEMPERATURE RANGE PACKAGE
ZN432E 0to + 70°C 28 Pin Moulded DIL
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ZN432E

ABSOLUTE MAXIMUM RATINGS

Supply Voltages Ce c R + 7 volts
Logic Input Voltage o A - + Vcc and OV

Min. Max.
Operating Temperature .. A . 0°c +70°C
Storage Temperature .. .. . -55°Cc  +125°C

ELECTRICAL CHARACTERISTICS

(Supply Voltage = + 5V, Tamb = + 25°C unless otherwise stated)

Parameter Min. Typ. Max. Units Conditions
CONVERTER

Resolution 10 — — Bits

Linearity Error —1 0 +1 LSB

Differential Linearity Error —-0.8 0 +1 LSB Note 1
DAC Reference Current “REF) 0.25 0.5 1 mA Note 6
Conversion Time - 15 20 us Note 2
Nominal Analogue Input Range —-25 - +2.5 \} Note 3
Supply Rejection 01 % per V

Gain Error +0.05 % Note 4
Gain Tempco 20 ppm/oc

Zero Tempco 15 ppm/°C

Supply Voltage +45 +5 +5.5 \)

Supply Current 35 mA

Power Consumption 350 mW

INTERNAL VOLTAGE REFERENCE

Output Voltage 2.38 246 254 \J Note 5
Slope Impedance 0.75

Maximum Load Current +2 mA
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ZNA432E

CHARACTERISTICS (continued)

tamp = +25°C Over Spec.
Temp. Range
Parameter Units Conditions
Min. | Typ. | Max. | Min. | Max.
LOGIC
High level
input voltage 2.0 2.0 \"
Low level
input voltage 0.8 08 |V
High level 7 ) nA Vg = +5.5V
input current V=24V
50 pA Vg = +5.5V
V, = 6.5V
Low level 1 wA Vg = +5.5V
input current V, =04V
High level 24 24 v lioag = =40 pA
output voltage
Low level 0.4 04 |V licag = 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, 2-8 ). 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 2—49)

NOTE 4. Excluding reference.
NOTE 5. For typical temperature performance see Fig. 5

NOTE 6. The full scale D to A output current lgyT = 4 times IRgf. Far optimum performance
IREF = 0.5 mA.
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ZN432E

CALCULATION OF EXTERNAL RESISTORS (See Fig. 2)
1. R3, Ry, Rpg can affect gain and offset stability and thus require to be of high quality.
2. Rq and R are to allow for the bias current of the reference amplifier and comparator, thus:
R1=R3
And Rg = parallel combination of R4, Rg, and Rg.
3. IREF should be 0.5mA

Therefore ‘ R3 = \(;?)EFA
.5m

lout Fs is four times IRgF, i.e., 2 MA
4. Analysing the network yields the following:

R4 = YREF A5
Vin min

R Vin max — Vijp min
5 lout FS

Where Vj, max is the voltage for the logic output to be all 1's.
Vin min is the voltage for the logic output to be all O’s.
5. Rg should be chosen such that the parallel combination of R4, Rg and Rg is about 1.25 k Q 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.

Vipmax | Viymin | Vgee R,! R,1 Rj Ra Rs Re!
+25 -2.5 25 5kQ | 1.25kQ 5kQ 2.5kQ 2.5kQ ©
+25 -2.5 5°* 10kQ | 1.25kQ | 10kQ 5kQ 2.5kQ 5kQ
+25 0 25 5kQ | 1.25kQ 5kQ 0 1.25kQ )
+5 0 2.5 5kQ | 1.25kQ 5kQ © 2.5kQ 2.5kQ
+4 -2 25 5kQ | 1.25kQ 5kQ | 3.75kQ 3kQ 5kQ
+4 -2 12° 24kQ | 1.25kQ | 24kQ | 3.75kQ 3kQ 5kQ

+10 -10 25 5kQ | 1.25kQ 5kQ 2.5kQ 10kQ | 3.33k2

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

7. For setting up R4 will adjust the offset.

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

VREE
PINS 10 1 I PIN 12
—AMA— AN AAMA—
100ka 1Ma 100ka

53
Fig. 3 — OFFSET CIRCUIT WITH UNIPOLAR OPERATION
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ZNA432E

TIMING DETAILS

2ps. min.
>
! 1 200ns. min.
';ﬂ; 200ns. min.
CLOCK i i M ML L e re e
START 1
STATUS | '

1
A f
0 ZZ2 r»

© oo ;& w
L

y
|

S51¢2/1

Fig. 4 — TIMING DIAGRAM

NOTES ON TIMING DIAGRAM

1.

2.

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

The first 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.

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

'START' pulse.

. As a 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.

. Serial data is 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.

. Cross hatching indicates a ‘don’t care’ condition or, in the case of serial output, invalid data.
. The conversion sequence shown is for the digital word 1010010111.

. The parallel output data is valid when the Status Output goes HIGH.
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LOGIC CODING

Table 1. Unipolar Operation

ZN432E

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
% FS 1100000000 +(% FS) 1100000000
% FS +1LSB 1000000001 +(1LSB) 1000000001
% FS 1000000000 0 1000000000
% FS —1LSB 0111111111 —(1LSB) 0111111111
Y% FS 0100000000 —(% FS) 0100000000
1LSB 0000000001 —(FS —1LSB) 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

—1% 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 111111111111 to 1111111110.

e

A

2: ~]

|
~<_

247

246

245

244

=40 -20 O 20 40
w725 TEMPERATURE

60
°C

80

100 120 140

Fig.5 — TYPICAL REFERENCE VOLTAGE v TEMPERATURE
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ZN432E

2-50

ov
-5y
SHAPE
REF. AMP GND
REF. AMP. 1/P
Vier, +2:48V
ov
ov
1 REF
[ out
COMP 1/P
COMP. GND
+5v

STATUS OfP

ELERERBEEFFF P F B FE

START I[P
BIT 1(MSB)
BIT2

BIT3

BIT 4

BITS

BIT6

BIT?

BITE

BIT9

BIT10 (LSB)
CLOCK I[P
SERIAL OfP

SYNC OfP

510/2

Fig.6 — PIN CONNECTIONS



FERRANTI

semiconductors ZN433 Series

10 Bit A/D-Converter, Tracking

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.

sape  lrer. ov lour
3 Qs (] 0

VREF 6 LERPEY

+25v O —-;—oov
25V 40 -sv
REF.
ovol]

1

“' ftaanaanss -

IEEEREREE! ]ﬂé

DATA LATCH/ SHIFT REGISTER

S

3

DD IIN

o=

saes/s

TRANSFER DA'ACg
SERIAL O, BIT IG:

=*  SEND DATA

DATA CLOCK

Fig. 1 - SYSTEM DIAGRAM
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ZN433 Series

@

4 ov

ZN 433
\uf 4 -sv
“I 3
4 REF.
ANAA- NAMP
R S>—
5 +
VREF(out) 6]*+25y —
2:5v c
V uf
. I 7] OV REF D 8
' to N
1| slov ;
, £
i R3 9| Irer R
R4 Ie] B
VReF out
e | VR
@ LN ; ¥ :
1 1
AN > CONTROL
R2
13
@——<+5v
3
NC. o

Fig. 2 - TYPICAL EXTERNAL COMPONENTS

o <+ _TRaNSFER DATA
i 27_SeRIAL O/P, BIT)
k % giv2
¢ bait 3
i 2 Bt e
? B g s
g 2 a1 6
g
Z 20 g1 g
: 9 89
R ' a1 10 (LSB)

'7_senp pata
| <+ pama clock
'5_MAIN CLOCK

5069/¢

See page 93 for calculation of resistor values. When the internal reference is used, Vg EF(out) (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

Operating Temperature | 10-bit accuracy | 9-bit accuracy | 8-bit accuracy Package
-565to +125°C ZN433J-10 ZN433J-9 ZN433J-8 Ceramic
—40 to +85°C ZN433BJ-10 ZN433BJ-9 ZN433BJ-8 Ceramic

O0to 4+70°C ZN433CJ-10 ZN433CJ-9 ZN433CJ-8 Ceramic
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ZNA433 Series

ABSOLUTE MAXIMUM RATINGS

Supply Voltages ..
Logic Input Voltage
Storage Temperature Range

+7 volts
+V¢c and OV
-55°C to +125°C

CHARACTERISTICS (at 45V supplies and internal reference unless otherwise specified).

Tomp = +256°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
current, lgege
(pin 9) All types 0.8 12| 08 1.2 | mA Note 2
Max. Clock Rate | All types 1 1.2 1 MHz Note 3
Nominal analo-
gue input range | All types -2.5 +25 \ Note 4
Supply rejection | All types 0.1 % per V
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ZN433 Series

CHARACTERISTICS (continued)

Tamb = +25°C Over Spec.
Temp. Range
Parameter Version Units | Conds.
Min. | Typ. | Max. | Min. | Max.
Gain temperature| ZN433J-10
coefficient ZN433BJ-10 10 ppm/°C
(Note 5) ZN433CJ-10
ZN433J-9
ZN433CJ-9
ZN433J-8 20 ppm/°C
ZN433BJ-8
ZN433CJ-8
Zero temperature | ZN433J-10 .
coefficient ZN433BJ-10} 7 ppm/ C
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 mw
INTERNAL
VOLTAGE
REFERENCE
Output voltage | All types 2.480 Vv
Output voltage | ZN433J-10
tolerance ZN433BJ-10 +1.6 %
(Note 6 ZN433CJ-10
ZN433J-9
ZN433BJ-9 +2.0 %
ZN433CJ-9
ZN433J-8
ZN433BJ-8 +5.0 %
ZN433CJ-8
Slopeimpedance | All types 0.75 o}
Maximum
reference load +4 mA
cument
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CHARACTERISTICS (continued)

ZN433 Series

Tamb = +25°C Over Spec.
Temp. Range
Parameter Version Units Conditions
Min. | Typ. | Max. | Min. | Max.
LOGIC All
types
High level
input voltage 2.0 2.0 \"
Low level
input voltage 0.8 08 |V
High level 7 wA Vg= 156.5V
input current V, =24V
50 uA Vg = +5.6V
V' = 5.5V
Low level 1 uA Vg = 5.5V
input current V, = 04V
High level 2.4 24 v licag = =40 uA
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. The full scale D to A output current I, . = 4 times lgge. For optimum performance
lREF = 1.0 mA.

NOTE 3.

NOTE 4.

(see 2-59)

NOTE 5.
NOTE 6.

Excluding reference.

For main clock waveform see Fig. 5, 2-60

. 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.

For typical temperature performance see Fig. 6

Single polarity and other input ranges may be provided by different input resistor values
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ZNA433 Series

TEST CIRCUIT
+5v
] SW-1 -
BIT
' (MSB)
— ! 12 BIT
: REFERENCE AV
SW-10; DAC
i BIT10 r—'_—wwzj« - ZN433
UNDER
ul 12 + TEST
— BIT 10| 9| 8
+ (L58)
N
TRIANGLE
DITHER
GENERATOR X
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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ZN433 Series

CALCULATION OF EXTERNAL RESISTORS (See Fig. 2)

1.
2,

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

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 = R3

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

. Irer should be 1.0 mA, though it may be varied from 0.8 mA t0 1.2 mA,

_ Veer_
3710mA
lout s is four times lggg, i.e., 4 MA (I, for zero reading is 0 mA).

Therefore

. Analysing the network yields the following:

R, ——Vrer Rs
4 — .
Vin min
R — Vin max—V;, min
. Iout FS
Where V;,, max is the voltage for the logic output to be all 1's.
V,n 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, Rg and Rg is about 6250 as this
determines the D to A time constant and hence conversion time.
6. Thefollowing is a table of values to give examples of the above equations.

Vipmax | Viymin | Vgge R,y! R,! Rj R, Rg Re!
+25 -2.5 25 2.5kQ 625Q 25kQ | 1.25kQ| 1.25kQ ©
+2.5 -2.5 5° 5kQ 625Q 5kQ 25k0| 1.25kQ | 25kQ
+25 0 25 2.5kQ 6250 2.5kQ L] 625Q ®
+5 0 25 2.5k 625Q 2.5kQ © 1.25kQ | 1.25kQ
+4 -2 25 2.5kQ 625Q 25kQ |1.875kR| 1.5kQ| 2.5kQ
+4 -2 12 12kQ 625Q 12kQ [1.875kQ2| 15kQ | 25kQ

+10 -10 25 2.5kQ 625Q 25kQ | 1.25kQ 5kQ [ 1.67kQ

Note 1. Nearest preferred value may be used for R4, R, and Rg

*Note 2. External reference

7.

For setting up: R4 will adjust the offset.
R3 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 R4 (Typical values only).

VReR
n PIN 1
PINSIOM i A 2
100ka Ma 100k

5331

Fig. 4 — OFFSET CIRCUIT WITH UNIPOLAR OPERATION
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ZN433 Series

LOGIC DETAILS

" uP
INPUTO 1R
CONTROL UP/DOWN COUNTER “
oND o2 LOGIC | DOWN

MAIN S

CLOCK ov
[3900ns MIN[T} OUTPUT STAGE
'00ns
MIN IF "SEND DATA" IS
LOW ALL OUTPUT
TRANSISTORS ARE
TRANSFER I l TURNED OFF.
DATA 028 TRANSFER GATES
DATA 6 U—LJ— j
cLock DATA LATCH/SHIFT REGISTER
CLOCK
3?!‘2 v I‘B l‘9 lZO lzl lzl 123 lzl- lzs 125 ln se6s
811 10 BIT 1, SERIAL QUTPUT
LS8

Fig. 5 - LOGIC SYSTEM

NOTES ON LOGIC DIAGRAM

1.

2.

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.

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.

. 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).

. ALOW 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).

2-58



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) 1111111111
FS -2LSB 1111111110 + (FS —2LSB) 1111111110
3FS 1100000000 + (4 FS) 1100000000
+ FS +1LSB 1000000001 + (1LSB) 1000000001
+ FS 1000000000 0] 1000000000
+ FS-1LSB 0111111111 —(1LSB) 0111111111
FS 0100000000 —(% FS) 0100000000
1LSB 0000000001 —(FS -1LSB) 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
—14LSB) for transition1111111111t01111111110.

For bipolar, supply an input of —(full scale —4LSB) for transition 0000000000 to 0000000001, and
of (full scale—14LSB) for transition1111111111t01111111110.

REFERENCE
VOLTS
4
2:48)
L1 e N
"1 T~
247—7] ~
246
2:45
244
=40 -20 0 20 40 60 80 100 120
TEMPERATURE °C

5125

%0

Fig. 6 — TYPICAL REFERENCE VOLTAGE v TEMPERATURE (ALL TYPES)
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ZN433 Series

PIN CONNECTIONS

ov [1] TRANSFER DATA
-sv 2] SERIAL O/P BIT 1
SHAPE [3] BIT?
REF. AMP GND. [4] BIT 3
REF. AMP. /P [5] BIT L
Vagr +2¢8v [€] BITS
ov [} BITE
ov [g] BIT?
1 REF E BITS
Tout  fiol BITY
comp /P ] BIT10 (LSB)
COMP GND. [iZ] SEND DATA
+sv i3] DATA CLOCK
NC fid] MAIN CLOCK

5475/t

CHIP DIMENSIONS AND LAYOUT

159MIL

172 MIL
@ =~
w 33
w \ _15
Xz iZz. o
Q
25 T 33E345 &
[ | [ | |
REF. AMP. GND—
REF.AMP.INPUT— —BIT3
T BIT 4
VREF— -

ov= —BITS
—BITS

ov—
IReF— —BIT?

N.C—
N.C— —BIT8

NC—
—BITS

lout—

COMP INPUT— —BIT10
(R | | | 6225
¢t 7 Zgep ok
© + 8 83 38
a (=] O A
z 2
o &
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FERRANTI ZN440
semiconductors 7N441

6 Bit Flash Video-Converter, 16/10 MHz

ADVANCE PRODUCT INFORMATION

! 3
FEATURES 2|o—
REF HI _ﬁv“
® 16MHz sample rate - ZN440 3o
® 6-bit resolution ilo
2
® Expandable to 7 or 8 bits
® + % LSBIi i
+ % LSB linearity ANALOGLE _D— outPUT
® No sample and hold required 2 ———D’— 14 ENABLE
® Unipolar or bipolar analogue input
— Ds
® TTL compatible outputs :):>_ 8 tiss)
® + 5V supply D % o 8™
- BINARY LATCH
® 700mW power dissipation _DD—E“CODER — —g0
E — - 00,
DESCRIPTION ?
— — O D,
The ZN440 is a high speed, 6-bit, parallel ®
A to D converter capable of digitising rererence ~ - 00y
analogue signals at rates up to 16 mega- @) (e
samples per second. AC signals with UNDERRANGE @%
frequency components up to several 1| o—d Qs
MHz can accurately be digitised without » o — o
the need for a sample-and-hold circuit. 2| o— . S
Two or four ZN440/1’s can be stacked rer w0 S;L:!;zeészma
to give a 7- or 8-bit converter with a 3|o— R
minimum of external components. The -—r——1
ZN441 is a lower speed selection from “|o— 0 Vee
the ZN440 giving a minimum sample rate z
of 10MHz. l T v
o n o110 3
Applications include high-speed data STROBE Veer Vecz 6622
acquisition, video and radar data conver- i *INTERNAL LINK ZN40J ONLY
sion digital signal storage and image
processing. ZN440/1 System Diagram
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ABSOLUTE MAXIMUM RATINGS

Vee e e e e i e i oo .o . .. Oto +5.5V

Ve e e e e O to —-5.5V

Inputs, digital .. .. .. .. .. .. .. .. .. Oto +5V
Inputs,Vgege and analogue signal .. .. .. -4.2to +1.4V
Reference resistor current .. .. .. .. .. 60mA

Operating temperature range .. .. .. .. 0°Cto +70°C
Storage temperature range .. .. .. .. .. —55°Cto +125°C

Electrical characteristics (+ 5V supply, T,n,= +25°C unless otherwise stated, test circuit as fig.15).

Parameter Min. Typ. Max. Units Conditions

POWER SUPPLY
Recommended supply voltage

Veer 4.75 5 5.25 volts
Veez 1.8 2 Vee volts (See Note 1)
Vee -4.75 -5 -5.25 volts
Supply current
lec - 10 25 mA
leea - 90 125 mA
lee - 95 115 mA
ANALOGUE
Comparator common-mode -4.0 - +0.5 volts
voltage
Reference voltage span - Vgge - - 1.0 volts
Analogue span - Vggg - - 1.0 volts
Linearity error - - +0.5 LSB Vgee=1V
- +1 LSB Vger=0.5V
Input resistance, Ry 8 - - kQ
Input bias current, Iy - - 90 pA Vgee=1V
Input capacitance, Cy - - 100 pF
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Parameter Min. Typ. Max. Units Conditions
DIGITAL
High level output voltage Vgy 2.4 -~ . volts
Low level output voltage Vg, - - 0.4 volts
(Strobe)
High level input voltage, V|4 3.0 — - volts
Low level input voltage, V| - - 0 volts (See Note 2)
High level input current, |y - - 150 uA Viu=3V
Low level input current, I - - 150 uA V=0V
(Output Enable)
High level input voltage V4 2 — - volts
Low level input voltage V,_ - - 0.8 volts
High level input current |y - - - - (See Note 3)
Low level input current | - - 4 mA
DIGITAL
(Dynamic)
Minimum convert pulse width - 20 - ns
- Ty See STROBE circuit and
!\(Iinimum strobe low period - - 40 - ns text on digital delays
L
Maximum sampling frequency 14 16 - MHz ZN440
10 12 - MHz ZN441
Transient response - 15 - ns Full scale step input
Aperture delay Tgq - 20 - ns
Aperture jitter - - 300 ps
Digital output delays
t 50 75 100 ns
t, 90 105 120 ns
t3 50 65 80 ns
ty 65 78 100 ns
Differential output
Delays (max. variation in out-
put delays within one device)
(ty - tq) 25 - 40 ns
(ty - t3) 0 - 40 ns
Output enable/disable delays
tp1 7 8 15 ns
too 27 28 40 ns
e, 22 25 35 ns
th 35 40 80 ns

Note 1

section “Power Supply Connections”).
Note 2 : To enable the Input of the ZN440/1 to be driven from TTL outputs a simple emitter-follower
buffer can be used as shown in section ”“Clock Generator and strobe Driver Circuit”

(page 13).

Note 3 : See page 9, section “Output Enabie” .

. Linearity performance is improved by connecting Vec, to a nominal 2V supply (see
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GENERAL DESCRIPTION

The ZN440/1 is an ultra high-speed parallel (flash) A to D converter comprising an array of 64 strobed
comparators, encoding logic and an output latch.

A reference voltage applied across a tapped resistor chain defines 63 quantisation levels plus under-
range and overrange, one input of each comparator being connected to the resistor string and the
other input to the analogue signal. When an analogue voltage is applied all comparators whose
reference voltage is less than the input voltage will change state i.e. if the input voltage is_n_ of
64

Vger then n comparators will have tripped. The comparator outputs are decoded .into a 1 of 64
format by NOR gates then re-encoded into binary by a high-speed ROM and stored in an output latch.

STROBE INPUT

The strobe input controls the comparators and output data latch. Whilst strobe is high the comparators
are sampling the input signal and the result of a previous sample is stored in the output latch.

When strobe goes low the comparator outputs are latched in their current state, the latch becomes
transparent and the results of the new sample propagate through the latch to the data outputs.

The strobe input is buffered by an emitter follower circuit which is TTL compatible. However, for
maximum speed a minimum high level of + 3V is recommended. When driving from a totem pole output
this may be achieved using an external 1k pullup resistor.

Vec
1k
AL
100
STROBE 0—
2k
OUTPUT
2mA
4OVEE
6623

Fig. 2 Equivalent Circuit of STROBE Input

DEFINITIONS OF FLASH CONVERTER PARAMETERS

Digital Output Delays

These effectively define the response time of the ADC, i.e. the time which elapses between strobe going
low to sample the input and the appearance at the outputs of the data word corresponding to the sample.
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Digital output delay is made up of three components.

1)

2)

3)

Aperture delay. This is the time elapsed between the strobe input going low and the
actual instant at which the comparator outputs ‘freeze’. It is due mainly to the propogation delay
of the strobe driver circuit.

Internal logic delays through the encoder. These determine the minimum strobe low period
since strobe must not go high to latch the data before the new data word appears at the latch inputs

The minimum strobe high period is determined by the time the comparators need to respond after
strobe goes high.

The minimum strobe low and high periods determine the maximum permissible strobe (sampling)
frequency.

Latch and output stage delays. Since these occur after the point in the circuit at which the
data is latched they do not affect maximum sampling rate but only add an extra delay onto the
output data.

A timing diagram for the digital output delays is given in fig. 3. This shows typical timing waveforms
for a 13.3 MHz sample rate.

tH—ef
(25ns) |

INTERNAL
STROBE
WAVEFORM

ANALOGUE
SAMPLE N +1 INPUT

DATA N-1!
LATCHED ¢

DATA N DATA N+1 retivisy

DATA OUTPUTS
24 Dy TO Dg

6624

-
—— f————

Fig. 3 Typical Timing Diagram at 13.3 MHz Sample Rate
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One question which is often not discussed thoroughly in flash converter specifications is when to sample
the outputs to ensure a valid data word, taking into account device-to-device tolerances in digital output
delays.

Consider the case of two converters, one with the maximum output delays and one with the minimum
output delays in a situation where a data bit changes to a ‘1’ on the Nth sample and an ‘O’ on the
(N + 1)th sample. In the case of the slower converter the data N will not become valid until 120 ns
after the Nth falling strobe edge, (t, wax.), Whereas in the case of the faster converter the data N will

become invalid 50ns after the (N + 1)th falling strobe edge (t3 y.).

There is thus a window during which the output data will be valid for any device. Its width is (tg + t3
MmN, — T2 MAX.) This is illustrated in flg 4.

The choice of when to sample the output data therefore depends on the sampling frequency and the
strobe duty-cycle.

Where t, > tymax, [120ns] data N will always be valid by the (N + 1)th rising strobe edge, as shown
in fig. 4. The highest sampling frequency for which this holds is about 7.1 MHz (t, = 120ns, t4=20ns).

Up to about 8.3 MHz data N may be sampled on the (N + 1)th falling strobe edge. Above 8.3 MHz
the strobe period tg becomes less than 120ns so data N may not have become valid on this edge for
devices with the longest output delays. This is shown in fig. 5.

Alternatively, if t, <50ns then data N-1 will still be valid on the (N + 1)th rising strobe edge, even for
a device with the minimum output delays. This is also shown in fig. 5.

This holds up to about 14 MHz, when the data valid window disappears, as illustrated in fig. 6. Above
this frequency the data sampling point must be adjusted on test for each device.

When operating near the maximum sample rate it will be necessary to make provision for adjusting the
strobe duty-cycle since the strobe high and low periods for reliable strobing at the maximum
sample rate can vary from device to device. For example at 16 MHz one device may require t;=15ns
and t_ =47.5ns whilst another requires ty=25ns and t =37.5ns.

ts
120ns 120ns |
ﬁ \ ANa\ N+2 STROBE

/ DATA OUTPUT

DATA N-1 y DATA N DATA N+1 (MAX DELAYS)

\ DATA OUTPUT

DATA N-1 / DATA N \ DATA N+1 (MIN DELAYS)

—o DATAVALID [
WINDOW
6625

Fig. 4 If t, > 120ns output data N is valid on rising strobe edge N + 1. Limiting sample rate is
7.1 MHz as shown here.
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| 120ns: 50ns
STROBE

N+2
DATA N-2 '\ DATA N-1 /| PATAN \  pama outpur
(MAX DELAYS)
\ oATA N-1 /

—=| WINDOW

DATA QUTPUT
(MIN DELAYS)

6626

Fig. 5 Up to 8.3 MHz sample rate output data N may be sampled on negative strobe edge
N + 1. Alternatively data may be sampled on positive strobe edge N + 2 provided t, < 50ns.

s—-P)ns 50ns—
N1 j STROBE
DATA OUTPUT
A 0ATA (MAX DELAYS)
N

DATA OUTPUT
oara\ (MIN DELAYS)

6627

Fig. 6 At around 14 MHz the data valid window vanishes and data sampling instant must be
adjusted on test for each device.

\

MAXIMUM SIGNAL FREQUENCY

The maximum analogue input frequency that can be digitised is determined by the sampling frequency.
However, the accuracy with which it can be digitised is determined by aperture jitter.

Due to differing on-chip path lengths the aperture delay is not identical for each comparator. This
variation in aperture delay is known as differential aperture delay or aperture jitter.

The effect of aperture jitter is that the aperture delay is dependent on the highest active comparator in
the chain, which depends on signal level. The aperture delay and thus the sampling interval varies with
signal level, which means that some samples occur earlier and some occur later than nominal. When
sampling an A.C. signal this makes the sampled voltage higher or lower than the ideal value, depending
on the slope of the signal waveform.

As the slew rate increases the effect becomes worse.
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The effect of aperture jitter is illustrated in fig. 7, which shows what happens when a triangular waveform
is digitised, then reconstituted using a DAC with a constant sampling interval.

The maximum slew rate that can satisfactorily be digitised can be calculated by considering the effect
of aperture jitter as a slew rate dependent linearity error and defining an acceptable limit for its
contribution to total error budget. Alternatively the error due to aperture jitter for a given slew rate can
easily be calculated.

NOMINAL

SAMPLE
ACTUAL POINT
SAMPLE

POINT
ORIGINAL
SIGNAL

-
'
’/ \\
/ ~.
/ ~ SIGNAL RECONSITUTED FROM
v N DIGITAL DATA USING CONSTANT
o« \ SAMPLING INTERVAL
d
4 \
' \ p
e 7
N e /
\\ /
~ /
/
\ e
\ -
. \ e
Fig. 7a Effect of Aperture Jitter on a S/ 6626
Triangular Waveform N
N+1
1 %2158
Fig. 7b Linearity Errors due to Aperture Jitter N-1 6629
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Fig. 7b shows three consecutive samples, with the centre one being subject to aperture jitter. The

aperture jitter error (L.S.B.) is slew rate (L.S.B./ps).

: 2tay (ps)

Alternatively, defining the maximum acceptable error as + % LSB the limiting slew rate is ; LSB.
tal

For the ZN440/1 with a maximum aperture jitter of 300ps this gives a maximum slew rate of 1.65 LSB/ns
or 1650 LSB/us.

Perhaps of more interest is the maximum signal frequency that can accurately be digitised.
A sinewave signal is described by the equation A = Apgak sin 2 =ft.

For a full-scale sinewave applied to the ZN440/1 Apgak may be written as 32 L.S.B.
V = 32 sin 2 =ft.

and dV = 32x2xnf. cos 2 nft.
dt

A sinewave has its maximum slew rate at zero where cos 2 7ft. =cos 0= 1. Therefore, substituting the
previously calculated value of 1.65 LSB/ns or 1650 LSB/us

dV MAX.=1650=32.2 7f.max.mH2)
dt

fmax. =1650=8.2 MHz
32x2

i.e. the maximum input frequency for the ZN440/1 is limited by sampling rate rather than aperture jitter.
OUTPUT ENABLE

All logic outputs of the ZN440/1 are of the open-collector type requiring an external pullup resistor
of nominally 2k. The data output transistors may be turned off by taking the ENABLE pin high. A
timing diagram for output enable/disable delays is given in fig. 8.

————————— ~30V
ourPur fe N 50°%
ENABLE I

i |
| |
:“ tor™ }" ter =
| |
| I
DATA |
OUTPUT Do e e 24V
I e e F————— ———o0uv
|

| | [
be-tored b— tg,—=
6630

Fig. 8 Output ENABLE Timing

The ENABLE input is a high-speed current driven input. It may be driven from a standard TTL output
but the output may not achieve a logic ‘1’ level and should not be used to drive other gates. If driven
from any other type of circuit the input current should be limited to TmA. An equivalent circuit of
the ENABLE input is shown in fig. 9.
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cc

1K 413 v,
V5 I o TBE

O
INPUT OuTPUT
1k
o —oGND
L OVer 6631
Fig. 9 ENABLE Input Equivalent Circuit

UNDERRANGE/OVERRANGE

To facilitate stacking of two or more converters the data outputs are active only when the analogue
voltage is within the full-scale range of the ADC.

If V|y is greater than + Vger — % LSB then the data outputs are at full-scale (111111) and the out-
put transistors are turned off in any event.

If V|yis less than — Vger + % LSB then the UNDERRANGE output is low and the data output tran-
sistors are also turned off.

LOGIC CODING
ANALOGUE INPUT VALUE UNDER RANGE DIGITAL OUTPUTS
(Ap) OUTPUT UR Dg.oovne..e Do
AIN> +VREF—1/2LSB 1 111111
+Vper — %LSB > An > +Vger — 1%LSB 1 111110
~Vger +2%LSB > Ay > —Vgere + 1%LSB 1 000001
_VREF +1%LSB > Ay > —Vgee + 12 LSB 1 000000
An < —-Vger +%LSB 0 111111
STACKING

Provision of an underrange output and the fact that both ends of the reference resistor chain are
accessible means that two or four ZN440/1’s can easily be stacked to form a 7—- or 8- bit
converter. In theory the reference chains of two or four ZN440/1’s could simply be connected in
series to give an array of 128 or 256 comparators and thus 7 — or 8 — bit resolution.

However, due to differences in the absolute value of resistor between different IC’s the voltage
drop across each reference chain might not be the same, giving rise to linearity errors.

To overcome this problem the ZN440/1 is provided with additional (untapped) resistors at each end
of the reference chain. By making suitable connection to these resistors it is possible to make each
ZN440/1 operate over half the total reference voltage in the case of the 7 — bit stack or one-quarter
of the total reference voltage in the case of the 8 — bit stack. The reference chain connections for
7 - and 8 — bit stacks, for both unipolar and bipolar operation, are shown in fig. 10.
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ANALOGUE o—4 AN
INPUT 2 I
+VRer 1]

2 12
(+0-5V MAX) —(rs-
—o—
%‘A

2
2
GND

~VRrer

2
———o—
2

R3
2 23

RG4
20

R4

RS

—0 +Vger (+0-5V MAX)

1

VRer span
(2vV MAX)

[ —
(-0'5V MIN) 23

a) 7-BIT STACK WITH SYMMETRICAL b) 7-BIT STACK

BIPOLAR FSR

~Vger (-4-0V MIN)

6632

ANALOGUE

INPUTC-

©056

L
K
R1 ‘ TBZ

o——ol T
R2151l33gz

R3] 2

R{ 2 23] [RS[23

SN
s

S

5|

L

—0 + Vger (+0-5V MAX)

VReF sPAN
(2V MIN, 4V MAX)

=Vrer (~4-0V MIN)

c) 8 BIT STACK

6633

Fig. 10 Reference Connections for Stacking
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Fig. 11 Logic Connections for Fig. 12 Logic Connections for
7 - bit Stacking 8 - bit Stacking
@ 5V ’ —® 5V
9 x 2k
cqll . o0 0
16
8 > 07
17 4 1919 >
N0/ 5 1g T -
4he 5 ING40/y7
6 0 4417
18 >
6 + D,
REFERENCE AND
AND ANALOGUE
CONNECTIONS
19| SHOWN IN Fig 10
16— i N N2
8 —
9 ) D
3 Y
ZNU.O/'; 16
4alyg 2Nwson S o N1,N2 =12 74586
6 441 7}e
6634 12 .
19}e
2 ele—e
ZN1.1.0/19, -
Wl
18
el
1 ¥
16 fo—
8
IN4LO/ 7 |
441 9
18
6
6635

The matching of the reference resistors is sufficiently accurate to ensure that linearity is maintained
for the 7 — and 8 — bit stacks. Each converter operates over its own portion of the reference range
without any overlap or gaps at the transition points.

Note that the total reference voltage for the stacked converters should be chosen so that the reference
voltage across the reference chain (R4) in each converter is within the 0.5 to 1V limit, e.g. for the
8 — bit unipolar stack the total reference voltage should be between 2V and 4V.

In stacking configurations the six least significant bits are obtained simply by bussing together the
Do to Dg outputs of all the converters. In the case of a 7 —bit stack the MSB (Dg) is simply the
underrange output of the second converter, as shown in fig. 11. In order to give the same loading
conditions as the other six outputs it is wire AND-ed to the output of the first converter though
this has no effect from a logic point of view.

For the eight bit configuration Dg and D; are obtained by decoding the underrange outputs
using two exclusive-OR gates as shown in fig. 12. This, of course, increases the output delays due
to the additional propagation delays introduced into the Dg and D5 outputs.

2-72



ZN440/1

POWER SUPPLY CONNECTIONS
The internal current-mode logic of the ZN440/1 operates from a 4 Vge supply (approx. 1V) which is
3

supplied by an on-chip series regulator. In the ZN440/1CJ the regulator input is available at pin 10
and may be supplied with a nominal 2V supply to reduce chip dissipation.

This reduces chip temperature which reduces thermal gradients across the chip, improving linearity.
A suitable circuit for providing this voltage is given in fig. 13.

The original version of the ZN440 - the ZN440J - has pins 10 and 11 linked internally. No external
connection should be made to pin 10.

The ZN440J is a maintenance type and is not recommended for new designs.

When powering up the ZN440/1 care must be taken not to apply V¢ before Vge as this may
occasionally cause a latch-up condition.

A 50Q resistor in series with pin 11 will prevent this condition.

4x50a

+5vVo

PIN 11

—
—
o (PINIO
L—»

GND © + PINS 9,15

T DISC
-5V O— -* PINS 4,21

6636
Fig. 13 Suggested Supply Connections for up to Four ZN440/1’s

CLOCK GENERATOR AND STROBE DRIVER CIRCUIT

A suggested circuit for generating the STROBE pulses to the ZN440/1 is shown in fig. 14. This
consists of an oscillator based on Schmitt trigger N1 driving a pulse shaper circuit comprising N3-N6.
The clock frequency and STROBE high period can be independently adjusted using P1 and P2
respectively.

P15000” EXT CLOCK
0. Veet

N1, N2 - 7413
N3-N6 -.74502

Fig. 14 Suggested Clock and Strobe Drive Circuit
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The ZN440/1 may be operated at higher frequencies than those specified, if precautions are taken
to avoid encoding errors, caused by clock related glitches on the digital outputs. The amplitude of
these glitches which are frequency dependant will vary according to the settings of the clock waveform
and will produce encoding errors if they exceed the input threshold of the following
external logic gates. The following are recommended solutions:

a) By using logic gates with higher input threshold levels e.g. Schmitt trigger inputs.

b) By using latched inputs - care must be taken though to ensure that the data is actually read
whilst the digital outputs are below the latch input threshold voltage. Also, allowances must be
made for the device output delays.

c) The clock can be trimmed to give a minimum glitch amplitude - but this setting can be subject
to drift with temperature.

d) By taking the negative supply rail (Vgg) more negative e.g. -5.5V (but with Vgg=-5.5V,
:,/cc,nax = 5dV). Conversely if Vge is more positive than — 5V the effective speed of the device will

e reduced.

ANY DIGITAL
OUTPUT © — R ———— —— — — — — — — — VTHRESHOLD

Glitches well below the threshold voltage.

ANY DIGITAL

OUTPUT  — — VTHRESHOLD

Glitches just reaching threshold voltage - precautions need to be taken.
6746 /1
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TEST CIRCUIT

A suggested test circuit for the ZN440/1 is shown in fig. 15. The loading conditions on all data
outputs should be as shown.

C1,C2,C3 =100nF CERAMIC

a C4,C5 =10uF ELECTROLYTIC
1} 7 = ANALOGUE GROUND
mf)
1=k 1EgERE E
Vel Os R Ne
-50v —{4
Os S
c2 «w O& 3
. + O Z
ge M
DIGITAL
21 = -V—-C 9 16
= I T L o 15
+50V 11 14
ANALOGUE O B—e——12 { STROBE INPUT
INPUT [t
(75.0. SOURCE)
750
ty = 20ns
rrL H
an t, = 42ns
AMPLITUDE + 3-0V
RISE AND FALL TIMES
TYPICALLY 3ns
Vee
2K
ANY DATA
OUTPUT
15pF (INCLUDING TEST JIG
T CAPACITANCE)
T &————O DIGITAL GND

6638

Fig. 15 2ZN440/1 Test Circuit and Output Loading
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PIN CONNECTIONS

GROUND
Vce 2

(1c on zN4s0s3 O
Veer

ANALOGUE INPUT []

o

REF Lo 3
[ ] REF Lo 1

] REF Lo 4

[ Vee

[ ] REF Lo 2

] UNDERRANGE OUTPUT (Dg)
] o,

] D,

] D5 (MSB)

1 GROUND

] OUTPUT ENABLE

] STROBE

ORDERING INFORMATION

6639

PACKAGE DETAILS

LEAD 1

0,25

15,25
ctrs.

T

31 MAX

=a=—a=ac i

vix ) THOO
o

W

) _LM]IN
2

AIN
165
“MAX

S476/1

24 Lead Ceramic D.I.L.
Dimensions in millimetres

Type Number Operating Temperature Range Package
ZN440J* 0°C to +70°C Ceramic
ZN440CJ 0°C to +70°C Ceramic
ZN441CJ 0°C to +70°C Ceramic

* Maintenance type, not recommended for new designs.
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FERRANTI §W
semiconductors 7N449

8 Bit A/D-Converter, yP-compatible '

ADVANCE PRODUCT INFORMATION

FEATURES

©® Easy interfacing to microprocessors or operates as a ‘stand alone’ converter
® Fast 9 pus conversion time guaranteed

® Choice of linearity: % LSB—ZN447, %LSB—2ZN448, 1LSB—ZN449

@ On-chip clock

® Choice of on-chip or external reference voltage

@ Unipolar or bipolar input ranges

@ Choice ot commercial or military temperature range

DESCRIPTION

The ZN447, ZN448 and ZN449 are 8-bit, successive approximation A to D converters designed for
easy interfacing to microprocessors. All active circuitry is contained on-chip including a clock
generator and stable 2.5V bandgap reference.

Only a reference resistor and capacitor, clock resistor and capacitor and input resistors are required for
operation with either unipolar or bipolar input voltages. The ZN447, -8 and 9 are the most complete
8-bit monolithic ADCs available.

ANALOGUE O
INPUT
VREF N O >
8-BIT DAC —oRext
VRer out o—t—
8 CLOCK
25V GENERATOR [ ]
GROUND O—1 |REFERENCE ¥
INTERFACE [° -O WR (CONVERT)
SUCCESSIVE ] o 3O CK RC OR EXT
IMATION IST < CONTROL -ORD
Vcco-1—o APPROXIMATION REGISTER [} CONTR 79R.
+50 I O I ’
3-STATE BUFFERS b—
1 12 |13 14 15£6 17 |18 coes
OO0 6000600
(MSB) DB, DBy (LSB)

Fig. 1 SYSTEM DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
SUPPIY VORAGE, Vg weurnuiinniiiiiiiiiiiie it + 7.0 volts
Max. Voltage, Logic and VRer INPULS........coovuiiiiiiiiiiiii e Vee
Operating Temperature Range...........c.cccuieeiiiiiiiiinciiieenecanees 0°Cto +70°C (‘E’ package)
—55°Cto + 125°C (‘J’ package)

Storage Temperature RANGE...........ceeivuueiiiiiiiiiieiiiie et e e i —-55°Cto +125°C

ELECTRICAL CHARACTERISTICS (V. = + 5V, Tamb = 25°C, f 1, = 900kHz, unless otherwise

stated).

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

ZN447

Linearity Error — — L7 LSB

Differential Linearity Error — — +% LSB

Zero Transition 13.5 15 16.5 mV [Moulded ‘E’ package

(00000000->00000001) 15.0 [ 16.5 | 18.0 mV | Ceramic ‘J’package

5

Full-scale Transition 2.

48 [2.550 |2.562 | V  |Vpgr = 2.560V
(11111110511111111)

ZN44s8
Linearity Error — - % LSB
Differential Linearity Error - — *1 LSB
Zero Transition 12.0 | 15.0 | 18.0 mV | Moulded ‘E’ package
(00000000-»00000001) 13.0 | 16.5 | 20.0 mV | Ceramic 'J'package
Full-scale Transition 2.545 |2.550 |2.555 V | Vger =2.560V
(11111110->11111111)
ZN449
Linearity Error - — +1 .| LSB
Differential Linearity Error - — t2 LSB
Zero Transition 10.0 | 15.0 | 20.0 mV | Moulded ‘E’package
(00000000~ 00000001) 11.6 [ 16.5 | 21.6 mV | Ceramic ‘J’package
Full-scale Transition 2.542 |2.550 | 2.558 \% Vger =2.560V
(11111110->11111111)
ALLTYPES
Resolution 8 — — Bits
Linearity Temperature — +3.0 — ppm/°C
Coefficient -
Differential Lienarity — +6.0 — ppm/°C
Temperature Coefficient -
Full-scale Temperature - +25 | — |ppm/°C
Coefficient -
Zero Temperature
Coefficien':; - $8.0 | - wv/ec
Reference Input Range 1 3 v
Supply Voltage .
pply Yoltag 4.5 5 5.5 Vv
Supply Current ’
Power Consumption - 25 40 mA
— 125 — mwW
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ELECTRICAL CHARACTERISTICS (V. =

+5V, Tamb = 25°C, f_;, = 900kHz, unless otherwise

stated).
Parameter Min. Typ. Max. Units | Conditions
COMPARATOR
Input Current - 1 - pPA [ V|y = +3V,Regxr = 82k
Input Resistance — 100 -
Tail Current 25 65 150 PA | V— = —bv
Negative Supply -3 -5 -30 Y,
Input Voltage -0.5 — +3.5 \%
ON CHIP REFERENCE
Output Voltage ZN447 2.5301 2.550 | 2.5670 Rger = 390 N

ZN448 2.520 2.550 | 2.580 \

ZN449 2.500 | 2.550 | 2.600 Crer = 447
Slope Resistance — 0.5 2 ohms
Vger Temperature Coefficient - 50 —  |ppm/°d
Reference Current 4 — 15 mA
CLOCK
On-chip Clock Frequency - — 1 MHz
Clock Frequency Tempco — +0.5 - %/°C
Clock Resistor — — 2.0 kohms
Maximum External Clock — 0.9 1 MHz
Frequency
Clock Pulse Width 500 - - ns
High Level Input Voltage V|4 4.0 - — \%
Low Level input Voltage V,_ — — 0.8 Vv
High Level Input Current |, — — 800 HA | Viy= +4.0V,Vc = MAX
Low Level Input Current I, - — -500 PA [Viy= +0.8V, Ve = MAX
LOGIC (over operating
temperature range)
CONVERT INPUT
High Level Input Voltage V4 2 — - \Y,
Low Level Input Voltage V, — - 0.8 \%
High Level Input Current |, - 300 - PA | VN = +2.4V,Vc = MAX
Low Level Input Current I, - +10 - pPA [Viy= +0.4V, Ve = MAX
RD INPUT
High Level Input Voltage V4 2.0 - - \%
Low Level Input Voltage V, - — 0.8 \
High Level Input Current |y - —150 - pA Vin = +2.4V, Ve = MAX
Low Level Input Current | - —300 — pA | Viy= +0.4V, Ve = MAX
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ELECTRICAL CHARACTERISTICS (V_ = +5V, Tamb = 25°C, f_;, = 900kHz, unless otherwise
stated).
Parameter Min. Typ. Max. Units | Conditions
High Level Output Voltage Vgy 2.4 — — v lon = MAX, Ve = MIN
Low Level Output Voltage Vg — — 0.4 \ lo. = MAX, Ve = MIN
High Level Output Current Iy, — — - 100 LA
Low Level Output Current lo, — - 1.6 mA
Three-state Disabled - - 2 A Vour = +2.0V
Output Leakage
Input Clamp Diode Voltage — — -1.5 \Y
RD Input to Data Output — 180 | 250 ns
Enable/Disable
Delay Times Tg, 180 210 260 ns
Teo 60 80 100 ns
To 80 110 | 140 ns
Too 60 80 100 ns
Convert Pulse Width Ty 200 - — ns
WR Input to BUSY Output - - 250 ns
Propagation Delay Tgp — — - —

GENERAL CIRCUIT OPERATION

The ZN447 utilises the successive approximation technique. Upon receipt of a negative-going pulse
at the WR input the BUSY output goes low, the MSB is set to 1 and all other bits are set to O, which
produces an output voltage of Vggr, from the DAC. This is compared to the input voltage Vy; a

decision is made on the next negative clock edge to reset the MSB to O if Veer V|yor leave it set to

2
1if \—’2155 V|n- Bit 2is set to 1 on the same clock edge, producing an output from the DAC of % or V—ZEE
+ VREF

y depending on the state of the MSB. This voltage is compared to V,y and on the next clock edge

a decision is made regarding bit 2, whilst bit 3 is set to 1. This procedure is repeated for all eight bits.
On the eighth negative clock edge BUSY goes high indicating that the conversion is complete.

During a conversion the RD input will normally be held high to keep the 3-state buffers in their high
impedance state. Data can be read out by taking RD low, thus enabling the 3-state outputs. Readout
is non-destructive.
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CONVERSION TIMING

The ZN447 will accept a low-going CONVERT pulse, which can be completely asynchronous with
respect to the clock, and will produce valid data between 7% and 8 clock pulses later depending
on the relative timing of the clock and CONVERT signals. Timing diagrams for a conversion are shown
in figure 2.

—ple— |
| MSB DECISION

6 5 4 3 2 1 0

|

|

|

|

|

|

! l

—_— |
s T | —

| +

|

|

|

|

I

|

|

|

1

b e e e e e — J
SSEE EXPANDED DIAGRAM FIG.2b

7 . MIN WR PULSE WIDTH 180ns
DONT CARE NO MAX LIMIT

NOTE 1. GUARANTEED PERIOD OF 2 CLOCK CYCLE MIN. 1%2 CLOCK CYCLES MAX.
ALLOWS MSB TO SETTLE BEFORE MSB DECISION

FIG. 2a
NOTE 1
- - —————— »nr————bi‘
| ! MSB DECISION
CLOCK | ] |
WR @il >| |®
BUSY >
MSB - MSB DECISION
LSB >
FIG. 2b (EXPANDED INSET) 6554

Fig. 2 ZN447 TIMING DIAGRAMS



The converter is cleared by a- low -going CONVERT pulse whlch sets the most slgnlflcant brt and- S

resets alt the other bits and the BUSY .flag. Whitst’ the CONVERT input is:low the MSB output of the

DAC'1s contlnuously compared wrth the analogue |nput but otherwlse the converter 1s mhlblted

3

After the CONVERT 4nput goes lngh agaln the MSB decns‘ron is. made and ’the wcéessrve approxrma- B

tion routme runs 16 completlon

< . PR ..‘.‘:
.o .
e o

The' CONVERT pulsé can be] as’ short as 200ns however the MSB must be allowed to settle for at. .
least 550ns- before the MSB decrsron is made To. ensuré ‘that. this crltenon |s met ‘gven wrth short.
CONVERT" pulses the- converter Waits, aftef the CONVERT- |npdt goes hlgh for'a fising: clock edge.‘-

-

followed by a fallirig cléck’ edge the MSB decrsmn bemg taken ‘on the fallmg clock edge Thls ensures: © °

that "the MSR is’ allowed .to ‘settle for at_least half & clock, pefiod,- or. 550ns at-miaxinium clock“'
- frequency. The CONVERT |nput is not I0cked out durlng a converelon and |f it is: pulsed low at any :

time the con\/ersmn wUI resrart *

B

- The BUSY output goes htgh at the end of. a conversron mducatmg data valld Note that |f the three-';- .
state data’ outhts are enabled durrng a' conversion then vahd data, erI be avallable .at the outputs on '
the rising edge Qf the’ BUSY srgnal A, hOWever the- 0utputs are- not enabled unttl after, BUSY. goes e

- high then the data will - be sub;ect to the propagatlon delay of the three state buf‘fers (See under
DATA OUTPUTS) . e . o . .t )

CQNTINUOUS CONVERSION N

_ If afree-running. conversron is requlred then the converter can be made to cycle by mvertlng the BUSY. .

up an inital start pulse is required. Thls can be ensuréd by usmg a’ NOR gate mstead of - an mverter.'- .

and feeding it with a positive going pulse which can be derived from a simple RC network that gives
a single pulse when power is applied, as shown in figure 3a.

The ADC will complete a conversion on every eighth clock pulse, with the BUSY output going high
for a period determined by the propagation delay of the NOR gate, during which time the data can
be stored in a latch. The time available for storing the data can be increased by inserting delays into
the inverter path.

A timing diagram for the continuous conversion mode is shown in figure 3b.
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_L v +5V

. | ORTIONAL,
|- -DELAY -

OV

. L - 6546 .

-, ... . Fig 3aCIRCUIT FOR CONTINUOUS CONVERSION

CONVERT _I |_

6547
Fig. 3b TIMING FOR CONTINUOUS CONVERSION

As the BUSY output uses a passive pullup the rise time of this output depends on the RC time cons-
tant of the pullup resistor and load capacitance. In the continuous conversion mode the use of a 4k7
external pullup resistor is recommended to reduce the risetime and ensure that a logic 1 level is
reached.

DATA OUTPUTS

The data outputs are provided with 3-state buffers to allow connection to a commmon data bus. An
equivalent circuit is shown in figure 4. Whilst the RD input is high both ouput transistors are turned
off and the ZN447 presents only a high impedance load to the bus. When RD is low the data ouputs
will assume the logic states present at the outputs of the successive approximation register.

A test circuit and timing diagram for the output enable/disable delays are given in figure 5.
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vee
o
500n
20k
BITS 1-8
(PINS 11-18)
10k
po— ~
RDo—{ So———+——
(PIN 2)
GROUND o : 5571/1

Fig. 4 DATA OUTPUT

~ +30V

RD SIGNAL 50°ls 0
| | °
| ov

L Tg To,
-El
o 50° | Q0% LOGIC 1
TR
LOGIC 1 OUTPUT DATA ! | ~ 1.5V
i |
I
; | ~ 15V
LOGIC 0 OUTPUT DATA | \’—l_/—
| Te 0% —10°% LOGIC 0
0 )
-y |
6548
OUTPUT LOAD
+5V
4k
OUTPUT
ALL
c, 25k DIODES

I IN916
. ¢ ov

6549

Fig. 5 OUTPUT ENABLE/DISABLE DELAYS
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BUSY OUTPUT
The BUSY output, shown in figure 6, utilises a passive pullup for CMOS/TTL compatibility. This also
allows up to four BUSY outputs to be wire-ANDed together to form a common interrupt line.

Vce
10k
BUSY
GROUND $559/1

Fig. 6 BUSY OUTPUT

ON-CHIP CLOCK
The on-chip clock operates with only a single external capacitor connected between pin 3 and ground

as shown in figure 7a. A graph of typical oscillator frequency versus capacitance is given in figure
8. The oscillator frequency may be trimmed by means of an external resistor in series with the
capacitor, as shown in figure 7b. For optimum accuracy and stability of the oscillator frequency
without trimming the use of a crystal or ceramic resonator is recommended, as shown in figure 7c.
The final option is to overdrive the oscillator input with an external clock signal from a TTL or CMOS

gate, as shown in figure 7d.
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0SC

#

31 GND

Q) FIXED/ VARIABLE

~CAPACITOR .

% LOAD CIRCUIT TO SuIT
DEVICE USED

c) CRYSTAL OR
RESONATOR

. B)FIXED CAPACITOR -
4 VARIABLE RESISTOR:

d) EXTERNAL TTL
OR CMOS DRIVE

6550

Fig. 7 CLOCK CIRCUIT EXTERNAL COMPONENTS
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", . PR

. .
. . .
. . L.
. .
. .
. S e e
°

- 1OkHz | A IR A \ ) .
1kHz \
10p 100p n 10n 100N

6551
Fig. 8 TYPICAL CLOCK FREQUENCY vs. Ccp (Rex = 0)

ANALOGUE CIRCUITS

D to A CONVERTER

The converter is of the voltage switching type and uses an R-2R ladder network as shown in figure
9. Each element is connected to either OV or Vgge by transistor voltage switches specially designed
tor low offset voltage (1 millivolt).

A binary weighted voltage is produced at the output of the R-2R ladder:

n
D to A output = —== (Vger v —Vos! + Vos

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

Vs is a'small offset voltage that is produced by the device supply current flowing in the package lead
resistance. This offset will normally be removed by the setting up procedure and since the offset
temperature coefficient is low (8 pV/°C) the effect on accuracy will be negligible.

The D to A output range can be considered to be O-Vpgr 1 through an output resistance R (4K).

2—-87
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R (4k) R R R D TO A OUTPUT
2R 2R 2R 2R 2R
Vrer INO- . 28 *
(PIN 7) <—VOLTAGE —
SWITCHES
O VOLTS ~ | |
o~} : : :
(PIN 9) Vos DB, DB, DB, DB, 5569
Fig. 9 R2-R 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 (figure 10). A resistor (Rggr) should be connected between pins 8 and 10.

The recommmended value of 390-~will supply a nominal reference current of (5.0—2.5) /0.39 =
6.4mA. A stabilising/decoupling capacitor, Cger (4 p7), is required between pins 8 and 9. For internal
reference operation Vggr oyt (Pin 8) is connected to Vgge  (Pin 7).

Up to five ZN447s may be driven from one internal reference, there being no need to reduce Rrer.
This useful feature saves power and gives excellent gain tracking between the converters.

Alternatively the internal reference can be used as the reference voltage for other external circuits and
can source or sink up to 3mA.

(b) External Reference

If required an external reference voltage in the range +1.5 to + 3.0 volts may be connected to

2.5~
n

Vrer n- The slope resistance of such a reference source should be less than
of converters supplied.

where n is the number
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VCC‘+5V o)

(PIN10)
H RReF
(390n)

VREFOUT o
(PIN 8)
GROUND

(PIN9)O— 5562/1.

. CREF
(4p7)

AL

Fig. 10 INTERNAL VOLTAGE REFERENCE

RATIOMETRIC OPERATION

If the output from a transducer varies with its supply then an external reference for the ZN447 should
be derived from the same supply. The external reference can vary from + 1.5 volts to + 3.0 volts.
The ZN447 will operate if Vger y 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.

COMPARATOR

The ZN447 contains a fast comparator, the equivalent input circuit of which is shown in figure 11.
A negative supply voltage is required to supply the tail current of the comparator. However as this
is only 25 to 150 pA and need not be well stabilised it can be supplied by a simple diode pump circuit
driven from the output.



i ZNaATIEg -

. Sl T asVIRINIO :
. . . - 6k . . NPT
e .'TDLOGJ.C' y
N b7l HIGH: RETAIN Bn*.'“
L ;I 510 A ompm
. : K (0 VREFIN)
Fig. 11 COMPARATOR EQUIVALENT CIRCUIT
8 Ve ) ©0 Vee b Vee O Vee
47K J
R1| |4k7 RISy 1
IN914 BUSY - ZTX108C
BUSY [,
c1* c1*
R2 47k
REXT R
5 77k BXTI 3
IN914 9914 R |1k
GND |5 . O GND GND : O GND
¢ Vee oVec
1
8USY
cL¥
REXT _
L IN914
" GND —OGND . .
6552
R2xCI> }Q-Q-
ck
-Fig. 12 DIOD‘E PUMP. CIRCUITS
TO SUPPLY COMPARATOR TAIL CURRENT




Several smtable curcunts are shown in flgure 12 The pnncnple of operatroh is the’ same in ea(‘.h case

. Whlist the B § Y output i$ high capacitor €1-is charged to about 4.-45 volts 'Durmg a oonverswn the '

BUSY. output goes low and the upper end.of C1-is thus also pulled low. The, lower end of-€T therefore

appltes about —4V to R2, thus providing theé tail current for the comparator. The t|rne constant R2

. Clis'chosen accordmg to the- clock frequency so that droop of the Capacltor voltage is not slgmfncant
'durmg a conversmn .. .. . .

o The constramt on using thls type of c1rcuut is that c1 must be recharged whilst the BUSV butput |s .
. -high."If the BUSY output is high for greater ‘than one, canverter clock; period then the.&ir¢uit-of figure: -

" ~12a will:suffice. If this is not the case, for example in the contmuous coriversion mode,. then the

" circlits of flgures 12b and 12c ‘are recommended smce .these’ can pump more current |nto the o

capacnor

Where! several ZNd47s are. used in‘a system the self oscﬂlatmg d|ode pump clrcwt of frgure 13 is,

.recommended,, Alternatlvely, if a‘negative supply is available in the system. then thls may be utllised

":_-. A Ilst of sunable remstor values for dlfferent supply voltages is glven in table 1

N9 ey

100n

mn ' ' - ‘ sss’a

*-Fig. 13 DIODE PUMP.CIRCUIT TO SUPPLY COMPARATOR
TAIL CURRENT FOR UP TO FIVE: ZN447 s.
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— (Volts) Rexr (k)

3 47

5 82
10 150
12 180
15 220
20 330
25 390
30 470

ANALOGUE INPUT RANGES
The basic connection of the ZN447 shown in figure 14 has an analogue input range O t0 Vger |y

which, in some applications, may be made available from previous signal conditioning /scaling cir-
cuits. Input voltage ranges greater than this are accommodated by providing an attenuator on the
comparator input, whilst for smaller input ranges the signal must be amplified to a suitable level.

Bipolar input ranges are accommodated by offsetting the analogue input range so that the comparator
always sees a positive input voltage.

<+———DIGITAL OUTPUTS —44m8 ———»

Ls8 MSB  Vce
BIT8 7 6 5 . 3 2 BIT1 (+5')
B8 17 16 5 e 13 12 n 10
Rrer
IN&4T (390n)
1 4 7 8 9
Rext Rm
(82k)| | (&k) e ——
. l CREF.
BUSY '_R . TG (@pn
WR V- . AN Y N ND :
B IN ‘REF REFOU v
NOMINAL A;y RANGE = 0 10 VRgpIN ss67/2

Fig. 14 EXTERNAL COMPONENTS FOR BASIC OPERATION



UNIPOLAR OPERATION

The general connection for unipolar operation is shown in figure 15.
The values of Ry and R; are chosen so that Vi = Vgeg |y when the Analogue Input (A is at full scale.

ZN447/8/9

The resulting full scale range is given by: Ay FS = (1 + &), Vgee iy = G. Vger i

To match the ladder resistance R1/R2 (Ry) = 4k.

The required nominal values of Ry and R, are given by R; = 4Gk, R, =

VRer IN
AINo——
ZErRO[ M
ADJUST

o

680k 7

VIN
6 ZN 44T
9
R2 GROUND

Fig. 15 GENERAL UNIPOLAR INPUT CONNECTIONS

5557

Using these relationships a table of nominal values of Ry and R, can be constructed for Vger |y

=2.5 volts.

INPUT RANGE G R, R,
+5V 2 8k 8k
+10V 4 | 16k 5.33k




"+ the internal’ reference and 2% re5|stors a preset capable of adJustmg R by at least T 5% of its.

ZN447/8/9

* GAIN ADJUSTMENT

Due to tolerances in R and Ry, tolerances in Vgge and the gain (full-scale) error of the DAC, some
adjustment should be incorporated inta R, to calibrate the full-scale of the converter. When used with

nom|na| value is suggested

ZERO ADJUSTMENTS

. Due 10 offsets in ‘the‘DAC and coﬁ:parator the zero 0 to 1)(:qde‘ trans.ltlon would occur. wnh typ]catly" -
15rn\/ apphed‘ to the comparato: |nput Wthh corresponds to T‘/z LSB wrth a, 2. 56 volt reference .

" Zero adjus‘tment must therefote be provnded to set'the 2ér0 transitior to |ts correct value of + ‘/z LSB‘ .

‘of Bm\, with a 2.66\, reference. This.is achleved by app,lyung .an‘atjustable positive offsgt.to the tom-

ea:ator input,; via P2 and- R3 The values shown arg smtabie for alliinput ranges greater than T% Ymes . )

/l? +20% POTENTIOMETRES |
5565/1

+5 VOLTS FULL SCALE + 10 VOLTS FULL SCALE

Fig. 16 UNIPOLAR OPERATION COMPONENT VALUES

REF IN- . P A . ;0“. . oot e e,
Prac’(lcal CII’CuIt "values for- +5V and + 1OV mput ranges are glven m flgure 16 wh|ch mcorporates * e
both zero and. galn adjustments ) T . . :

AR L e TVRERING T AN T
P1BK| [ 11 " P10k’
GAIN | . GAIN
ADJUST - ADJUST
R1 5k6 680k R1 11k
I8 [ -
L TO PIN 6 1 TO PIN 6
R2 8k2
*2° RESISTORS R2 5k6
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IR UNIPOLAR ADJUSTMENT PROCEDURE ) . . Co
© (i) Apply contmuous convert 'pulses at |ntervals Iong enough to. ailow a complete conversuon and
" -monitor the dlgltal outputs K :
Ay Apply full. scale’ mmus ' 1%" LSB: to AIN and adjust galn untll Blt 8 (LSB) output jUSI fllckers between

0:ahd.1 with all:ather | bits.at 1- .

(n

|') Apply ‘/‘z LSB to AlN and ad;us.t zero urml Blt 8]ust fhcke.rs betweeo 0 and 1 W|th aII other bltS at O

.

e }‘J]\!lf’(')'l.'l-.\'R.SE.TTiN.GvUF{_P’QINT_S- .

" INPUTRANGE, +Fs ", [ % msB | . FS-1%.158" -
sy T o nemy s [T 4l9797vers | L
+1OV .‘ RN 19.5mV . . 9. 9414voltsv MR S .
" UNIFOLAR LOGIC CODING'
ANALOGUE INPUT (Al OUTPUT CODE
(NOMINAL CODE CENTRE VALUE) (BINARY)
FS—1LSB 11111111
FS—2(SB 11111110
% FS 11000000
% FS + 11SB 10000001
% FS 10000000
% FS—1LSB 01111111
% FS 01000000
1LSB 00000001
0 00000000
BIPOLAR OPERATION

For bipolar operation the input to the ZN447 is offset by half full scale by connecting a resistor R3
between Vger iy and V) (figure 17).
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VoreIN
REF
AINQ—-— €
o] w
7
\)
INle ZN447
9
R2 GROUND

5558
Fig. 17 BASIC BIPOLAR INPUT CONNECTION

When Ay = —FS, V|\ needs to be equal to zero.

When A= +FS, V)yneeds to be equal to Vgeg n-

If the full scale range is * G. Vgge v then Ry = (G—1). R, ana Ry = G. R fulfil the required conditions.
To match the ladder resistance R;/Ry/R3 (=Ry) = 4k.

Thus the nominal values of R;,R,,R3 are givenby Ry = 8 Gk, R, = 8G/(G—1)k, Rz = 8k.

A bipolar range of * Vgeg y (Which corresponds to the basic unipolar range 0 to Vgee ) resultsif Ry = Ry
= 8k and R, =00.

Assuming the Vgee |y = 2.5 volts the nominal values of resistors for * 5V and T 10V input ranges are

given in the following table.

INPUT RANGE G R, R, Rs
ts5v 2 16k 16k 8k
*1iov 4 32k 10.66k 8k

Minus full scale (offset) is set by adjusting R, 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 figure 18.
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AN VREF IN AN VRer N
—0
OFFSET ]7“5 OFFSET 8k2
ADJUST ADJUST

- >

Sk TO PIN 6 o TO PIN 6
AIN
ADSUST 2% RESISTORS AN
+20°% POTENTIOMETRES
13k 8k2
5570
+5 VOLTS FULL SCALE +10 VOLTS FULL SCALE

Fig. 18 BIPOLAR OPERATION— COMPONENT VALUES

Note thatin the * 5V case Ry has been chosen as 7.5 k (instead of 8.2 k) to obtain a more symmetrical
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 Ay and adjust offset until the Bit 8 (LSB) outputjust flickers between Oand1
with all other bits at O.

(iii) Apply + (FS— 1% LSB) to Ainand adjust gain until Bit 8 just flickers between O and 1 with all other bits
at1.

(iv) Repeat step (ii).

BIPOLAR SETTING —UP POINTS

INPUT RANGE, + FS | —(FS —% LSB) | + (FS —17% LSB)

+5v —4.9805V +4.9414V

t10v —9.9609V +9.8828V
= 28
1LSB = 5
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BIPOLAR LOGIC CODING

ANALOGUE INPUT (Ay) OUTPUT CODE

(NOMINAL CODE CENTRE VALUE) (OFFSET BINARY)

+ (FS—1LSB) 11111111

+ (FS—2 LSB) 11111110

+ % FS 11000000

+ 1LSB 10000001

0 10000000

—1LSB 01111111

—%FS 01000000

—(FS —1LSB) 00000001

—FS 00000000

CRDERING INFORMATION

TYPE LINEARITY (LSB) OPERATING TEMPERATURE RANGE | PACKAGE
ZNA47E Ya 0°Cto +70°C Moulded
ZNa47J Ya —55°Cto +125°C Ceramic
ZN448E Y 0°Cto +70°C Moulded
ZN448J Y2 —55°Cto +125°C Ceramic
ZN449E 1 0°Cto +70°C Moulded
ZN449J 1 —55°Cto +125°C Ceramic

PIN CONNECTIONS

END OF
BUSY(CONVERS[ON) 1]

QUTPUT
RO <ENABLE

cLock 3[_|
WR(CONVERS[ON)"L__
Rext 5[

vin 6]

Vrer v 7

VReF outs [ |

GROUND 9 (:

U

| JieBitawse)
7 Bit7
" ]1eBit6
Jissits
e sits
J138it3
| ]z Bit2
] sit1(MsB)

:} 104V (+5volts)
583z/2




FERRANTI ZNASOE
semiconductors ZN450C.J

Single Chip 3% Digit DVM IC

FEATURES

199.9 mV full-scale reading

Digital Auto-zero with guaranteed zero reading for OV input
True polarity at zero for null detection

True differential inputs

Direct drive of Liquid Crystal Display
On-chip clock and precision reference
Underrange/overrange indication

Low power consumption, less than 36 mW
Wide supply voltage range, single supply rail
No external active circuits required

DESCRIPTION

The ZN450 is a complete digital voltmeter fabricated on a monolithic chip and requires only ten
external, passive components for operation. A novel charge-balancing conversion technique
ensures good linearity. The auto-zero function is completely digital in operation, thus obviating
the need for a capacitor to store the error voltage. This versatile |.C. can be used as the basis not
only for digital voltmeters and multimeters but also for other instruments such as digital
thermometers.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Ve .. .. .. .. .. .. .. .. .. .. —0.5to0 +7volts
Maximum Voltage, all other inputs .. .. .. e .. .. —05to(Vcc +0.5) volts
Operating Temperaturerange .. .. .. .. .. .. .. .. 0to +70°C

Storage Temperature Range .. .. .. .. .. .. .. .. =—55°Cto +125°C

TO DISPLAY SEGMENTS AND BACKPLANE

0sc
0] PINS
1-3,20-29
LaTCH 1,3.3840)
CLOCK RESET _HOLD, LATCH AND
> MAIN COUNTER LIQUD CRYSTAL
oscrLATR - DISPLAY DRIVERS
J sum/sropig‘ REs A
AZINEASLRE w'ﬁ,}éﬂo oK DISPLAY 19
> ROUNDING >  COUNTER OOUTPUT
WP LOGK
RESET
" — 1
INPUT +
VOLTAGE DELTA -SIGMA 5y R
NPUT ~CURRENT ENCODER | [ VOLTAGE SHUNT Vee
1 SWITCHES ONVERTER| | (MODULATOR) RENCE| | |ReGULATOR
INPUT - —e
36
-0 GND
05 9 84 7 6 50 44 378 36 3 s
Ras Reus  Reery Reer1 ReeraCosmCosu Yeer N Vrer out REG OUT 6
Crery oS

Fig. 1—ZN450 SYSTEM DIAGRAM
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Parameter Min. Typ. Max. Units Conditions
Full-scale Reading -1999 — + 1999
Zero Reading —000.0 | +000.0 | +000.0] Digital Vin=0, Vgs =200mV
Reading
Rollover Error -2 0 +2 Count —Vin=+Vin= £200mV
conversion time >0.5sec.
Linearity -1 0 +1 Count Ves =200mV
conversion time >0.5sec.
Common Mode Range 1.8 - 3.8 Volts
Common Mode Rejection — 120 - uVv/v
Supply Rejection — 100 — uV/v
Input Offset Current - 0.1 1 nA Input bias resistors
matched to 0.1%
Input Resistance 7 10 13 MQ With 10 M input resistors
Zero Temperature Coefficient — — 1 uv/ec
Full-scale Temperature Coefficient Determined by tracking of Ref T.C.=0ppm/°C
external resistors
Oscillator Frequency Range — — 300 kHz
Conversion Time 0.25 - — |Seconds
(48000 Oscillator Periods)
VOLTAGE REFERENCE
Output Voltage 1.26 1.3 1.35 Volts
Temperature Coefficient — 80 |ppm/°C
Knee Current — — 150 uA
Maximum Sink Current 1 2 — mA
SUPPLY VOLTAGE
(a) Direct 4.5 5 5.5 Volts
(b) Using on-chip Shunt Regulator 6.0 - — Volts
(c) Using external NPN transistor| 6.5 — — Volts
(d) Using two transistor regulator] 5.5 — - Volts
Supply Current — 4 6.5 mA
SHUNT REGULATOR
Output Voltage 4.5 5 5.5 Volts
Sink Current — — 15 mA
DISPLAY OUTPUTS
Peak Voltage — +Vee _
D.C. Component — - +25 mV
) 1 .
Backplane Frequency — — — Oscillator
2000 Frequency
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GENERAL DESCRIPTION

The ZN450 utilises a charge-balancing conversion principle, which offers a number of advantages over the
more common dual-slope integration method.

These include a fixed conversion time which is independent of the analogue input voltage, completely
digital auto-zero and inherently bipolar operation. Linearity is also extremely good over the entire input
voltage range, unlike some dual slope designs where stray capacitance can cause problems around zero.
The conversion time of the ZN450 is divided into two periods, measure and auto-zero, unlike the dual-slope
system which has three distinct phases, signal integrate, reference integrate and auto-zero.

The heart of the ZN450 is the delta-sigma encoder, a simplified circuit of which is shown in figure 2.

Vee

+ 22

FAST COMPARATOR
10M 10M

we [ R
o IFa\

+

O
AUTO-ZERO/
MEASURE
CONTROL
LINE

GND

—{36

AUTO-ZERO SWITCHING
®WELL MATCHED (Vg gar) TRANSISTORS EEE!

Fig. 2—INPUT SWITCHING AND DELTA-SIGMA ENCODER

The delta-sigma encoder of the ZN450 consists of a voltage-current converter comprising T1 and T2, a
reference current generator A1/T5 and a feedback loop containing a fast comparator, D-type flip-flop and

current switches T3and T4. These can switch a current Iggg = :REF into the collector circuit of either T1or
REF2

T2, depending on the state of the flip-fiop.

The polarity of the voltage across capacitor Cpsy is monitored by the comparator, whose output is
sampled on every clock pulse by the flip-flop. The outputs of the flip-flop switch Iggg into the collector
circuit of either T1 or T2 so as to oppose the existing voltage on Cpgwm i.e. to maintain the average charge
acquired by Cpgm at zero, thus keeping the circuit in equilibrium.

Assuming perfect symmetry in the circuit, with zero volts applied between the bases of T; and T, their
collector currents will be equal, and the only charge acquired by Cpgpm will be that put on it by Iggg. The flip-
flop will thus change state on every clock pulse so that Cpgym will alternately acquire charge quanta of
+lgeeTcand — IgeeTc (where T is the clock period) and the nett charge acquired will be zero. The output
of the flip-flop will thus be a square-wave with a 50% duty cycle.
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During the measurement phase the voltage to be measured is applied between the bases of T1and T2 and

is converted into a current |y = in. flowing in Rgerr. This produces a difference current 2l in the
REF1
collector currents of T1 and T2, so that the charge acquired by Cpsm is no longer equal and opposite

( + 1gee) but is now (Iggr — 2lin) T when T4 is turned on and (= Iger — 2liny) Tc when T3 is turned on.

In order to maintain equilibrium the flip-flop will now no longer change state on every clock pulse but will
remain in one state for a longer period than it remains in the opposite state.

i.e. NiTcllger — 2lin) + (N =N1)Tc (= lggr = 2lin) =0
where N is the number of clock pulses for which the flip-flop outputis a ‘1" and N is the total number of
clock pulses over which the measurement is made and assuming N is so large that quantising error can be
ignored.
Thus Nq(lggr — 2lin) = (N — N1)(lggr + 2Iin)
At this point it is perhaps worth noting that the DSM saturates (0% or 100% duty cycle) when Iy is plus or

minus 'REE.
2

In order to provide an overload margin for series mode rejection the ZN450’s DSM operates with a peak

duty-cycle of nominally 10% for minus full-scale and 90% for plus full-scale (= + §|REF) giving an
overload margin of 25% of the full-scale input voltage.
2Ni=N _ 2y o N, N = Nin _ NViy Rrero

Now
N IRer 2 lger  RRger1 VRer

What this means is that an up counter preset to _ZN and allowed to count N; will accumulate a number

proportional to V y, assuming N, Rrer1, Rrerz @and Vger are fixed. By suitable choice of these parameters

Ny =N

greater or less than g‘ in proportion to any zero error in the system it is possible to provide a digital

can be made directly equal to V,y in volts or millivolts. Furthermore, by making the preset number

auto-zero.
The ZN450 indicates positive overrange at a count of + 2000 when the duty cycle is 90% and Iy =§ IREF-

The required value of N can thus be obtained by substituting the overrange reading of 2000 for N; _ZN
and the corresponding value of 2 for iy , 2000 = 2—N, N = 5000.

5 REF 5
In fact the display counter is preceded by a +4 stage which is part of the auto-zero logic so the actual
measurement period must be 20,000 clock periods to give a maximum of 5000 pulses at the display

counter.

The display counter of the ZN450 can count from — 5000 to +5000. It is preset to nominally — 2500 during
the auto-zero phase by allowing it to count from —5000 to — 2500, as explained below.

Auto-Zero

Due to offsets and component mismatching in the delta-sigma encoder the displayed count accumulated
for zero input voltage will not be zero. In order to remove this error and give a true zero reading for OV input
the ZN450 incorporates an auto-zero facility. This is completely digital in operation and there is no need to
store the error as an analogue voltage on a capacitor, as is the case with some dual slope-designs.
Furthermore the conversion period of the ZN450 comprises two well-defined phases, measure and auto-
zero, unlike dual-slope DVMs which have signal integrate, reference integrate and auto-zero phases.
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1 CONVERSION CYCLE =48000 CLOCK PERIODS 1 CONVERSION CYCLE = 48000 CLOCK

|
‘ AUTO - ZERO l ‘ MEASURE ‘ AUTO - ZERO ! | ME
— — —t —t

lLOOO' 20,000 CLOCK PERIODS l4000| 20,000 CLOCK PERIODS lAOOO| 20.000 CLOCK PERIODS lAOOOl
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Fig. 3— TIMING DIAGRAM OF ZN450

A timing diagram of the ZN450 is shown in figure 3. Its duration is 48000 clock periods and its two principal
components are the measurement phase and the auto-zero phase which each occupy 20,000 clock
periods. Each phase is separated by a space of 4000 clock periods to allow the input switches to settle. This
also illustrates another advantage of the charge balancing conversion technique. Since the delta sigma
encoder can run continuously without saturating and its average duty-cycle is always a measure of the
input voltage, it is possible to allow the input switches to settle in this way before starting a measurement
by activating the system counters.

Contrast this with the dual-slope DVM where the integrator capacitor begins to accumulate charge
immediately the input voltage is connected. The system counter must start at the precise instant that the
input voltage is connected which means that the input switches must be fast and noise-free. Furthermore
termination of the measurement is determined by the comparator accurately detecting a single zero-
crossing, so noise in the comparator or from other sources can cause errors. In the charge balancing DVM
the comparator detects many zero crossings and noise tends to be integrated out.

Operation of the auto-zero system is best understood by considering what happens when an auto-zero
phase is followed by a measurement with zero volts input. During the auto-zero phase the inputs of the
DSM are disconnected from the analogue inputs and shorted to a point within common-mode range of the
DVM. The counter is reset to — 5000 and the system is allowed to run for 20,000 clock periods, but with the
DSM output inverted. This means that the number of clock pufses counted will be, not Ny but (N —Ny).
During the subsequent measurement with zero input voltage N, pulses will be counted, so that the total
count will be N, i.e. 5000. The display counter will thus have counted from — 5000 up to zero and zero will
be displayed.
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Due to the quantising error inherent in any digital measurement it is possible that the result of the
measurement with zero input could differ from the result of the auto-zero by 1 count, thus giving rise to a
zero error of + 1 digit. To avoid this problem the ZN450 incorporates two guard bits in the form of a +4
stage and rounding up logic preceding the display counter. This means that although the display resolution
is 1 partin + 2000 the resolution of the measurement is four times better. Any zero error in the two (non-
displayed) guard bits will not appear in the display and the logic also subdivides the zero state into + 0000
and — 0000 for true polarity indication.

As an additional benefit flicker in the last digit of the display is minimised.

Input Resistance

The input resistance of the ZN450 is determined by the two 10M bias resistors, the value of Rggrq, and hye
and ro of T1and T2.

An equivalent input circuit is shown in figure 4. The input resistance comprises h¢e (Rrer1 + 2r¢) in parallel
with 20M due to the two 10M input resistors.

+5V
10M oM Vi
32 ec
0
160nA 160nA
9
12 Cbtvb“ > tvb’
INPUT + O- R
(1+hgelre
8
(HheeR = ‘b
h.
fe’ "REF1 Vbe
7
(1+h¢e)re
INPUT — O- n —_——
6446

Fig. 4 — EQUIVALENT INPUT CIRCUIT OF ZN450

The h¢ of T1 and T2 is typically about 100 and r, is around 2.5k, therefore:

- 100 (Rrgpq + 5k) X 20M
100 (Rgrerq + Bk) +20M
For 200 mV full-scale, when Rggrq =200k the input resistance is around 10M.

Rin

Reference Loop and Supply Regulator
The reference current defining loop is shown in more detail in figure 5.
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REGULATOR OUTPUT Vee

{32

Fig. 5— REFERENCE CURRENT LOOP AND SUPPLY REGULATOR

A reference input voltage applied to the non-inverting input of A1 causes the output of A1 to bias T5 such

that the inverting input of A1 assumes the same potential and a current V;EF IN flows in Rgero. By making
REF2

the input bias current of A1 the same as the base current of T5 this base current flows into the inverting

input of A1 instead of through Rrerz. The reference current flowing in the collector of T5 is therefore

almost identical to the current flowing in Rgerz. The reference loop is stabilized by Crer2 and Rrers-

A highly stable on-chip bandgap reference of approximately 1.28V is provided and this may be used by
linking Vrer ouT to Vrer v when the reference will be biased on by the 150 uA current source connected to
the non-inverting input of A1. The on-chip reference is stabilised by Crer1. The on-chip reference also
provides the reference voltage for the on-chip supply regulator A2. This compares Vggr against !25 and
controls V¢ with transistor T6 such that the two are kept equal, i.e. Vcc=5V.

The supply regulator can be configured as a shunt or series regulator using only a few external
comporents.

If VRer ouT is not connected to Vger iy but supply regulation is still required then the on-chip reference must
be biased on by a 22k resistor to Vcc.

Setting Full-Scale Range

The described equation previously arrived at for the charge-balancing converter was:
NVin Reerz - N

VRer- Rreri 2
i.e. displayed reading = \N/F:/Exr: gﬁi:
and since N = 5000
Displayed reading = 5,000 V\Q;.R;::;

or, substituting the maximum reading of + 1999 and rearranging again:
+ 1999 Vgee- Rrer
5000.RRer2
+0.4 Vgee. Reer
RRrer2

Vin(full-scale) =

These equations are in fact not exact since they do not take account of the reference amplifier offset
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voltage, which is typically + 5mV. This offset means that Iggr is not precisely %/REF .1,0f T1and T2in the
REF2

voltage-current converter also appears in series with Rge, (typically 5k). In practice this is not a problem
since the tolerance of the on-chip reference means that a calibration adjustment must be provided anyway.

Using the on-chip reference voltage of 1.26 — 1.35 volts the recommended component values for a full-
scale reading of 199.9 mV would be Rger1 = 200k, Rrerz =500k (min.), 520k (max.). Allowing for the use of
2% tolerance components for Rgerq and Rrerp an adequate adjustment range for calibration purposes will
be provided if Rger, is made up of a 470k resistor in series with a 100k multiturn trimmer. Full-scale ranges
less than 200 mV can be accommodated by reducing the value of Rggg1, thus producing the same full-scale
input current for a smaller input voltage. The limitations on the minimum value of Rggg1 are caused by non-
linearity in the voltage-current converter, offsets in the auto-zero switches, and the fact that r, becomes a
much larger proportion of Rgegy. These factors place a practical limit of about 20k on Rggr.

Similarly full-scale ranges greater than +200mV can be accommodated by the value of Rpgri. The
maximum input voltage that can be applied is limited by the common-mode range of the differential inputs.
Provided the common-mode range of either input terminal is not exceeded the maximum differential
voltage that can be applied between the inputs is about +2V.

The full-scale range can also be adjusted by varying Rger2 which determines the reference current, and
indeed placing a preset in series with Rrge is the recommended method of calibration.

Irer can also be varied by using an adjustable external reference voltage instead of the internal reference,
which makes ratiometric operation possible.

The minimum value of Iger is limited to about 3 uA since above this value the voltage-current converter
becomes non-linear. The maximum value of Iggr is not quite so well defined as it is determined by
deterioration in.the performance of current switches T3 and T4 at low collector currents. The minimum

useable value of Igge is typically 500 nA. This means that the upper and lower limits are —52—)/8—%% and \5/%%’5

respectively. The upper and lower limits on Vge itself are determined by the common-mode range of the
reference current amplifier A1 whichis 1V to 1.5V. Ratiometric operation with a variable Vggr within these
limits is possible provided that the upper or lower limit of Irgr is not exceeded.

Supply Voltage Options

The ZN450 is designed to be extremely flexible with regard to supply voltage and four power supply
options are possible allowing operation over a wide range of supply voltages. These options are illustrated
in figure 6.

The first option is to ignore the on-chip regulator and to connect an externally stabilised voltage of 4.5V to
5.5V direct to pin 32, for example a 5V logic supply.

For supply voltages greater than 6V the on-chip shunt regulator (pin 33) may be used by linking pins 32 and
33. When using the shunt regulator an external resistor must be placed in series with the supply to limit the
regulator current as shown in figure 6b. The value of this resistor is given by:

vsupply —5volts
5

R= (k,%) which allows for the maximum 5 mA current consumption of the |.C.

If the supply voltage is unstabilised then R should be calculated using the minimum supply voltage that will
be encountered. The current drawn by this configuration increases with supply voltage as the shunt
regulator sinks more current in order to maintain V¢ at 5V. The maximum allowable supply voltage is thus
determined by the 15mA maximum rating of the shunt regulator, assuming very little current is drawn by
the DVM circuitry, i.e.
Vmax = 15(mA) x R(kQ) + 5 volts
=(3Vpmin — 10) volts
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Q) Sv SUPPLY b) USING ON-CHIP SHUNT C)USING EXTERNAL NPN
REGULATOR TRANSISTOR
*6k8
7 2|,
cc
T 10k
I =22y ZN45S0
- 100k
REG OUT
%70k 3
680k
. 35]OND
*START-UP RESISTOR BACKPLANE
_ 2
R(kn) > Vaury puasy™S b - - B L,
1mA ! i )——= 10 'BAT LO' PIN
} OF DISPLAY :
| CMOS EXOR h
_GATE eg V400 ___ __ J

d) SUPPLY REGULATOR WITH LOW

BATTERY INDICATION

Fig. 6— SUPPLY VOLTAGE OPTIONS

Since the current drawn by the shunt regulator increases with supply voltage this configuration is not
recommended for battery operation where long battery life is a prime criterion, as the current drawn froma
new battery could be up to three times the maximum current consumption of the DVM.

ZN450E/CJ

For battery operation a series regulator circuit is recommended which can be constructed using one or two
external transistors controlled by pin 33. The simplest series regulator, shown in figure 6c, uses a single
NPN transistor and allows operation down to about 6.5V. Current consumption of this circuit is the normal
current consumption of the DVM plus the base current of the transistor.

The base resistor must be chosen such that it can supply sufficient base drive when the supply voltage is a

minimum assuming

(a) Maximum DVM current of 6.5mA

(b) Maximum shunt regulator voltage of 5.5V

(c) Minimum gain of the transistor

Vinin — Vreg - Vbe T

I

Now base current |, (mA)

Ry
required base current - 65mA
hfe (min)
Therefore Rp(kQ) - (Vinin — Vrege_s\/be T1) X hge
= Vmin—6) xhte
6.5
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Example. The circuit is to operate down to 6.5V with a transistor type whose minimum gain is 80
R (6.5—6) x80
b D970/ 2O
6.5
= 6.1k
Nearest value of 5k6 is used.

Although a great improvement on the shunt regulator, the circuit of figure 6c¢ still does not achieve
maximum battery life since Vi, must always exceed the regulator voltage by Ve 11 plus the voltage drop
across Ry,

For the ultimate in battery life the circuit of figure 6d is suggested. This allows operation down to voltages
as low as V,eq + Vcgsar) 71 @nd, as an added bonus, it automatically detects the end of useful battery life,
i.e. the point at which the regulator ceases to function.

T1 is a PNP series regulator transistor controlled by pin 33 via T2, which provides the required signal
inversion. During normal operation the voltage drop across R1 is small since the base current required by
T2is only a few hundred nanoamps, and the voltage at pin 33 is not inuch above the Vi, of T2 (about 0.6V).

When the battery voltage drops to V,eq + Vcgsar) 71 the voltage at the non-inverting input of the regulator
amplifier will fall below Vggr and the shunt regulator output transistor will turn off causing the voltage at
pin 33 to rise to about 80% of supply.

Pin 33 can conveniently be connected to a low battery indicator consisting of a CMOS EXOR gate, as
shown in the dotted box. When pin 33 is low the output of the EXOR gate will be in phase with the
backplane and the LO BAT indicator will be extinguished. When pin 33 is high the output will be out of
phase with the backplane and LO BAT will be visible.

Oscillator Options

The on-chip oscillator of the ZN450 may be used with various configurations of external components, as
shown in figure 7. It will operate with only an external capacitor, which may be fixed, or variable to adjust
the oscillator frequency. Alternatively the frequency may be adjusted by placing a variable resistor in series
with the capacitor. Graphs of oscillator frequency versus capacitor and resistor values are given in figure 8.
If absolute accuracy of the oscillator frequency is required then a crystal or ceramic resonator may be used
as the frequency determining element. By making the integration time a whole number of mains cycles a
degree of mains interference rejection can be provided. For example a 100 kHz crystal gives an integration
time of 200 ms which is 10 cycles at 50 Hz mains frequency or 12 cycles at 60 Hz, the total measurement
interval being 480 ms or just over two conversions/second.

If mains interference is superimposed on the input signal it is important that its peak amplitude should be
less than 25% of full-scale to avoid saturation of the DSM. If this is not the case then the ZN450 should be
preceded by a lowpass filter to give additional mains rejection.

The final option is to overdrive the oscillator input from a TTL or CMOS gate, as shown in figure 7d.

In order to maintain an adequate drive to the comparator the value of Cpgm must also be changed in
proportion to the oscillator period. A table of suitable values is given below.

Oscillator frequency Cosm
(kHz) Min. Max.
50 200n 2u
100 100n Tu
150 68n 680n
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30 BSC 30r

lono u

a) FIXED/ VARIABLE CAPACITOR b) FIXED CAPACITOR + VARIABLE
RESISTOR

A 1]
l"»

10k
30— 30
I~
—
36
Cx = RECOMMENDED CRYSTAL
LOAD CAPACITANCE
c) CRYSTAL d) EXTERNAL TTL OR CMOS DRIVE
e USE PULL-UP WITH TTL GATES
ONLY EREL]

Fig. 7— OSCILLATOR OPTIONS

f(kH2z) f(kHZ)
1000 1000
C=68pF
N C =100pF
ot |
N T C=150pF
T
\ | LT foed C=220pF
100 100 C=330pF
Sy
C=470pF
C =680pF
—
—1 € =1000pF
N [ ) —
—
10 10
10 100 1000 0 1 2 3 4 5 6 7 8 9 10
Cosc (pPF)—s Rypim (ka)—

6450

Fig. 8— OSCILLATOR FREQUENCY vs EXTERNAL CAPACITOR AND RESISTOR
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Range Output

To simplify the design of auto-ranging instruments, underrange and overrange detection circuits are
provided in the ZN450. Overrange is indicated when the count exceeds 1999, whilst underrange is
indicated for counts less than 150. This provides a degree of hysteresis to prevent the instrument jittering
between ranges, which could occur if underrange was indicated at a count of 199 and there was a
mismatch in the attenuators or other signal conditioning circuits.

Because the pins of the ZN450 are fully utilised it is not possible to provide separate underrange and
overrange pins, so a single three-state output is provided.

If the measurement is in range then pin 19 will be at \_/(é:_c + 0.5V with a source resistance of approx. 40k.

For an overrange measurement pin 19 will go HIGH for 1000 clock pulses synchronous with the data store
pulse at the end of the measurement. For an underrange measurement pin 19 will pulse LOW in a similar
manner. In each case the output resistance is approx. 80k.

The range output can be fully decoded using a dual comparator, as shown in figure 9.

A visual overrange indication is also provided. In this condition the leading digit of the display shows a ‘1’
whilst all other digits are blanked.

VCC
56k
+
A OVERRANGE
19 82k
+
B UNDERRANGE
56k
GND 6451
Range Output Output A | OutputB
Underrange (GND) 0 n
In Range ( %2V¢c) 0 0
Overrange (V¢c) n 0

Fig. 9— DECODING THE RANGE OUTPUT
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Display Hold

The reference input, pin 37, also doubles as a display hold pin. If this pin is grounded then the display will
continue to show the results of the last valid measurement until pin 37 is released. Display hold also resets
the system counters and a new measurement begins immediately display hold is released. The method of
activating display hold depends on whether or not the on-chip reference and shunt regulator are being
utilised.

If an external reference voltage is used (pins 35 and 37 not joined) then display hold can be activated by
grounding pin 37 with a single-pole switch, transistor or open-collector logic gate, provided that the
external reference is not required to supply other circuits. If the on-chip regulator is to be used then pin 35
must, of course, be biased up with an external 22k resistor so that Vggr can supply the reference voltage for
the regulator. If the on-chip reference is used but the on-chip regulator is not then display hold can be
activated in a similar manner by grounding the junction of pin 35 and pin 37.

However, since the on-chip reference also provides the reference voltage for the on-chip regulator pin 35
must not be grounded if the regulator is in use or the supply voltage will drop to zero. If the on-chip
reference and shunt regulator are both used then pin 37 must be disconnected from pin 35 before it is
grounded to activate display hold. This is illustrated in figure 10. As pin 37 normally supplies the bias
current for the on-chip reference this must be provided by an external 22k resistor when these pins are not
linked.

B B

V,

EX \/ EXT 37
REF T REF IN REF DT REF IN
l 36

GND
v, 22k
35_1 VReF our Cﬁ__{:_ﬂ VREeF out
a) EXTERNAL Vgep SUPPLY REGULATOR b) EXTERNAL Vger SUPPLY
NOT USED REGULATOR USED
37| Vrer v

36

%

135] Veer our

) INTERNAL Ve SUPPLY REGULATOR d) INTERNAL Vgep SUPPLY
NOT USED REGULATOR USED 6452

Fig. 10— DISPLAY HOLD OPTIONS

Backplane Output

The backplane output normally provides a squarewave of the same frequency as, but 180° out of phase
with, the active segment outputs. This provides the necessary a.c.4drive to the L.C. display. By grounding
the backplane output the a.c. drive to the segments may be inhibited and the segment outputs become
normal active low (TRUE =0) outputs. This facility is useful if the output data is to be used for some
purpose other than display driving. An L.C. display should not be connected to the ZN450 in this condition
as d.c. drive will eventually damage it.
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Decimal Point Drive

The ZN450 provides all the outputs necessary to drive the segments of a 3% digit liquid crystal display.
However, in order to drive decimal points and annunciators such as low battery indicators, some external
components are required. To turn on a decimal point it is necessary to provide it with a drive signal of the
same frequency as, but 180° out of phase with, the backplane output. For driving a single, fixed decimal
point, the simple inverter circuit of figure 11a can be used.

If more than one decimal point is to be selected then it is necessary for the unused decimal points to be
switched off by arranging their drive waveforms to be in phase with the backplane output. This is simply
achieved using exclusive OR gates as shown in figure 11b.

TO DECIMAL POINT
PIN OF DISPLAY

ZVN1304A

GND

136

Fig. 11a - DRIVING A FIXED DECIMAL POINT

32 \/

DD
Vee gp
8P % )D———-— LH OP
y
. .
B ECIMAL ) D——cmoe

IN450 POINT

SELECT H_’D | rh oo

* 1t

FROM __“:)P—— LO BAT
GNO__ |pETECTOR 4070
36 ‘vss
¢Ging
*Logic 1=0N
Logic 0= OFF

TSee also figure 6

Fig. 11b — DECIMAL POINT SELECT AND ‘LO BAT' INDICATOR DRIVE
USING EXCLUSIVE OR GATES

A logic ‘1" on the input causes the output waveform to be out of phase with the backplane and the
appropriate decimal point is activated. Conversely a logic ‘0" causes the output to be in phase with the
backplane. A single 4070 CMOS quad-EXOR gate |.C. will provide the drive for the three decimal points of
a 3% digit liquid crystal display plus the drive to a low battery indicator. A suitable low battery detection
circuit is shown in figure 6d.
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External Components

A basic 200 mV DVM can be built using only ten external passive components, as shown in figure 12. In
addition to these components it is good practice to include input protection resistors to limit the maximum
input current to 50mA in the event of an input overload. The resistance and power rating of these
components depends on the maximum voltage against which the inputs are to be protected.
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10n T ’&;; —{ 3>
. L OLL LI

Fig. 12 - EXTERNAL COMPONENTS FOR A BASIC 200mV DVM WITH 5V SUPPLY
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Signal Conditioning

The ZN450 can be used with a wide variety of signal conditioning circuits and transducers to provide a
digital display of any parameter that can be converted into a suitable d.c. voltage.

Voltage Measurement

The most obvious signal conditioning circuit is a switched input attenuator which will allow d.c. voltages
greater than 200mV to be measured. To minimise time-consuming calibration procedures it should be
possible to calibrate the DVM on only one range and to rely on the precision of the attenuator resistors to
give accurate results on other ranges.

However, since the input resistance of the ZN450 is about 10 MR its loading effect on the attenuator
cannot be ignored. Fortunately this effect can be eliminated by designing an attenuator with a constant
output resistance so that the ZN450 sees the attenuator as a 199.9mV (full-scale) source with a constant
source resistance on all ranges.

Three suitable types of attenuator circuit are shown in figure 13, a ladder attenuator and two types of T
attenuator. The ladder attenuator has the advantage that the input resistance is fairly constant and only 3
resistor values are required, but the switching is somewhat complicated.
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IN450 IN450

<) 6456

Fi

g. 13— ATTENUATORS FOR MULTIRANGE VOLTMETER

The T attenuator of figure 13b has the advantage of simplicity, using only a single-pole switch, but the
resistor values are slightly odd. Furthermore the input resistance drops to about 5 MQ on the 200 mV range
since the attenuator appears in parallel with the ZN450's input resistance. This problem can be overcome
by using a two-pole switch so that the attenuator is disconnected on the 200 mV range as shown in figure
13c.

When designing signal conditioning circuits for use with the ZN450 care must be taken to ensure that the
input offset current does not cause errors. The offset current generates an error voltage log x Ro where Rg
is the output resistance of the attenuator. There are two components in the offset current; that due to the
ZNA450 itself, typically.100pA, and a component due to the mismatch of the 10MQ input resistors, typically
150pA per kQ mismatch. The offset current can be minimised by using well matched 10 MQ resistors, or
can be nulled out entirely using the circuit of figure 14.
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Fig. 14— OFFSET CURRENT NULLING CIRCUIT

Current Measurement

Measurement of d.c. current is also very simple. The current to be measured is allowed to flow through a
shunt resistor connected across the input terminals of the ZN450, the voltage measured being equal to the
product of the current and the shunt resistors.

Currents as low as 20 uA full-scale can be measured before the input resistance and offset current of the
ZN450 become significant.

For multi-range current measurement the preferred circuit is the so-called universal shunt, an example of
which is shown in figure 15.

INPUT + 20 uA

ZN4S0

INPUT- 1
o

7458

Fig. 15— MULTIRANGE AMMETER CIRCUIT USING UNIVERSAL SHUNT

Although the full-scale voltage drop of this circuit is 200 mV it is perfectly feasible to design an ammeter
with a smaller voltage drop by increasing the sensitivity of the ZN450. This has two advantages. Firstly, the
voltage loss in the ammeter is reduced, which can be useful when making measurements in low-voltage
circuits. Secondly, the power dissipation in the shunt resistors is reduced.

Example: 0.2
Measuring 20A full-scale with a 200 mV voltage drop the required shunt resistor will be :’7_6 =10mQ and

the full-scale power dissipation will be 4 watts. With a 20 mV drop the required resistor will be 1 mQ and the
power dissipation 400 mW.
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Transducer Bridge Circuits

The high sensitivity and true differential inputs of the ZN450 make it ideal for use with transducers,
particularly those which function best in a bridge configuration. The regulated 5V supply can also provide a
stable excitation voltage for passive transducers such as semiconductor pressure gauges, platinum
resistance thermometers and semiconductor temperature sensors.

Figure 16 shows a thermometer circuit using a silicon diode as the temperature sensor. The forward
voltage drop has a temperature coefficient of approximately —2mV/°C when the device is run at a
constant current. In the bridge circuit shown this gives an increase of about 1.28mV/°C at the + input of
the ZN450. The full-scale reading of the ZN450 is set to about 256 mV so that one digit corresponds to
0.1°C and the full-scale reading is 199.9°C.

The bridge configuration allows the forward voltage drop of the diode to be nulled out using P1 to give a
reading of 000.0 at 0°C, whilst P2 adjusts the full-scale range of the ZN450 to read 100.0 at 100°C.

33

L]
Rreg

VsuppLy

ZN4S0

ov

®OTHER REGULATOR CIRCUITS MAY
BE USED, SEE FIG.6 6459

Fig. 16 — DIGITAL THERMOMETER CIRCUIT

Common-Mode Performance

The ZN450 has true differential inputs with a common-mode range of 1.8 — 3.8 volts and good common-
mode rejection. However, if the full potential of the differential inputs is to be realised then care must be
taken when designing with the ZN450.

When open-circuit, the inputs of the ZN450 are biased at about 2.8 volts above supply common. If a
common-mode voltage other than this is applied to the inputs then care must be taken to ensure that any
impedances between the inputs and the common-mode voltage (attenuators, series resistors, etc.) are the
same for each input, otherwise the common-mode rejection will be impaired. This is illustrated in figure 17.
Balancing the input of impedances of differential inputs to ensure good common-mode rejection is, of
course, normal practice.

This is generally a problem only in systems where the voltage to be measured is referenced to the ZN450's
supply ground. In battery-powered applications no common-mode voltage exists between the measured
voltage and the inputs, since the supply voltage of the ZN450 is floating. However, care must be taken in
battery-powered systems to ensure good a.c. rejection.
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Fig. 17— (a) UNBALANCED INPUT RESISTANCES IMPAIR COMMON-MODE REJECTION.

(b) WITH BALANCED INPUT RESISTANCES COMMON-MODE VOLTAGE DOES NOT
CAUSE DIFFERENTIAL ERROR VOLTAGE.

If the voltage being measured has a large a.c. common-mode signal superimposed upon it then the supply
voltage of the ZN450 will normally float up and down with the a.c. component, thus keeping the inputs of
the ZN450 within their common-mode range. However, the resistance between the a.c. signal at the inputs
and the ZN450 supply rails is the 5MQ common-mode resistance of the ZN450 inputs. If significant stray
capacitance exists between the ZN450 supplies and ground (for example if the battery is close to an
earthed metal surface) then this can form a low pass filter with the common-mode input resistance with
the result that the ZN450 supply rails do not follow the a.c. common-mode voltage at the inputs. This is
shown in figure 18.

S~ REDUCED AC
SIGNAL DUE

FLTERING

I

-J._ STRAY
=~ CAPACITANCE
T

a) b)

Fig. 18— (a) BATTERY-POWERED ZN450 CONNECTED TO SIGNAL WITH LARGE
A.C. COMMON-MODE SIGNAL. (SUPPLY REGULATOR NOT SHOWN).

(b) EQUIVALENT A.C. CIRCUIT.
The problem can be overcome in one of two ways. The simpler method, shown in figure 19a, is to con-

nect a capacitor between input low and supply ground. This provides a low impedance a.c. path between
these two points so that the supply rails will track the a.c. common-mode voltage.
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The value of this capacitor should be several times greater than the maximum stray capacitance. On the
other hand, at switch-on it must charge up via the 10M input resistance of the ZN450, so it should not be
too large. A value of 22n is about the optimum.

An alternative solution is to mount the DVM in a screened enclosure, the screening being connected to
input LO. This has the effect of producing a stray capacitance between the ZN450 supply rails and screen.
However, since the screen is not at a fixed potential, but follows the common-mode signal, the effect of
this capacitance is bootstrapped out.

STRAY
CAPACIYANCE
[a¥]
- ——JCAFACITANCE
= --L- ——TO GROUND
T

a) = 6475

Fig. 19— TWO METHODS OF ENSURING A.C. REJECTION IN BATTERY-POWERED CIRCUITS.

A.C. Measurements

To measure a.c. voltage or current it is first necessary to convert it into a proportional d.c. voltage. The
simplest way to do this is to interpose a precision active rectifier circuit between the attenuator or shunt
and the inputs of the ZN450. Such a circuit produces d.c. voltage proportional to the mean of the rectified
voltage rather than a true R.M.S. result and for true R.M.S. measurements an R.M.S. converter must be
used. The rectifier can be calibrated to read R.M.S. but the result is true only if the input signals have a
constant form factor.

A simple precision rectifier circuit is shown in figure 20. It is completely a.c. coupled throughout by C2, C3
and C4, so the offset voltage of A1 does not appear at the output and no zero adjustment is required. To
prevent the offset voltage of A1 causing it to saturate in the absence of an input signal, 100% d.c.
feedback is provided by R3.

R1 and R2 provide a d.c. bias path for the non-inverting input of A1, whilst C2 provides bootstrapping to
increase the a.c. input impedance.

Amplifier A2 is a voltage follower biased into the middle of the ZN450's common-mode range to provide a
low impedance analogue common point. The output of the rectifier is connected to a lowpass filter
comprising R6 and C5. So that both inputs of the ZN450 see the same d.c. resistance R6 is placed in series
with the input LO terminal and is made equal to R4+ R5. This in no way affects the performance of the
filter. With the component values shown the circuit is calibrated to read R.M.S. for sinewave inputs, so the
use of this type of waveform will be assumed throughout.
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Fig. 20 — PRECISION RECTIFIER FOR A.C. MEASUREMENTS

The circuit functions as follows: when the input signal crosses zero in a positive going direction the output
of A1 slews positive until D2 conducts after which the voltage at point A is defined by the equation:

VA=GxV,N,whereG=B%R5
5

and since Re = R4+ Rs
R
G= _Re_
Rs— R4
and Ry = RG(G—g—l)

This voltage tends to charge up Cs in a positive direction via Rg. When the signal crosses zero in a negative
going direction the output of A1 slews negative until D1 conducts, after which the output voltage at point
B is equal to (minus) V,y. This voltage tends to charge up Cs in a negative direction via Rg and Ry.

Now, assuming the time constant Rg/Cs is long compared to the period of the input waveform, the voltage
on Cs will eventually reach equilibrium. When this is the case the mean current flowing into Cs during the
positive half cycle must equal that flowing out of Cs during the negative half cycle.

ie Vamean) —Ve - =Vamean +Ve
) Rg Re+ Ry
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Now the mean value of a rectified sinewave signal is 0.9 times the R.M.S. value therefore

Vamean) =0.9.G.Vinrms)

and Vemean) = — 0.9 Vinrms)
In order for the ZN450 to read correctly V¢ must equal Vgms therefore

VA =OgGVC
and VB =-0.9 Vc
therefore Vcl0.9G—1) _ 1.9V¢
R6 Rﬁ + R4
substituting for R4 and eliminating V¢
09G-1_ 1.9
R -1
6 R6+ R6 (GG )
imi 1.9G
| te R 0.9G-1=
eliminate Rg o

(0.9G-1)(2G-1)=1.9G
1.8G*-4.8G+1=0

Solving the above quadratic equation gives
G=2.439
or R4=0.59Rg

Rg =16
2.439

These equations allow the values of R4 and Rs to be calculated for any value of filter resistor Rg. With the
values shown the circuit is accurate to about + 1.5% over the frequency range 40 Hz to 1kHz.

Ordering Information

Type Number Package Operating Temperature Range
ZN450E Plastic 0°C to +70°C
ZN450CJ Ceramic 0°C to +70°C
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FERRANTI

ZN451E/CJ semiconductors

3% Digit DVM IC with External Auto-Zero ‘

FEATURES

External circuits may be included in the auto-zero loop
Full-scale reading 1.999mV or lower

Measures sum or difference of two inputs

Digital Auto-zero with guaranteed zero reading for OV input
True polarity at zero for null detection

True differential inputs

Direct drive of Liquid Crystal Display

On-chip clock and precision reference
Underrange/overrange indication

Low power consumption, less than 35mW

Wide supply voltage range, single supply rail

DESCRIPTION

The ZN451 is a complete digital voltmeter fabricated on a monolithic chip. A novel charge-balancing
conversion technique ensures good linearity. The auto-zero function is completely digital in operation,
thus obviating the need for a capacitor to store the error voltage. Output signals are provided to control
external auto-zero switches so that op-amps or other signal conditioning circuits can be included in
the auto-zero loop to boost input impedance and/or improve sensitivity to as low as 1.999mV full-scale.

This versatile I.C. can be used as the basis not only for digital voltmeters and multimeters but also
in other instruments such as thermometers and pressure gauges where its sensitivity allows interfacing
to low output transducers such as thermocouples and strain gauges.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage V¢ .. . .. .. .. —-05to +7 volts
Maximum Voltage, all other |nputs .. . .. —0.5t0 (Vcc+0.5) volts
Operating Temperature Range .. .. .. .. .. 0to +70°C

Storage Temperature Range .. « . .. .. —bbto +125°C

TO DISPLAY SEGMENTS AND BACKPLANE

30] PINS
1-3.20-29
LATCH 1.34,3840)
CLOCK RESET HOLD| ~ LATCH AND
OSCILLATOR'—‘H MAIN COUNTER LIQUID CRYSTAL
- DISPLAY DRIVERS
] RESET
PH1 O— J START/STOP! |
o [sion
PH2 O AUTO - ZERO OISPLAY
CcK
P> ROUNDING COUNTER 112 NG
UP LOGKC
} RESET
12
INPUT HI O- VOLTAGE [ ] DELTA- SIGMA VOLTAGE sy 2,
~CURRENT ENCODER [ REFERENCE] SHUNT O Yec
1 \
INPUT LOO- CONVERTER| _| (MODULATOR) REGULATOR
36
[T | | 12 ono
80 7J> 64 sd 46 37 30 13

Reer1 Reern Reer2CosmCoom VRer v Vier out REG OUT
N I
Crers S'OSLPE%AV 6575

Fig. 1 ZN451 System Diagram
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ELECTRICAL CHARACTERISTICS (Voo = +5V, Ty = +25°C unless otherwise specified)

Parameter Min. Typ. Max. Unit Conditions
Full-scale reading -1999 - + 1999
Zero reading -000.0| +000.0| +000.0| digital | V,y=0, Vgg=200mV
reading
Rollover error -2 0 +2 count -Vin=+V)y=£200mV
conversion time>0.5 sec.
Linearity -1 0 +1 count | Vgg=200mV
conversion time >0.5 sec,

Common mode range 1.8 - 3.8 volts
Common mode rejection - 120 - uVIV
Supply rejection - 100 - uVIV
Input offset current - 0.1 1 nA
Input resistance - 20 - MQ
Zero temperature coefficient - — 1 uVieC
Full-scale temperature Determined by tracking of ref. T.C.=0ppm/°C
coefficient external resistors .
Oscillator frequency range - - 300 kHz
Conversion time
(48000 oscillator periods) 0.25 - - seconds
VOLTAGE REFERENCE
Output voltage 1.26 1.3 1.35 volts
Temperature coefficient - + 50 +80 |ppm/°C
Knee current - - 150 nA
Maximum sink current 1 2 - mA
SUPPLY VOLTAGE
(a) Direct 4.5 5 5.5 volts
(b) Using on-chip shunt

regulator 6.0 - - volts
(c) Using external NPN

transistor 6.5 - - volts
(d) Using two transistor

regulator 5.5 - - volts
Supply current - 4 6.5 mA
SHUNT REGULATOR
Output voltage 4.5 5 5.5 volts
Sink current - - 15 mA
DISPLAY OUTPUTS
Peak voltage - +Vee -
D.C. component - - + 25 mV
Backplane frequency - 1 - oscillator

2000 frequency
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GENERAL DESCRIPTION

The ZN451 utilises a charge-balancing conversion principle, which offers a number of advantages
over the more common dual-slope integration method.

These include a fixed conversion time which is independent of the analogue input voltage,
completely digital auto-zero and inherently bipolar operation. Linearity is also extremely good over
the entire input voltage range, unlike some dual-slope designs where stray capacitance can cause
problems around zero.

The auto-zero loop of the ZN451 is external to the device so that op-amps and other signal-
conditioning circuits can be included within it and thus have their zero errors removed.

The conversion time of the ZN451 is divided into two periods, Phase 1 and Phase 2, unlike the
dual-slope system which has three distinct phases, signal integrate, reference integration and
auto-zero.

The heart of the ZN451 is the delta-sigma encoder, a simplified circuit of which is shown in fig. 2.

O— -0
FAST COMPARATOR
.
IN+
O— —
EXTERNAL EXTERNAL
INPUT SIGNAL

IN- SWITCHES ICONDITIONING

Vier in
(137

6576

Fig. 2 Input Switching and Delta-sigma Encoder

The delta-sigma encoder of the ZN451 consists of a voltage-current converter comprising T4 and
T,, a reference generator A1/T5 and a feedback loop containing a fast comparator, D-type flip-
flop and current switches T3 and T,4. These can switch a current Iggr = Vger into the collector
circuit of either Ty or T,, depending on the state of the flip-flop.

RRrer2

The polarity of the voltage across capacitor Cpgy is monitored by the comparator, whose output
is sampled on every clock pulse by the flip-flop. The outputs of the flip-flop switch Iggr into the
collector circuit of either Ty or T, so as to oppose the existing voltage on Cpgy i.e. to maintain
the average charge acquired by Dpgy at zero, thus keeping the circuit in equilibrium.

Assuming perfect symmetry in the circuit, with zero volts applied between the bases of T4 and
T, their collector currents will be equal, and the only charge acquired by Cpgym will be that put
on it by Iggr. The flip-flop will thus change state on every clock pulse so that Cpgy will alternately
acquire charge quanta of +IgeeTc and — IggrTe (where T is the clock period) and the nett charge
acquired will be zero. The output of the flip-flop will thus be a square-wave with a 50% duty cycle.
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During the measurement the voltage to be measured is applied between the bases of Ty and T,
and is converted into a current = V,y flowing in Rgeey. This produces a different current

Rrer
21,y in the collector currents of T, and T, so that the charge acquired by Cpgwm is no longer equal
and opposite ( + Iggr) but is now (Iggr — 21 n) Tc when T4 is turned on and ( — Irgr — 21n) Te when
T3 is turned on.

In order to maintain equilibrium the flip-flop will now no longer change state on every clock pulse
but will remain in one state for a longer period than it remains in the opposite state. i.e.
N Tcllrer = 21N+ (N= N Tel(—lrer = 2118) =0

where N, is the number of clock pulses for which the flip-flop Q outputis a ‘1" and N is the total
number of clock pulses over which the measurement is made and assuming N is so large that
quantising error can be ignored.

Thus Ny (lger — 2150 = (N = Ny lrgr + 211
And 2N; =N = 21l i.e. Ny =N = Nljy = NV|\Rger2
N Irer 2 lger  Rrer1 Veer

In other words, if a counter is allowed to count N; and N is subtracted from it (by initially pre-
2

setting the counter to — N then the result is directly proportional to Vin, assuming N, Vggeq and
2

Rgero are fixed. With zero input voltage the DSM duty-cycle should be 50%, Ny should equal N

2

and the accumulated count should be zero. In practice, of course, this will not be the case due
to offsets and component mismatching in the DSM. Fortunately, an interesting property of the
DSM allows the zero error to be removed digitally.

If the DSM output is taken from the Q output of the flip-flop instead of the Q output then the

number of pulses counted over a period of N clock pulses will be not Ny but N-N4. Thus, if the

counter is preset to —N instead of —N the number accumulated in the counter after N clock
2

pulses will be —Nj. In other words, taking the Q output of the DSM and presetting the counter

to — N gives a result proportional to minus the input voltage. This is what occurs during phase 1.

Clearly, if the input voltage is the same during phase 1 and phase 2 the counter will accumulate
a count of — N, during phase 1 and add a further Ny pulses during phase 2, giving a total count
of zero. If the input voltage is zero during both phases the system will measure minus the zero
error during phase 1 and plus the zero error during phase 2, thus giving an automatic zero reading.

Obviously when measuring an actual input voltage the DSM must not see the same voltage during
both phases, otherwise a zero reading will always result whatever the input. The input voltage
must thus be switched, and this can be achieved in two ways. Most obvious is to disconnect the
input voltage during phase 1 and connect it during phase 2, so that the result is proportional to
—Vps + (Vos+ Vin = Vn. Alternatively the polarity of the input voltage can be reversed during
phase 1 so that the result is proportional to ~ (Vog—Viy) + (Vos+Vin) = 2Vin. This of course
means that the component values must be calculated for twice the required full-scale reading,
i.e. for 200mV full-scale the components would be calculated for 400mV. This can be achieved
simply by doubling the value Rgge;.

The second method has advantages where a large input overload margin is required before the
DSM saturates. This occurs when its duty-cycle is 0% or 100%, i.e. when Iy = + Iggr and Ny =zero
or N. (N=5000 in the ZN451). 2

Overrange occurs at a reading of +2000. The duty-cycle of the DSM at this point depends on
the input switching method used.

Whatever method is used, with zero input voltage the counter will count 2500 clock pulses during
phase 1 and 2500 during phase 2 to give a reading of zero (assuming negligible zero-error). Using
the first input switching method the signal is measured only during phase 2, so an additional 2000
clock pulses must be counted during phase 2, i.e. a total of 4500 clock pulses must be counted
during phase 2.
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Substituting in Iy = (N; — N)Iger to find the required value of liy for overrange Iy =0.4 x IggeFS.
2
N
The overload margin before the DSM saturates is thus 1 lgge or 26% of full-scale.
10

Using the second input switching method the input signal is measured during both phases, so for
a full-scale reading an additional 1000 clock pulses will be counted due to the input voltage in
each phase, giving a clock total of 3500 clock pulses in each phase.

Therefore substituting |y = (N; — N)Iggr to find the required Iy for overrange.
2
N
In =0.2 Iggr.

The overload margin before the DSM saturates is thus 0.3 Ipgr or 150% of full-scale. i.e. input
switching method (b) gives six times the overload margin of method (a).

Input switching method (b) has several other interesting properties, some of which can usefully

be exploited.
oVec +5V
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Fig. 3

Fig. 3 shows the simplest possible configuration using an op-amp as a voltage follower to boost
the input resistance. Suppose this is a J-FET op-amp with an input current of around 100pA.
Suppose a 10M resistor is connected between input + and input - . The input current of the op-amp
will generate a voltage of 1mV across this resistor. However, this will not cause a zero error since
the direction of current flow, and hence the polarity of the voltage, is the same during phase 1
and phase 2.

Therefore, using switching method (b), high resistance sources will not cause zero errors, subject
to the proviso that the error voltage does not cause saturation of the DSM.
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The two measurement phases of the ZN451 can also be used to perform other functions. By
re-configuring the input switches to measure one input voltage during phase 1 and a second input
voltage during phase 2 it is possible to measure the sum or difference of the two voltages,
depending on their relative polarity. This is shown in fig. 4.

S1-54 = 4066
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ZN451
—[S4
—O—LtL N o
5K6
L
DIGITAL READING o< V, — Vg 576

Fig. 4

TIMING DIAGRAM

The value of N chosen for the ZN451 is 5000, so each phase of the measurement should take
5000 clock pulses, a total of 10,000 for the whole measurement. However, the display counter
of the ZN451 is preceded by a divide-by-four counter which performs several functions.

Firstly it provides two guard bits so that quantising errors between phase 1 and phase 2
measurements do not give rise to spurious zero errors of + 1, but are confined to the (non-displayed)
guard bits.

Secondly, it provides information to the polarity and rounding up logic, which drives the — sign.
The divide-by-four stage means that the display counter sees only one-quarter of the pulses from
the DSM and each phase must thus run for 20,000 clock pulses. Furthermore, each measurement
phase is separated by a pause of 4000 clock periods to allow the input switches to settle. One
measurement cycle thus takes a total of 48,000 clock periods.
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Fig. 5 is a timing diagram of the ZN451 which clearly shows the two measurement phases and
the operation of the DSM. Two control signals PH; and PH, indicate which measurement phase
is active. These outputs are CMOS compatible and can be used directly to drive input switches

such as the 4066.

| l | L
] | | [
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| | | | |
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|4000| 20,000 CLOCK PERIODS JAOOO‘ 20.000 CLOCK PERIODS l1.000| 20,000 CLOCK PERIODS 'LOOOl
CLOCK CLOCK CLOCK CLOCK

PERIODS F:ERIOD‘S PERIODS PERIOqS

i i
4 sTaRT counTER FOR 4 sTaRT COUNTER FOR
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DISPLAY LATCH

STOP DISPLAY COUNTER
DISABLE ANALOGUE
INPUTS
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WAVEFORM (s
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OUTPUT OF D-TYPE
FLIP-FLOP

6579

Fig. 5 Timing Diagram of ZN451
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REFERENCE LOOP AND SUPPLY REGULATOR
The reference current defining loop is shown in more detail in fig. 6.

REGULATOR OUTPUT Vee

{32

DISPLAY
HOLD

Fig. 6 Reference Current Loop and Supply Regulator

A reference input voltage applied to the non-inverting input of A; causes the output of A to bias
Ty such that the inverting input of A; assumes the same potential and a current Vgge |y flows

RRerz
in Ruera. By making the input bias current of A, the same as the base current of Tg this base
current flows into the inverting input of A, instead of through Rggry. The reterence current
flowing in the collector of Tg is therefore almost identical to the current flowing in Rgggp. The
reference loop is stabilised by Crgrp and Rgpers.

A highly stable on-chip bandgap reference of approximately 1.28V is provided and this may be
used by inking Vgge gyt to VRer in When the reference will be biased on by the 150pA current
source connected to the non-inverting input of A;. The on-chip reference is stabilised by Cgge.
The on-chip reference also provides the reference voltage for the on-chip supply regulator A;. This
compares Vgge against Ve and controls Ve with transistor Tg such that the two are kept

4
equal, i.e. Vo =5V. The supply regulator can be configured as a shunt or series regulator using
only a few external components. If Vger oyt is not connected to Vggr iy but supply regulation is
still required then the on-chip reference must be biased on by a 22k resistor to V.

SUPPLY VOLTAGE OPTIONS

The ZN451 is designed to be extremely flexible with regard to supply voltage and four power supply
options are possible allowing operation over a wide range of supply voltages. These options are
illustrated in fig. 7.

The first option is to ignore the on-chip regulator and to connect an externally stabilised voltage
of 4.5 to 5.5V direct to pin 32, for example a 5V logic supply.

For supply voltages greater than 6V the on-chip shunt regulator (pin 33) may be used by linking
pins 32 and 33. When using the shunt regulator an external resistor must be placed in series with

the supply to limit the regulator current as shown in fig. 7b. The value of this resistor is given by:
R= Vsupply 5 volts (kQ— ) which allows for the maximum 6.5mA current consumption of the

6.5 mA

1.C.
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If the supply voltage is unstabilised then R should be calculated using the minimum supply voltage
that will be encountered. The current drawn by this configuration increases with supply voltage
as the shunt regulator sinks more current in order to maintain V¢ at 5V. The maximum allowable
supply voltage is thus determined by the 15mA maximum rating of the shunt regulator, assuming
very little current is drawn by the DVM circuitry, i.e.

Viax = 15(mA) x R(kQ)+5 volts
=(3Vhin — 10) volts

45-55V 4, 3
32
2u
36 Tae
= ‘
) 5v SUPPLY b) USING ON-CHIP SHUNT c)USING EXTERNAL NPN
REGULATOR TRANSISTOR
*6k8
2
e . Vee
T 10k
| =E 22p INLS)
I
. 1
- 100k
I
REG OUT
770k 33
680k
. 35{CGND
®START-UP RESISTOR So{BAcKkPLANE
R(k) > Vourr paan)™5 - p - = Bl .
|
TmA ! E >——= 10 'BAT LO' PIN
! OF DISPLAY :
| cMos EXoR \
L_GATE eglusor0 J
d) SUPPLY REGULATOR WITH LOW
BATTERY INDICATION 6448

Fig. 7 Supply Voltage Options

Since the current drawn by the shunt regulator increases with supply voltage this configuration
is not recommended for battery operation where long battery life is a prime criterion, as the
current drawn from a new battery could be up to 2.3 times the maximum current consumption
of the DVM.

For battery operation a series regulator circuit is recommended which can be constructed using
one or two external transistors controlled by pin 33. The simplest series regulator, shown in fig.
7c, uses a single NPN transistor and allows operation down to about 6.5V. Current consumption
of this circuit is the normal current consumption of the DVM plus the base current of the transistor.

The base resistor must be chosen such that it can supply sufficient base drive when the supply
voltage is a mimimum assuming

(a) Maximum DVM current of 6.5mA

(b) Maximum shunt regulator voltage of 5.5V

(c) Minimum gain of the transistor
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Now base current I, (mA) =V i — Vieg — VpeT1

Rb
required base current =6.5mA
hfe (min)
Therefore R (kQ) =(Vmin— Vieg = VbeT1) X hte
6.5
= (Vmin - 6)x hfe
6.5

Example. The circuit is to operate down to 6.5V with a transistor type whose minimum gain is 80
R,=(6.5-6)x 80
6.5
=6.1k
Nearest value of 5k6 is used.

Although a great improvement on the shunt regulator, the circuit of fig. 7c still does not achieve
maximum battery life since V., must always exceed the regulator voltage by Vper1 plus the
voltage drop across Ry.

For the ultimate in battery life the circuit of fig. 7d is suggested. This allows operation down to
voltages as low as V .+ Vcgsant1 @and, as an added bonus, it automatically detects the end of
useful battery life, i.e. the point at which the regulator ceases to funtion.

T, is a PNP series regulator transistor controlled by pin 33 via T,, which provides the required
signal inversion. During normal operation the voltage drop across R; is small since the base
current required by T, is only a few hundred nanoamps, and the voltage at pin 33 is not much
above the Vi, of T, (about 0.6V).

When the battery voltage drops to V o4+ Vcg(sayT1 the voltage at the non-inverting input of the
regulator amplifier will fall below Vger and the shunt regulator output transistor will turn off causing
the voltage at pin 33 to rise to about 80% of supply.

Pin 33 can conveniently be connected to a low battery indicator consisting of a CMOS EXOR gate,
as shown in the dotted box. When pin 33 is low the output of the EXOR gate will be in phase
with the backplane and the LO BAT indicator will be extinguished. When pin 33 is high the output
will be out of phase with the backplane and LO BAT will be visible.

OSCILLATOR OPTIONS

The on-chip oscillator of the ZN451 may be used with various configurations of external
components, as show in fig. 8. It will operate with only an external capacitor, which may be
fixed, or variable to adjust the oscillator frequency. Alternatively the frequency may be adjusted
by placing a variable resistor in series with the capacitor. Graphs of oscillator frequency versus
capacitor and resistor values are given in fig. 9. If absolute accuracy of the oscillator frequency
is required then a crystal or ceramic resonator may be used as the frequency determining element.
By making the integration time a whole number of mains cycles a degree of mains interference
rejection can be provided. For example a 100kHz crystal gives an integration time of 200ms which
is 10 cycles at 50Hz mains frequency or 12 cycles at 60Hz, the total measurement interval being
480ms or just over two conversions/second.

If mains interference is superimposed on the input signal it is important that its peak amplitude
should not be large enough to cause saturation of the DSM. If this is not the case then the ZN451
should be preceded by a lowpass filter to give additional mains rejection.

The final option is to overdrive the oscillator input from a TTL or CMOS gate, as shown in fig. 8d.
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In order to maintain an adequate drive to the comparator the value of Cpgy must also be changed
in proportion to the oscillator period. A table of suitable values is given below.

Oscillator frequency Cosm
(kHz) Min. Max.
50 200n 2u
100 100n |y
150 68n 680n
30 ESC 30—

36

lono T

a) FIXED/ VARIABLE CAPACITOR b) FIXED CAPACITOR + VARIABLE

RESISTOR
L]
10k
30— 30
T
| o—]
36
L |
Cx = RECOMMENDED CRYSTAL
LOAD CAPACITANCE
c¢) CRYSTAL d) EXTERNAL TTL OR CMOS DRIVE
e USE PULL-UP WITH TTL GATES
ONLY S1ie

Fig. 8 Oscillator Options

f(kHz)

1 (kHz)
1000 1000
C=68pF
N — — C=100pF
ey
s — C=150pF
p—
N\ - —T 1 L Jc-200¢
I ey | s
100 N 100 — ~
C=330pF
N
C=470pF
C =680pF
m———
C=1000pF
\ et ]
o
10 10
10 100 1000 o 1 2 3 4 5 6 7 8 9 10
Cosc (PF)—» Rrpm (ka)—

G50

Fig. 9 Oscillator Frequency vs External Capacitor and Resistor
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RANGE OUTPUT

To simplify the design of auto-ranging instruments, underrange and overrange detection circuits
are provided in the ZN451. Overrange is indicated when the count exceeds 19399, whilst under-
range is indicated for counts less than 150. This provides a degree of hysteresis to prevent the
instrument jittering between ranges, which could occur if underrange was indicated at a count
of 199 and there was a mismatch in the attenuators or other signal conditioning circuits.

Because the pins of the ZN451 are fully utilised it is not possible to provide separate underrange
and overrange pins, so a single three-state output is provided.

If the measurement is in range then pin 19 will be at Voc +0.5V with a source resistance of
approx. 40k. N

For an overrange measurement pin 19 will go HIGH for 1000 clock pulses synchronous with the
data store pulse at the end of the measurement. For an underrange measurement pin 19 will pulse
LOW in a similar manner. In each case the output resistance is approx. 80k.

The range output can be fully decoded using a dual comparator, as shown in fig. 10.

A visual overrange indication is also provided. In this condition the leading digit of the display shows
a ‘1’ whilst all other digits are blanked.

l OVERRANGE
19
UNDERRANGE
6451

Range Output Output A Output B
Underrange (GND) 0 n
In Range (2 Vc) 0 0
Overrange (V¢c) n 0

Fig. 10 Decoding the Range Output
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DISPLAY HOLD

The reference input, pin 37, also doubles as a display hold pin. If this pin is grounded then the
display will continue to show the results of the last valid measurement until pin 37 is released.
Display hold also resets the system counters and a new measurement begins immediately display
hold is released. The method of activating display hold depends on whether or not the on-chip
reference and shunt regulator are being utilised.

If an external reference voltage is used (pins 35 and 37 not joined) then display hold can be
activated by grounding pin 37 with a single-pole switch, transistor or open-collector logic gate,
provided that the external reference is not required to supply other circuits. If the on-chip regulator
is to be used then pin 35 must, of course, be biased up with an external 22k resistor so that Vger
can supply the reference voltage for the regulator. If the on-chip reference is used but the on-chip
regulator is not then display hold can be activated in a similar manner by grounding the junctior
of pin 35 and pin 37.

However, since the on-chip reference also provides the reference voltage for the on-chip regulator
pin 35 must not be grounded if the regulator is in use or the supply voltage will drop to zero. If
the on-chip reference and shunt regulator are both used then pin 37 must be disconnected from
pin 35 before it is grounded to activate display hold. This is illustrated in fig. 11. As pin 37
normally supplies the bias current for the on-chip reference this must be provided by an external
22k resistor when these pins are not linked.

— —

EXT 37] v, . EXT 37] Veer N
REF REF N REF

1.36] ono L]

vV, 22k
35| Veer our Coc_D.i VReF out
a) EXTERNAL Vrer, SUPPLY REGULATOR b) EXTERNAL Vger, SUPPLY
NOT USED REGULATOR USED
J 37 Vrer n 37[Veer n
1 361 6ND T 38 6ND
\/ 22k
cc
135 Veer our 35! Veer our
c) INTERNAL V, S.lFPLV REGULATOR d) INTERNAL V, SUPPLY
REF, REF,
NOT USED REGULATOR USED Gaa

Fig. 11 Display Hold Options

BACKPLANE OUTPUT

The backplane output normally supplies a squarewave of the same frequency as, but 180° out
of phase with, the active segment outputs. This provides the necessary a.c. drive to the L.C. display.
By grounding the backplane output the a.c. drive to the segments may be inhibited and the
segment outputs become normal active low (TRUE=0) outputs. This facility is useful if the
output data is to be used for some purpose other than display driving. An L.C. display should not
be connected to the ZN451 in this condition as d.c. drive will eventually damage it.
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DECIMAL POINT DRIVE

The ZN451 provides all the output necessary to drive the segments of a 3%z digit liquid crystal
display. However, in order to drive decimal points and annunciators such as low battery indicators,
some external components are required. To turn on a decimal point it is necessary to provide it
with a drive signal of the same frequency as, but 180° out of phase with, the backplane output.
For driving a single, fixed decimal point, the simple inverter circuit of figure 12a can be used.

If more than one decimal point is to be selected then it is necessary for the unused decimal points
to be switched off by arranging their drive waveforms to be in phase with the backplane output.
This is simply achieved using exclusive OR gates as shown in figure 12b.

;

Vee

™

TO DECIMAL POINT
PIN OF DISPLAY

nes ep— ZVN1304A

Fig. 12a Driving a Fixed Decimal Point

L o
Vee
B8PS ‘)D——- LH OP
7
. )
DECIMAL CTR. OP
POINT 7
SELECT )
> ——t—— RH DP
ot 7)
FROM
LO BAT
DETECTOR )D__ L0 BaT

GND 4070
36 IVSS

*L0GIC 1 = ON
LOGK 0 = OFF

t SEE ALSO FI16.7

INGSY

678

Fig. 12b Decimal Point Select and 'LO BAT’ Indicator Drive
using Exclusive OR Gates

A logic ‘1’ on the input causes the output waveform to be out of phase with the backplane and
the appropriate decimal point is activated. Conversely a logic ‘0O’ causes the output to be in phase
with the backplane. A single 4070 CMOS quad-EXOR gate |.C. will provide the drive for the three
decimal points of a 3% digit liquid crystal display plus the drive to a low battery indicator. A suitable
low battery detection circuit is shown in fig. 7d.
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CALCULATION OF FULL-SCALE RANGE

The component values for any full-scale range depend on the input switching method used.
Using method (a) the input voltage is measured only during phase 2, so the equation

NVINRREFZ = N1 —E holds.
VRerRRer 2
Since N =5000 and full-scale reading= + 1999 this equation can be rewritten as
Vi (full-scale) = + 1999 VgerRgers
5000 Rgers
+0.4 VeerRpert

Rrer2
from which required values of Rgery and Rgego can be calculated for any required full-scale input
voltage, using either the internal reference of 1.3V or an external reference.
Using input switching method (b) the input voltage is measured during both phases so the displayed
count is twice as large for the same input voltage and component values.
The describing equation thus becomes
V) (full scale)= +0.2 VgerRRpers

RREFZ

Using input switching method (b) the same full-scale range as method (a) can be obtained if the
value of Rgggq is doubled or the input signal is attenuated by a factor of two.

These equations are in fact not exact since they do not take account of the reference amplifier
offset voltage, which is typically + 5mV. This offset means that Izgf is not precisely Vger . re of

Rrer2

T, and T, in the voltage-current converter also appears in series with Rggro (typically 5k). In
practice this is not a problem since the tolerance of the on-chip reference means that a calibration
adjustment must be provided anyway. Using the on-chip reference voltage of 1.26-1.35 volts the
recommended component values for a full-scale reading of 199.9mV would be Rggr; =200k or
400k, Rggrp =500k (min.), 520k (max.). Allowing for the use of 2% tolerance components for
Rrerq1 and Rpepp an adequate adjustment range for calibration purposes will be provided if Rggr2
is made up of a 470k resistor in series with a 100k multiturn trimmer. Full-scale ranges less than
200mV can be accommodated by reducing the value of Rggry, thus producing the same full-scale
input current for a smaller input voltage. The limitations on the minimum value of Rggrq are
caused by non-linearity in the voltage-current converter, offsets in the auto-zero switches, and
the fact that r, becomes a much larger proportion of Rgery. These factors place a practical limit
of about 20k on Rgery. As Rpery is reduced, the gain temperature coefficient will also tend to
increase.

Similarly full-scale ranges greater than +200mV can be accommodated by increasing the value
of Rgepy. The maximum input voltage that can be applied is limited by the common-mode range
of the differential inputs.

The full-scale range can also be adjusted by varying Rgegro which determines the reference
current, and indeed placing a preset in series with Rggrs is the recommended method of calibration.

Irer can also be varied by using an adjustable external reference voltage instead of the internal
reference, which makes ratiometric operation possible.

The maximum value of Ige is limited to about 3uA since above this value the voltage-current
converter becomes non-linear. The minimum value of Iggr is not quite so well defined as it is
determined by deterioration in the performance of current switches T3 and T4 at low collector
currents. The minimum useable value of Iggr is typically 500nA. This means that the upper and
lower limits are Vgge and VRer respectively. The upper and lower limits on Vgege itself are
500nA 3uA

determined by the common-mode range of the reference current amplifier A; whichis 1 to 1.5V.
Radiometric operation with a variable Vgee within these limits is possible provided that the upper
or lower limit of Izer is not exceeded.
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PRACTICAL APPLICATIONS AND DESIGN PRECAUTIONS

Since the input switching of the ZN451 is external to the device it is possible to include op-amps
and other signal conditioning circuits within the auto-zero loop and thus eliminate their zero errors.

The two methods of input switching are shown in figs. 13a and 13b. In fig. 13a a series switch
and shunt switch disconnect the input signal during phase 1. In fig. 13b a switch bridge reverses
the polarity of the input signal during phase 1.

. Vet 5V
) R1| [4K7
S1,52 =12 4066 10 T
PH2
51 S
IN+ +
12
TLOS ’ IN HI
ZN45
2 90K
—{
10K
IN=O : " WiN Lo
Rr2| |ske
el
5585
Fig. 13a
~C +5V
S1-S4 L0686
PH2
PH1
IN + 0—
IN HI
INLSY
IN - o—| — N w
L 5k6
— === 0V

Fig. 13b
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Two practical circuits for 20mV full-scale DVM are given in figs. 13a and 13b. In the circuit of
fig. 13b note that the gain of the op-amp is 5 since the effective full-scale sensitivity of the ZN451
is 100mV, whereas in fig. 13a it is 200mV. The same result could be achieved by making the
op-amp gain 10 in both cases but doubling the value of Rggrq in fig. 13b.

These simple circuits can be used to illustrate some design precautions that must be observed
when using the ZN451.

1) The output voltage of the signal conditioning circuits should be within the common-mode range
of the ZN451.

2) The common-mode and differential input voltages must be within the input range of the switches
and signal conditioning circuits.

These two criteria are met in figs. 13a and 13b by providing an analogue common point at
approximately + 2.5V by means of R; and R,. Assuming battery cperation of the ZN451 this
analogue common point will float up and down with the common mode voltage of the input signal
thus keeping the input voltage within the common-mode range of ZN451 and the input circuits.
3) The offset error at the input of the ZN451, when added to the full-scale input voltage, must
not cause saturation of the DSM. Using input switching method (b) this means that the zero error
can be 150% of the full-scale range of the DVM.

When designing signal conditioning circuits care must be taken to ensure that this limit is not
exceeded.

In many circuits the principal source of zero error will be the offset voltage of the op-amp, in which
case a good rule of thumb is that the input offset voltage should not exceed the full-scale input
voltage, to allow some overload margin to be retained.

However, in some signal conditioning circuits there may be sources of zero error other than the
op-amp, in which case care must be taken to meet the offset criteria at the ZN451 inputs. An
example of such a circuit is given in fig. 15.

Using low-cost monolithic op-amps it is a simple matter to design for full-scale inputs of + 20mV
or less. For inputs below 2mV more expensive instrumentation amplifiers must be used.
Alternatively the offset can be nulled out when calibrating the DVM, leaving the auto-zero to cope
with long-term and temperature drift of the zero.

4) There should be no rapid temperature fluctuations in the signal conditioning circuits as this could
cause the zero error to vary from phase 1 to phase 2.

Example, with full-scale input of 1.999mV and an op-amp with an offset tempco of 10uV/°C a
0.1°C change in temperature between phase 1 and phase 2 will cause a zero error of 1V = 1 count.

This is likely to be a problem only with very small full-scale ranges. It can be reduced by thermally
insulating the signal conditioning circuits or by plotting them to increase the thermal inertia so
that the temperature can only change slowly.

5) With very small input voltages thermal e.m.f.’s may become a problem. In this case care should
be taken to ensure that the input + and input — signal paths to the signa! conditioning circuits are
identical so that thermal e.m.f.’s cancel out. Such precautions may include the use of identical
input switches in series with both the input + and input — leads.

Although fig. 13b shows the simplest way of implementing input switching method (b), using only
one op-amp, this configuration may have disadvantages in some applications, since the input LO
terminal of the ZN451 is tied permanently to analogue common, whilst the input voltage is reversed.
This means that the supply rails of the ZN451 shift up and down with respect to the input signal
common. This is generally not a problem in battery-powered circuits unless the signal source
impedance is very high, when charging and discharging of stray capacitance may cause errors.

Fig. 14 shows a circuit in which the signal OV is connected to a fixed analogue common whilst
the inputs of the ZN451 are reversed. In order that the input impedanced seen by the signal is
the same during both measurement phases both inputs of the ZN451 are driven from identical
op-amp circuits. These are shown as voltage followers but can be given greater than unity gain
by adding the dotted components.
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-0 +5V
S1-S4 = 4066
10/pH;
4K7
S pH1
IN+ O —£
@51 @53 12
ZNLS1
Vi
n
s2 " IN L0
IN-O——4
]i]sxe Vo = Y (1*2?91)
1
o OV
Fig. 14 580

In some systems it may be necessary for analogue common to be the OV supply rail or some other
voltage not within the common-mode range of the ZN451.

This can be achieved by offsetting the output voltage of the signal-conditioning circuits to bring
it within the common-mode range of the ZN451. Also if the input voltage falls outside the V¢
and OV rails of the ZN451 the supply voltage to the analogue switches must be such that they
can accommodate the signal, and the PH; and PH; outputs of the ZN451 must be level-shifted
in order to control the switches. An example of such a circuit is shown in fig. 15. Thisisa + 200mV
DVM operating from + 5V with the OV rail as analogue common.

-0 + 5V
S1-S4 = 4066
00K
s1 S3 oo 12 o
N PH1
TLO9Y - 120 Wi
100K = 56K NS
+
71091 ’ N0
s2 Sk B
. 100K 56K
[ I —o OV

100K g‘OOK
—o-5v

€58

Fig. 15
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The ZN451 operates from the + 5V and OV rails whilst the input switches and op-amps operate
from +5V. Two PNP transistors convert the O to + 5V swing of the PH; and PH, outputs to a
+ 5V swing. Since they also invert the outputs the PH; and PH, outputs are transposed.

The two op-amps are connected in a non-inverting configuration but with the feed-back network
returned to — 5V instead of OV. By making the op-amp gain 1.56 this gives an offset of approx.
+ 2.8V with a OV input which brings the output within the common-mode range of the ZN451.

Since the op-amp gain is 1.56 the values of Rggr; and Rggra must be chosen for +312mV full-
scale to give a full-scale input range of +200mV.

In this circuit there are two sources of zero error for which the ZN451 must compensate: firstly
the offset voltages of the two op-amps multiplied by their gain; secondly and more significant
the difference in the quiescent op-amp output voltages caused by gain mismatching between the
two op-amps.
+ {6 x (max. gain A; - min. gain Aj)]
=J_r[5x (98+57—102+55- }

98 102

= +212mV
This is 68% of the full-scale input range of the ZN451, which is acceptable.

ADDITIONAL INPUT CONDITIONING

For use in a multirange instrument such as a DVM, additional signal conditioning circuits will be
required for the measuring of a.c. and d.c. voltages, a.c. and d.c. current, and resistance. Some
suggested circuits are shown on the following pages.

F1 100mA
IN+ ©0 20mV
400V MAX
SM
200mv
TRANSIENT 900K
SUPPRESSOR
425V yal
™M
{ OIN +
2KV O}——
- ZN4S0
2 ¥ iow teakace
DIODE PAIR
COMO}— OIN —

6582

Fig. 16

Fig. 16 shows an input attenuator for the measurement of voltages from 20mV to 2kV. This has
a standard input resistance of 10M.
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ZN4S0
LOW LEAKAGE
DIODE PAIR

OIN LO
6583

Fig. 17

Fig. 17 shows a universal shunt for the measurement of currents from 20xA to 20A with a full-
scale voltage drop of +20mV.

Resistance can be measured by passing a known, constant current through an unknown resistor
and measuring the voltage drop across it.

An ohmmeter circuit is given in fig. 18.

+5v
azx[] 3K ] A2
+
. .
IN+O N Al
NG5
IN-O Iq_:?'l |+ TL091
a3 N LO
ZVNO104A -
100»([
2002K 20K 200K 2M 20M
Ry R3 Re] Rs| R
<[] x|
g3
ov

6584

Fig. 18
Op-amp A; and Mosfet T, form a constant current sink whose output current is defined by
resistors R1-Rg and a reference voltage derived from the stabilised + 5V rail.

Op-amp A, provides a low impedance analogue common point which can source the current from
the + 5V rail without its voltage changing. The maximum full-scale voltage drop across the resistor

under test is 200mV.
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A.C. MEASUREMENTS

To measure a.c. voltage or current it is first necessary to convert it into a proportional d.c. voltage.
The simplest way to do this is to interpose a precision active rectifier circuit between the attenuator
or shunt and the inputs of the ZN451. Such a circuit produces d.c. voltage proportional to the
mean of the rectifier voltage rather than a true R.M.S. result and for true R.M.S. measurements
an R.M.S. converter must be used. The rectifier can be calibrated to read R.M.S. but the result
is true only if the input signals have a constant form factor.

A simple precision rectifier circuit is shown in fig. 19. It is completely a.c. coupled throughout
by C,, C3 and C4, so the offset voltage of A, does not appear at the output and no zero
adjustment is required. To prevent the offset voltage of A; causing it to saturate in the absence
of an input signal, 100% d.c. feedback is provided by Rj.

R, and R, provide a d.c. bias path for the non-inverting input of A, whilst C, provides boot-
strapping to increase the a.c. input impedance.

Amplifier A, is a voltage follower biased into the middle of the ZN451’s common-mode range to
provide a low impedance analogue common point. The output of the rectifier is connected to a
lowpass filter comprising Rg and Cs. These components are chosen to give a time constant of
300ms which allows input frequencies down to 40Hz whilst maintaining an acceptably short
response time.

With the component values shown the circuit is calibrated to read R.M.S. for sine-wave input,
so the use of this waveform will be assumed throughout.

The circuit functions as follows: when the input signal crosses zero in a positive going direction
the output of A, slews positive until D, conducts, after which the voltage at point A is defined
by the equation: V4, =G V|y, where G is the gain defined by R, and Rg shunted by Rj.

This voltage attempts to charge up Cg via Rg in a positive direction.

When the signal crosses zero in a negative-going direction the output of A; slews negative until
D, conducts, after which the output voltage at point B is equal to (minus) V)y. This voltage
attempts to charge up Cg in a negative direction via R4 and Rg.

When the circuit has reached equilibrium there will be a constant d.c. voltage (V¢) on Cg with
negligible a.c. ripple (otherwise it could not be measured by the DVM without flicker of the display).

This means that the mean current flowing into Cg during the positive half-cycle must exactly equal
that flowing out of Cg during the negative half-cycle.

i.e. VA(IMEAN) — Ve = —Vg(MEAN) + V¢
Rg Re + R4
Now the mean value of a rectifier sinewave is 0.9 times the R.M.S. value therefore
VA(MEAN) = 0.9.G. V,N (RMS)
and Vg(MEAN) = —0.9 Viy rms)
For the DVM to read correctly V. must equal Viy gms)
therefore V5, = 0.9.G.V¢

and Vg = -0.9.V¢
thus Vc(0.9G-1) = 1.9V¢
Re Re + R4
0.9G-1= 1.9
Rg Rs + Ry

R4 and Rg can be chosen arbitrarily provided that the values are “sensible”, and that the time
constant Rg, Cg is correct.
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Therefore, choosing a value of 200k for Rg and 10k for R; and substituting these values in the
above eqguation. ’

0.9G-1 = 1.9
200 21.0
189G-210 = 3
G = 590
189
= 3.122
Therefore the value of the parallel combination of Rg and R, is 4.712k. Since R, = 1M Rg=4.73k.

Using the component values shown the circuit is accurate at about + 1.5% over the frequency
range 40Hz to 1KHz.

80

1

TLOO
l' C4
22n |
LT *
R3 —O
1 (]
R1 10M 01 ]-
10M IN4148
C3
i
B =C5
100n -— *
c2 w5
—' [
L}
100n
R2
RS
™ QLK73
o v e}
)
ce b * TANTALUM

R8
100K
R9
82K 6585

OGND

Fig. 19
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PIN CONNECTIONS
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PACKAGE DETAILS
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ZN501 FERRANTI
ZN502 semiconductors

10 Bit ADC ,P-compatible, Tristate

ADVANCE PRODUCT INFORMATION

FEATURES

Choice of linearity: %2LSB-ZN501, 1LSB-ZN502

3-state outputs, TTL compatible

15uS typical, 20uS guaranteed conversion time

Input range as desired

+ 5V, —5V supplies, microprocessor and TTL/CMOS compatible
Choice of commercial or military temperature range

Full 8- or 16-bit MICRO-Bus interface

Available in ceramic or moulded package
Asynchronous Start Converter
DESCRIPTION

The ZN501 and ZN502 range of successive approximation A to D converters combine several
inovations to provide this function on a fully monolithic silicon integrated circuit. The chip
consists of a current switching array (requiring no trim), successive approximation logic, 2.5V
precision reference, reference amp, comparator and 3-state output buffers.

With the aid of BYTE 1 and BYTE 2 the 10 bits of O/P data can be read as a 10-bit word or as
8- and 2-bit words.

Comp. o Analog VRer VREF  REF REF DIGITAL
GND I/P lourlRer GND GND 25V /P GND SHAPE -5V GND

al ol o ol ol al &l el @l ol ol al

L L1
COMP { 25V REg
REF

CONTROL|
+sveg D TOA — | Loeic ®
D, cLock
[ EEENEENEN! K]
STATUS OIP @ - SUCCESSIVE APPROXIMATION LOGIC

®l
O'

R

] s 0 0 @ @ | [ |® [@ysg
DBO DB1 DB2 DB3 DB4 DBS DB6 DB7 DB8 DB9
Fig. 1 System Diagram
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage V¢,

VCC*

Logic Input Voltage

Operating Temperature Range

Storage Temperature Range ..

ZN501/2

+ 7 volts

—7 volts

+Vcc and O volts

0 to 70°C ('E’ package)

0 to +70°C ("CJ’ package)
—-55to +125°C ("AJ’ package)
—-55to +125°C

ELECTRICAL CHARACTERISTICS (at +5 and —5 volts supplies and internal reference unless

otherwise stated).

Tomp= +25°C Over Spec
Parameter Version | Min. | Typ. | Max. | Min. | Max. | Units Conditions
ZN501 Cer. AJ.
Cer. CJ.
Linearity error +0.5 +0.5| LSB
Diff. linearity error +0.5 +0.5| LSB Note 1
Unipolar offset +0.55| +1.0 +1.0! LSB Ext. Ref.
+0.55| +1.0 +1.0| LSB Int. Ref.
Bipolar offset +0.55| +1.0 +1.0| LSB Ext. Ref.
+0.55/ +1.0 +1.0| LSB Int. Ref.
Gain error +0.55 LSB Ext. Ref.*
+3 LSB Int. Ref.*
TEMPERATURE
COEFFICIENTS
(Tmln to Tmax)
Unipolar offset 7 typ., 10 max. ppm/°C Ext. Ref.
7 typ., 10 max. ppm/°C Int. Ref.
Bipolar offset 7 typ., 10 max. ppm/°C Ext. Ref.
7 typ., 10 max ppm/°C Int. Ref.
Gain 10 typ. ppm/°C Ext. Ref.
50 typ. ppm/°C Int. Ref.
ZN502 Cer. AJ.
Cer. CJ.
Linearity error +1.0 +1.0| LSB
Diff. linearity error +0.5 +0.5| LSB Note 1
Unipolar offset +0.55| +1.0 +1.0| LSB Ext. Ref.
+0.55| +1.0 +1.0| LSB Int. Ref.
Bipolar offset +0.55/ +1.0 +1.0| LSB Ext. Ref.
+0.55| +1.0 +1.0| LSB Int. Ref.
Gain error +0.55 LSB Ext. Ref.*
+3 LSB Int. Ref.*
*See Note 4
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ELECTRICAL CHARACTERISTICS (Continued)

Tamp= +25°C Over Spec
Parameter Version Min. | Typ. | Max. | Min. | Max. Units | Conditions
TEMPERATURE
COEFFICIENTS
(Tmin to Tmax)
Unipolar offset 15 typ., 20 max. ppm/°C | Ext. Ref.
15 typ., 20 max. ppm/°C | Int. Ref.
Bipolar offset 15 typ., 20 max. ppm/°C | Ext. Ref.
15 typ., 20 max. ppm/°C | Int. Ref.
Gain 20 typ. ppm/°C | Ext. Ref.*
50 typ. ppm/°C | Int. Ref.*
ZN502E Plas. E.
Parameter values
as for ZN502
All types
Resolution 10 - - - — | bits
Conversion time min. 10 15 20 15 20 |uS Note 2
DAC reference |4 0.25| 0.5 | 1.0 {0.25| 1.0 |mA Note 5
Nominal analogue -2.5| - +2.5| - — | volts Note 3
input range
Supply rejection - 0.1 % per V
Supply voltage + V¢ +4.5 +5 | +5.5|+4.5| +5.5| volts
-Vee: -4.5| -5 | -5.5(-4.5|-5.5|volts
Supply current +lec - 30 | 36 mA +Vec+ 5V
_ICC - 21 28 mA —VCC—SV
Power consumption - 300 | 360 mwW
INTERNAL VOLTAGE
REFERENCE
Output voltage All types 2.480 volts
Output voltage ZN501AJ +3.0 %
TOLERANCE ZN501CJ
ZN502AJ +5.0 %
ZN502CJ
ZN502E +5.0 %
Vger temp. coeff. All types - - - 26 50 |ppm/°C
Slope impedance - 0.75 - chms
Max. load current - +2.0| - mA
LOGIC All types
START CONVERT SC
High level inpV V 2.0 - - 2.0 - | volts
Low level inpV V; 0.8 - 0.8 | volts
High level inpl I, - 18.0 uA Vee= 5.5V
V;,=5.5V
High level inpl I, - 8.0 - - - | uA Vec 5.5V
Vihn=2.4V
Low level inpl |; - 4.0 - wA Vec 5.5V
Vin+ 0.4V

*See Note 4
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ELECTRICAL CHARACTERISTICS (Continued)

ZN501/2

Tamp= +25°C Over Spec
Parameter Version | Min. | Typ. | Max. | Min. | Max. | Units | Conditions
LOGIC All types
BYTE 1 and 2
High level inpV V, 2.0 - - 2.0 - volts
Low level inpV V; - - 0.8 - 0.8 | volts
High level inpl 1, - 18.0 - - - uA Vee= 5.5V
V,,=5.5V
High level inpl I, - 120 | - - — | wA | Vec=+5.5V
Vi,=2.4V
Low level inpl I - 2.0 - - - A Vee= +5.5V
Vin=0.4V
CLOCK All types
CLOCK  high period 0.5 1S
Max. clock frequency 550.) 730 [ 1100 | 550 | 730 | KHz
High level inpV V;, 2.0 - - 2.0 - volts
Low level inpV V, 0.8 0.8 | volts
High level inpl I, - - 25 - - rA Vee= 5.5V
Vi,=5.5V
High level inpl [, - - 5 - - nA Vee= +£5.5V
T Vi,=2.4V
Low level inpl I, - - 3 - - pA Vee= +£5.5V
Vi,=0.4V
High level OPV V All types | 2.4 - - 2.4 - volts | Vcc= 15V
Low level OPV V, - - 0.4 - 0.4 | volts
High level OPI |, - - |-700 - - nA
Low level OPI | - - 2.0 - - mA
Three-state DISABLE ~ - |*2.0 - - | kA Vour=1.3V
output leakage
BYTE input to data - 200 | 260 - - ns
output delays
ENABLE/DISABLE
Delay time TE1 100 | 220 | 260 - - ns
TEO 60 80 100 - - ns
TD1 100 | 120 | 140 - - ns Note 6
TDO 30 60 100 - - ns
SC pulse width 100 - - - - | ns
SC input to STATUS - 180 - - - ns

Note 1
Note 2

No missing codes over full temperature range at appropriate accuracy.
The maximum conversion time is 20uS. This corresponds to a clock rate of 550KHz based on 11 clock periods per

conversion cycle (see timing diagram). This provides an update rate of 50KHz.

Note 3
Note 4
Note 5

Note 6  Refer to figure 9

Single polarity and other input ranges may be provided by different input resistor values.
Gain error is trimmable to zero with the aid of R3.
The full scale D to A output current |, =4 times |,of. For optimum performance I,g¢ = 0.5mA.
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Fig. 2 Typical External Components

GENERAL CIRCUIT OPERATION

The ZN501 utilises the successive approximation technique. Upon receipt of a negative-going pulse
at SC input the STATUS output goes low, and the DAC input is set to the MSB. The resulting
analogue output is compared with the unknown analogue input signal by means of the comparator.
So if the analogue input is the larger, the MSB is left in circuit and if not the MSB is removed.
On the second clock pulse this sequence is repeated for the next most significant bit and so on
until all the 10-bits have been compared. On the 11th negative clock edge STATUS goes high
indicating that the conversion is complete.

During a conversion BYTE 1 and BYTE 2 will normally be held high to keep the 3-state buffers
in their high impedance state. Data can be read out by taking either BYTE 1 or BYTE 2 low,
thus enabling the 3-state outputs. BYTE 1 controls the 2 LSB bits and BYTE 2 controls the 8 MSB
bits. Readout is non-destructive.
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CONVERSION TIMING

The ZN501 will accept a low-going START CONVERT pulse, which can be completely asynchronous
with respect to the clock, and will produce valid data between 10.5 and 11.5 clock pulses later
depending on the relative timing of the CLOCK and START CONVERT signals.

The converter is cleared by a low-going START CONVERT pulse, which sets the most significant
bit and resets all the other bits and the STATUS. Whilst the START CONVERT input is low the
MSB output of the DAC is continuously compared with the analogue input, but otherwise the
converter is inhibited. After the START CONVERT input goes high again the MSB decision is made
and the successive approximation routine runs to completion.

The SC pulse can be as short as 100ns; however the MSB must be allowed to settle for at
least (625ns) before the MSB decision is made. To ensure that this criterion is met even with short
SC pulses the converter waits, after the SC input goes high, for a rising clock edge
followed by a falling clock edge, the MSB decision being taken on the falling clock edge. This
ensures that the MSB is allowed to settle for at least half a clock period, or (625ns) at maximum
clock frequency. The clock high Period and the sc Pulse width must comply with this setting time i.e.
clock high period and sc Pulse width is < 625 ns.

During a conversion the SC input is not locked out and if it is pulsed low at any time the
conversion will restart.

At the end of a conversion STATUS waits 1 clock cycle before going high, so indicating that data

is valid. So the data outputs can be enabled anytime during a conversion and valid data will be
available on the rising edge of STATUS signal.

_ _ NOTET
I | MSB DECISION
CLOCK
o AF
STATUS
X' MsB DECISION
MSB
LSB

£7¢

(EXPANDED INSET)

Fig. 3 Expanded Timing Diagram
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CONTINUOUS CONVERSION

The converter can be made to cycle by inverting the STATUS output and feeding back to the SC
input. To ensure that the converter starts reliably after power up an initial start pulse is required.
This can be ensured by using a NOR gate instead of an inverter and feeding it with a positive going
pulse which can be derived from a simple RC network that gives a single pulse when power is applied.

The propogation delay of the NOR gate determines the period over which STATUS remains high,
during which time the data can be stored into latches. The time available for storing the data can
be increased by inserting delays into the inverter path.

+5V

OPTIONAL

DELAY STATUS

-0 0V

€377
Fig. 5 Circuit for Continuous Conversion
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————— External Components and Wiring
Fig. 6 External Component Connections
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calculation of external Resistors

If Vin max is the voltage for the logic output to be all 1’s.
Vin min is the voltage for the logic output to be all O’s.

lout =Ira + lin
Iout =Viet + Vin

R4 R5
lour=0 Vin min  _ =~ Vret
(When vin = Vin min) RS R4

R4 = ~Veer RS
Vin min
lout(f.5.) = 2mA: Vinmax + Viet = loyt(f.s.)
(When Vin = Vin max.) R5 R4
_vin min Vin max _ lout(f.s.)
R5 R5
R5 - Vin max ~ Vin min
Tout!f-5.)

It is important for gain stability that I, (f.s.) of 2mA be kept constant, and this is done by the
reference amplifier loop.

The current sources in the D to A itself cannot be checked directly so a number of references
current sources are distributed across the chip to monitor conditions all along the array.

So It = 0.5mA
R3 = Vref
0.5mA

lout(f.s.) is four times I

R3 can affect gain stability and thus requires to be of high quality.
(Also slight variation in its value can act as a gain control).

R4 and R5 can affect offset stability and thus requires to be of high quality.
(Also slight variations in the value of R4 value can act as a offset control).

R1 and R2 are tosupply the bias current of the reference amplifier and comparator.

So R1 = R3
and R2 = parallel combination of R4, R5 and R6

R6 should be chosen such that the parallel combination of R4, R5 and R6 is about 1.25Kohms
as this determines the D to A time constant and hence conversion time.
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1/2

(THE FOLLOWING IS A TABLE OF VALUES TO GIVE EXAMPLES OF THE ABOVE EQUATIONS):

Vinmax | Vin min Viet R1 (1) | R2 (1) R3 R4 R5 R6 (1)
+25 | -2.5 2.5 5K 1.25K 5K 2.5K 2.5K o
+25 | -25 5* 10K 1.25K 10K 5.0K 25K | 5.0K
+2.5 0 2.5 5K 1.25K 5K o 1.25K o
+5.0 0 2.5 5K 1.25K 5K oo 2.5K | 2.5K
+40 | -20 2.5 5K 1.25K 5K 3.75K | 3.0k | 5.0K
+40 | -20| 12* 24K 1.25K 24K 3.75K | 3.0k | 5.0K
+10 -10 2.5 5K 1.25K 5K 2.5K 10K 3.33K
+10 0 2.5 5K 1.25K 5K ) 5K 1.66K

Note 1 Nearest prefered value may be used for R1, R2 and R6.

*Note 2 External reference.

For unipolar operation where R4 approaches (o) and a zero adjustment is required, the following
offset circuit is suggested in place of R4.

100kn

™Mn

100kn

ov
-t VREF .
VN
: _L N PIN 10,11
e C——— - -
uF L rh | |
llr3 rsi L L |
———t—
_____ ov "1l" Y i |
_________ S | _VREF
_;IREF } | L 5|
I
SHAPE
DTO A o —g——4-
° lout T_
A 1+ + |
| |
| ! I
| SAR i i 1
——1uF 4 e —_—
- L4 PIN 12
@ I IRe | 1R2
voooT
[
N 4

————— External Components and Wiring
Fig. 7 Offset Circuit for Unipolar Operation
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BYTE1
(PIN 16)
BYTE 2
(PIN 15)
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Fig. 8 Data Outputs
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DATA OUTPUTS

The ZN501 has true 3-state output buffers on chip, hence eliminating the need for external
buffers and latch circuitry.

The two BYTE select pins BYTE 1 and BYTE 2, control outputs DB9 to DB2, and outputs DB1
to DBO respectively.

BYTE 1 and BYTE 2 will normally be held high during a conversion to keep the TRI-state buffers
in their high impedance state, and when data is ready, which will be signalled by a high going
STATUS pulse, it can easily be read out by taking BYTE 1 and BYTE 2 low.

(A test circuit and timing diagram for the output enable/disable delays are given).
The STATUS output shown utilises a 5K internal pullup resistor for CMOS/TTL compatibility.

o ’ —o\Vcc
5k
STATUS
o— . -0 GROUND

Fig. 10 Status Output
DATA BUS CONNECTIONS

The ZN501 can be connected directly, to an 8-bit microprocessor bus, where the two LSB’s would
normally be hardwired to the desired upper bits, usually the 2 MSB’s. Hence the data would be
transferred in two words with control of them, from BYTE 1 and BYTE 2.

For use with a 16-bit microprocessor, BYTE 1 and BYTE 2 would be tied together and all 10 bits
would be enabled simultaneously. The 10-bit word could then be placed, at either the higher or
lower end of the 16-bit bus.

e.9. vsB |0B9
DB8
DB7
— 8-BIT

DBS DATA BUS
DB4
DB3
DB2
DB1
DBO

LSB
BYTE1

BYTE?2

Fig. 11 Data Bus Connections
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BYTE 1 DB9 DB8 | DB7 DB6 | DB5 | DB4 | DB3 | DB2
D7 D6 D5 D4 D3 D2 D1 DO
BYTE 2 DB1 DBO X X X X X X

DATA TRANSFERRED IN TWO WORDS

UNIPOLAR ADJUSTMENT PROCEDURE

(i) Apply continuous START CONVERT pulse at intervals long enough to allow a complete
conversion and monitor the digital outputs.
OFFSET SETTING

(i) Apply 2LSB to V;, and adjust the offset CIRCUIT until DBO (LSB) just flickers between
0 and 1 with all the other bits at O.
i.e. for transition 0000000000 to 0000000001.

GAIN SETTING

(iii)  Apply full-scale minus 1.7%2LSB to V,, and adjust gain until DBO (LSB) just flickers between
0 and 1 with all other bits at 1.
i.e. for transition 1111111111 to 1111111110.

Note: R3 GAIN ADJUSTMENT.
UNIPOLAR SETTING-UP POINTS

Input Range +FS % LSB F.S.—1.%LSB
+2.5V 1.22mV 2.4963V
+5.0V 2.441mV 4.9926V

1LSB = FS
1024
UNIPOLAR LOGIC CODING
Analogue Input Digital Output Code
(Nominal Code Centre Value) MSB LSB

FS - 1LSB 1111111111
FS - 2LSB 1111111110
%.FS 1100000000
V2. + LSB 1000000001
V2 .FS 1000000000
%2 .FS - 1LSB 0111111111
Y% .FS 0100000000
1LSB 0000000001

0 0000000000
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BIPOLAR ADJUSTMENT PROCEDURE

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

OFFSET SETTING

(i)  Apply —(FS.- ¥2.LSB) to V,, and adjust offset control untii DBO (LSB) output just flickers
between O and 1 with all other bits at O.
i.e. for transistions 0000000000 to 0000000001.

Note: R4 OFFSET ADJUSTMENT.

GAIN SETTING

(iii)  Apply +(FS - 1%.LSB) to V;, and adjust gain until DBO (LSB) just flickers between O and
1 with all other bits at O.
i.e. for transition 1111111111 to 1111111110.

Note: R3 GAIN ADJUSTMENT.

BIPOLAR SETTING-UP POINTS

Input Range +FS —(FS—7%.LSB) +(F.S.-1.%.LSB)
+2.5V —2.4976V +2.4927V
+5.0V -4.9951V +4.9854V

1LSB = 2FS
1024

BIPOLAR LOGIC CODING

Analogue Input Digital Output Code

(Nominal Code Centre Value) MSB LSB

+(FS - 1LSB) 1111111111
+ (FS - 2LSB) 1111111110
+(%.FS) 1100000000
+ (1LSB) 1000000001

[¢] 1000000000
- (1LSB) 0111111111
—(%.FS) 0100000000
—(FS.- 1LSB) 0000000001
-FS 0000000000
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PIN CONNECTIONS

06 eno [1]

-sv [2]

sware [3]

REF AMP GND [4]
REF AMP I[P [5]
VREF +25V E
VREF oND [7]
Analog GND [&
Irer 5]

tout [ig]

comp ifp 1]
comp onp [iZ]
+sv i3]

starus ofe [14]

28] 5¢

[27] oB9 MsB)
[26] os8

[25] 087

24 oes

[23] oes

[22] oes

[21] oe3

[20] os2

5] o081

18] o8O (LSB)
[17] cLock

[76] &v7E T

5] &vre 2
‘

PACKAGE DETAILS

LEAD1

\| )o‘zs
imisininisivsininininininin! __{
O
15,25
ctrs 137
— 00000000 o0oTog
97:;!AMAX
51 05
MAxIv __{MN
[ 32
iN

165
'MAX

28 Lead Moulded D.I.L. im0z

- S

1525/
ctrs, q

|
—&-—-»Juul_i\_l\_‘luul_l\_l\_l\_l\_au‘

36 MAX

| 046  l2se e
- -l —-.‘W

-l

28 Lead Ceramic D.l.L. <503

Dimensions in millimetres
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FERRANTI

ZNAMGE semiconductors

3 1/2 Digit DVM-Circuit for MPX-LED-Displays

FEATURES

@ 34 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 /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 3} 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.

'
TO ANALOGUE

SWITCHES
+SIGN [T -SIGN OV v $o0 outPUT
o/P o/p 9
v '
OVERLOAD
OUTPUT o— CONTROL ]
INPUT o——:t LOGIC i H + 2000 }‘———0 ?hgﬁ#
FROM
COMPARATOR
Vtrtbem m BTV
COMPONENTS o—] OSCILLATOR

1 DATA LATCHES
L ‘

BLANK INPUT ZERO - DIGIT
SUPRESSION MULTIPLEXER[ 3] GATING SELECT
O.R INPUT oelc 1 —
I 1 1
l B.CO.
+ DATA OUTPUTS
e 829

System Diagram
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ZNATI6E

PINNING AND FUNCTIONAL DETAILS

Pin
number Name Function

1 Earth Supply O volts

2 f/100 output An output at 1/, 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 O time at clock input = 8 psec.

4 M1 Digit drive output. When this outtput 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 = /44 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 logic 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 Cc 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.
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TECHNICAL DATA
(a) Maximum Ratings:

Supply voltage ..

Operating temperature

Storage temperature
(b) Electrical Characteristics (T = 0°C to +70°C)

ZNANMGE

5.5 volts

0°Cto +70°C
-55°C to +125°C

Parameter Min. | Typ. | Max.| Units Test conditions

Supply voltage Voc | 475 5.25 | Volts

Supply current lee 15.0 | mA Vce = 5 volts

Logic O level ViL 0.8 | Volts

All input pins except pin 15

Logic 1 level Vib | 2.0 Volts

All input pins except pin 15

High-level input current I, 4.0 | pA Vin = Vec

All input pins except pin 15

Low-level input current —4.0 | pA Vinp =0V

All input pins L

Logic 0 level VoL 0.4 | Volts | lgjnx = 1.6 mA

Output gins 2,4,5,6,7,10,

Logic O level VoL 0.4 | Volts | Igjn = 1.0mA

Output pins 14,18,19,21,24

Logic O level VoL 0.4 | Volts | lsink = 0.5 mA

Output pins 16,17,23

Logic 1 level Vou| 24 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 | Ty = 25°C

frequency with changes in V¢ volt

(c) Notes:

1. Pin 14 is an open-collector output. All other outputs have a nominal 100 kQ pull-up resistor

to Vcc rail.

2. Although the oscillator and logic will function up to 50 kHz,

analogue circuitry becomes more critical.

this is not recommended as the
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OSCILLATOR CIRCUIT
RECOMMENDED COMPONENTS FOR 20 kHz OPERATION

? ©*Vee
10k
— To ZNAIGE ,Pin3
62k
£2°/o
. To ZNANGE , Pinl4
16k
+2%
_I_ » To ZNANGE ,Pin15
2200pF
25 ]

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 singie 68k +2% high stablity
resistor at the loss of some mains rejection only.

THE DUAL SLOPE SYSTEM

S 4827

+Ve reterence /

voltage S, 1 C“ '

o——-/—-AM )
Vln
Sy + Output
1o
logic

-Ve reterence - Integrator Comparator

voltage Sy - ov ]

Figure 2.

(Refer to timing diagram, figure 3)
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ZNANMG6E

Attime T, ; S2, S3 and S4 are open and S1 closes to apply the input voltage, V;,,, to the integrator.
The integrator capacitor, C, charges up linearly until time T, which is 4000 clock periods after T,.
The voltage at the integrator output, V,, at time T, is proportional to V;,,.

At time 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 T3 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 V;,. 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.
Attime Tg, which is 4000 clock periods after T,, S4 opens and the cycle is repeated.

If S1 is closed for a time which is a multiple of 20 msec., any 50 Hz mains ripple superimposed on
Vi, 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 .
St
Open |
1
ov '
Output of integrator W
Vin >0V
in |
- Vx :
1
+ Vy :
Output ot integrator '
Vin<OV '
ov !
1
|
!
1
!
I
1
1
]

+ Vcc
Output of comparator J

V. >0V
in
oV — h d
1 | |
Closed | " !
- Ve reference switch : |
Sq, Vin >0V !
3+"in Open : : :
. 1 1 : 1
Closed — : | )
Reset swilch -] 1 1
S 1 1
4L | '
Open h : ; h
1 "‘TX"*’ [} [l
T) Tz T3 T[. Ts
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 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 45 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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ZNATNG6E

To ZNANGE
(Pin16)
To ZNAVIGE
(Pin23

To ZNAVIGE
(Pin17) ]
OV <

To ZNAIGE
(Pin20) *

To ZNANGE <
(Pin21)

ANALOGUE BOARD — Component positions
Figure 6.

To dﬁsnmlapmatpswnch

To analogue
board

7

ZNATIGE

» D ZNTALTA

4888

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

ZNANMG6E

>— sV
FromZNATE S560n 15K %m’ 10k ém [ J_
int6 9 < 0k 470pF uyr.LJ 01pF
@ M/\Se' ~Ve Volis R
A
47k 51k
s1k”
+ A~ AA
4 O-1uF
68k° 51k* Fre
- OWF
Input 2404 x Tl
sy S From | [ZN&23 = 001pF
- ZNANG . 1 .
Max Pin21 10k 1M 33k
l VV «—AAA—d ,k‘ 100 + s
- 100k Set zero ZNL& ZIN&L2L
4 To ZNANG
T oW '_1/‘ > Pin20
@_zmza
Set+VeVolts I
47k i
FromZNAN6 22uF
Pin1? | s
47083 100k
S
& T
. n ov
From 22°, High stabilily
INANG Pin23 AlLNPN transistors ZTX108 «870
All PNP transistors ZTX 213
Figure 8.
CIRCUIT DIAGRAM OF DIGITAL BOARD
+5V
Oscillator
68k From ZNA116 From ZNA116 From ZNA116 FromZNA11o
To ZNANE Pin& in Ping Pin7
Pinl4 16k
To ZNA116 —~e—rp Anode 1
pints 20007 T 3% Qi
A
el | FIS I8
lo 1__1 op ElolC
. .
Al FIG OR| [AB|CIDIEF |G OPR B IC|0E|F |G
AlL1SON
a
b
A
Pin10 Al INT44LTA B N
Pint1 - 7 Segment | d MVA
Pin12-»—= Decoder |e N
Pin13 -»—— Driver t N M
BCD Input 9 ‘"'
FromZNA16 +5" FromZNA116,Pin6
680 \\ / From ZNA1IG
> Pin%
3k S680A sla  enc s Y
I 15k .~ :\'\’_TOZNAHG
rom ZNA j oo hiuyiring Ping
M 1 Ganged with input
Pinig 33k 33k 8on altegnm;;:' snlmguh
FromZNA116 All NPN transistors ZTX 108
Pin19 All PNP transistors ZTX 4403 “869
Figure 9.
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D.V.M. COMPONENT LIST

R1 16k +2% R14 33k
R2 68k +2% R15 15k
R3 150 R16 680
R4 150 R17 680
R5 150 R18 3.3k
R6 150 R19 3.3k
R7 150 R20 3.3k
R8 150 R21 100
R9 150 R22 100k
R10 1.5k R23 100k
R11 1.5k R24 10k
R12 1.5k R25 10k
R13 3.3k R26 15k
VR1 100k

VR2 5k Bourns 3009P

VR3 5k

All values given in ohms.

All resistors +10% unless stated otherwise.

C12

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

2200 pF +2.5%

0.033 uF

68 wF 10 vw. electrolytic +-50%
0.033 uF

68 uF 10 vw. electrolytic +50%
0.1 uF

2 uF +10%

1 uF

pF

o

LLaLnnay
o

TEEEE

mmTTm

Tr1, Tr2, Tr3 Tr4 all ZTX4403
Tr5, 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

2—-172

R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38

27k

1M +£2%
51k +2%
51k 4+2%
10k

470

68k +2%
10k +2%
560

51k +2%
240k +2%
180



ATTENUATION OF INPUT VOLTAGE

ZNATG6E

For measuring voltages of +2 volts or more, the following input attenuator circuit may be used.

100V 10V

!V 4826
180k

r——VWAW—o|0V Slc
2Mn
AN -0 100V

10MA  10Ma 1000V
Sid
1000V otV

<) °
Input voltage Output
to be to
measured D.VM.
L 9

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

Figure 10.

The input impedance is 100 kQ2 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) Iftheappliedinputvoltage 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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Ping8o

Pin240—— Z7x108

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

ono 1 [ N\ [ 26 overanee
£
“1002 O [] 23 RESET SW.
cLock 3 ] [ 22 vee
M1 [ [] 21 SIGNAL SW
M2s ] [J 20 comP IN
mM3s [ ) 19 +siGN
M1 718 -sion
sLank 8 [ [ 17 —ReF.sw
or. 8 [ [] 16 +REF.SW.
A10 I; ] 15 osc.IN
s ] 1 osc.our
cn M 13o

CHIP DIMENSIONS AND LAYOUT

145 MIL
DIP BL/?NK MII. M|3 MIZ MI1

—CLOCK
INPUT

—F 0
100 143 MIL

_OVERRANGE
OUTPUT

_RESET
OUTPUT

6226

2—-175



ZNA21GE FERRANTI
ZNA216J semiconductors

3 3/4 Digit DVM-Circuit for MPX-LED-Displays

FEATURES

31 digit display (+3999 max. reading)

Automatic zero adjustment with 1 uV/°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 45V 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 l.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 |0 Bl
TIMING 28] 0SCILLATOR + 4000 -2 ,
¢ OMPONENTS BUN By
sou 3L, comp 1P
S DATA LATCHES IDE TN
L = I, conTROL (251 20"
SELECT|, gt {MULTIPLEXE Lo6ic
L3012 | LH<REF -
GATING Lo AUTO ZERO
rJ
7 SEG LEADING ZERO
oND 2048 DECODER SUPPRESSION 22, oveRL0AD
ORIVER AND BLANKING
w[o]s]<[3[s]2[ werpeps| 0] [ 2
TITTIT DA
B,

L)
abcdet g 2922 DP BLANK SIGN 5745

System Diagram
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ZNA216E/J

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, goes 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 blanked.
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

ZNA216E/J

7.0 volts
0°Cto +70°C
.. =65°C to +125°C

(b) Electrical Characteristics (Tp = 0°C to +70°C, Voc = 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 | V;, =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 | A | V;, = 2.5V
input current *
All other inputs 4 pA - | V;, = 5.0V
Low level ab,cdefg 08 | V lsink = 20 mA
output voltage
Sign 04 |V lgink = D MA
Overload, Ref+, Ref—, Azero, 04 |V lsink = 1.6 MA
Signal switch, a,b,c,d,M1,M2,
M3, M4
High level Overload, Ref+, Ref—, Azero, | 2.4 \ lout = 10 A
output voltage | Signal switch, a,b,c,d M1,M2,
M3, M4 Vee
-0.1 " lout =0
High level a,b,cd.ef,g Sign =10 | A | Vgu¢ = 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

—VE REFERENCEO——/

VOLTAGE 52
O+ O St R1
VE REFERENCEQ_./
VOLTAGE s3 INTEGRATOR OUTPUT
—————= 10
Vin LOGIC
"RELATIVE
ZERO (W
| REFERENCE |
IPOINT |
—_ c2
O- } T +
L_ AUTO ZERO CIRCUIT ]
5746
Figure 1. Dual Slope Block Diagram.
AUTO  SIGNAL REFERENCE AUTO  SIGNAL REFERENCE  AUTO
ZERO| INTEGRATE| INTEGRATE| AUTO  ZERO ZERO| INTEGRATE (INTEGRATE | ZERG |
SIGNAL  CLOSED r | | '
SWITCH S| OPEN _J SIGNAL ~ CLOSED i I r
| WITCH :
i el _'\:/:—_:\ SWICHS! o | | i |
v': gl ! " | | INTEGRATOR \ ! ;| l I
Vee ‘ ouTPuT e i
COMPARATOR ] 1 VN <O ov | |
OUTPUT ov | IN | | | | |
! | | ! +VE CLOSED |
e . ctosso_ll__J———, ]l REFERENCE I | |
SWITCH 'S2 OPEN —T 1 ,‘—l——- SWITCH 3 OPEN ! I ! : X
AUTO ZERO CLOSED ! ' T CLOSED — ‘ : '
SWitcH 80 open L+ i L le(r)cZHEz? OPEN ] P -
t ' L ] } [
T 12 3T4 15
Ix T 12 T 15
T 5747 5748
Figure 2a. Timing Diagram for in-range 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
T,. which is 2000 clock periods after T,. During this time the integrator output ramps positive or
negative, depending on input volitage polatrity, to a voltage

V. = —Vin 2000 tc

° R4Cy

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, S1is opened and, depending on the input voltage polarity, either S2 or S3 is closed. This
connects a reference voltage of opposite polarity to V;, 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 = m where n is the count at time T4
RyC,
—Vin 2000tc
but V,, also equals —R{(T;_
thus n — 2000 Vin
VReF

R;. 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 Vgee 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 Veeg 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. itis 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 (Rggg) will be used
for the reference integration. The equation then becomes :

"= 2000 Vin . RREF
Vrer- Ry
R4 and Rggf 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 T4 to Tg in the case of an
overrange input. S4 is closed, S1 S2 and S3 are opened so that only 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 equal 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, — T, 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 muitiplexed 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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Vee

TO PIN 28

220 pF
— T

FREQUENCY=20kHz * 20%
5749

Figure 3. Oscillator external components.

INPUT AND OUTPUT CIRCUITS
Apart from 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.

Vec - °

Vee .
I |
| 100K > |
| NOM.. |
| |
T __J
GHES, o
E LEC
OUTPUTS 1
ov ov _
e b - 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.

<+ V A T +5v
27X550
~ Sion @ ﬂLzrxss I i
) ‘6 °
gzrxsso ‘
erxsso
6800 _ _ _ ]
| || [ [
2 |n 12 13 | | | ] | ]]l
SIGN M M2 M3 M4 — —_ — —
10 4] a1 pul ]
a VA - - -
b e AAA- s - 9\ l
c P A
ZNA 216 d ~AAA—
e —AA—
t — A~
] — AN~
ALL150Q

5752

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 T, and it will then be

turned on and off cyclically by the auto-zero output, causing the display to flash whatever reading
is present.

Y 19
BATTERY
SUPPLY
ZNA 216
]
P 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.

Vee
100k
ZTX 550 12 TX 550 2TX550 27X550
G 5
M. 680R (
- “ \ R ALL %8
INA 216 1 ZNA 216 PIN 14
PN 28
VMV —> ZNA 216 PIN13
INA 216 L —~V MV ZNA 216 PIN 12
PIN1
! —~/ WA+ ZNA 216 PN 11
zw\z:sI |
PIN13 |

COMMON ANGDE 7 SEGMENT DISPLAYS

|
L )

]

_

g -
i ‘ ‘J
—

ALL 150R
~ANN\—>
INA 216 180R
PIN 20 %BO ZNA 216 : MAAIG
PIN 2 VVVVT® INA 216, SEGMENT

| AAA—>
! v ORIVE QUTPUTS
l Ov "' —~VVVN\—>

Sla & SIb Ganged With input Attenuator Sic & Sid et

Figure 7a. Battery-powered D.V.M. circuit, display section.
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Figure 7b. Battery-powered D.V.M. circuit, analogue 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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Figure 9b. Component Layout for Figure Sa.
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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 32 decade range offers a resolution comparable to a 13 bit binary ADC, butin
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 p.P 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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FERRANTI

ZN412 semiconductors

Advance Product Information

FEATURES

® Low external component count
@® Low supply current

@® Accuracy +=1LSD (0.1°C)

@ Direct drive of LED display

@ Self testing facility

@ Battery status indication

@ Consistent and repeatable
performance

@® 5 second response time

DESCRIPTION

By combining all the complex linear and digital functions on the same chip the ZN412
enables a digital clinical thermometer to be constucted with few external components.

The ZN412 has multiplexed data outputs capable of directly driving a 3 digit seven seg-
ment LED display. These outputs are controlled by an on-chip A/D processor which
converts the output from an external probe element into a digital number. Temperature
can be displayed from 35.0°C to 47.6°C with a resolution of 0.1°C at a sample rate of 3
per second. Above 42.9°C, however, all the decimal points will be on whereas below
35°C 3.4.9. will be displayed. A number of useful features are incorporated into the

ZN 412, including a self check facility, battery status indication reset and display hold.

DISPLAY COMPARATOR ANALOGUE
HOLD TEST - + P2 TP RC R GND 2 VREF SWITCH
28— 271 26} 25} {2 23— 22} 2 {2019 {18
RESET [29 OSCILLATOR VREF 17]vees

ANALOGUE AND

DIGITAL
DISPLAY
ASErAY [3 PROCESSOR

(=

16| B USARATOR

A

+

B CD

GND2( 1 S5|LED

LOGIC CONTROL AND 7
SEGMENT DECODER
DRIVER

2 14(D3 (LSD)
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Absolute Maximum Ratings

Dissipation

Supply Output Current (Source)
Multiplex Output Current (Sink)
Operating Temperature Range (Ambient)
Storage Temperature Range

0°C to +70°C
t.b.a.

4.5mA

25mA

0°C to +70°C
—55°C to +125°C

ZN412

FUNCTION PARAMETER AT 25°C AMB. MIN. TYP | MAX. UNITS
VREF Output Voltage 1.75 1.85 |1.95 Vv
with external -
shaping cap. Temp. Coefficient +1.0 +3.0 mV/°C
1uF min. -
Slope Resistance 5 Q
Comparator 1 Input Bias Current 30 nA
Input Offset Current +10 nA
Input Offset Voltage +5 mV
Open Loop Voltage gain 74 dB
Bias Current Drift -2.0 %/°C
Offset Current Drift -2.0 %/°C
Offset Voltage Drift +20 uV/°C
Comparator 2 Input Bias Current 200 nA
High Level Input 0.6x
Voltage VREF +0.1 VREF
Low Level Input 0.6x VREF
Voltage VREF—0.1
Comparator 3 | Input Bias Current 2 uA
High Level Input 0.6x \Y
Voltage VREF +0.1
Low Level Input 0.6x \Y
Voltage VREF—0.1
Analogue Low Level Output 2 mV
Switch Voltage
High Level Output VREF VREF Vv
Voltage —0.002 +0.002
Oscillator Frequency 4.8 5.8 kHz
with
R = 100K Temp. Coefficient —0.01 %/°C
C = 150pF
P Volt. Coefficient +1.0 WV
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D.C. characteristics over the operating temperature range (Vgc = 4.5V)

Parameter Test Conditions Min. | Typ | Max. | Units
Supply Current No connection to 7 14 mA
DP,ab,c.d.efg
Low level Display Hold, 0.8 \Y
input voltage Display max.
VT- Test, 25 \"
Reset
Low level Test, Vin = OV —-10 |—-20 | uS
input current Display Hold,
Display max.,
Reset.
High level Display Hold, 2.0 Vv
input voltage Display max.
VT+ Test, 3.0 \"
Reset
High level Display max. Vin = 4.5V 50 uA
input current Display Hold.
Test, Vin = 4.5V 10 uA
Reset
Low level D1, D2, D3 ISINK = 24mA 0.9 11 1.3
output voltage
a,b,c,d.ef, lout = 10A 15
g, DP.
Low level LED VouTt = 3.0V 1.0 2.0 4.0 mA
output current
High level D1, D2, D3, VouT = 4.5V 10 uA
output current LED
a,b,c,d,ef, VOUT = 2.6V 2.0 3.0 4.1 mA
g, DP
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MODE

FUNCTION

Power on Reset

8.8.8. is displayed for up to 1 second after switch on and all internal
circuits are reset. This overrides all other functions.

Low Temperature
Measurement

3.4.9. will be displayed for temperatures lower than 35.0°C.

High Temperature
Measurement

For temperatures greater than 42.9°C, the temperature will be
displayed up to a maximum of 47.6°C but all the decimal points will
be on.

Normal Temperature

The temperature will be displayed for temperatures from 35.0°C to

Measurement 42.9°C with a resolution of 0.1°C at a sample rate of approximately 3
per second.

Maximum When the display maximum input is low, the maximum recorded

Temperature temperature is displayed.

Measurement

Hold Reading While the display hold input is held low, the reading in the display

will remain the same.

Test Sequence

While the test input is held low, the display will count from 3.4.9. up
to a maximum of 4.7.9. and then back to 3.4.9. etc. at a rate of
approximately 3Hz.

Lamp Test 8.8.8. is displayed during power on reset and also if the battery
voltage is below a preset level.
Green LED The green LED will be on if the battery voltage is above a preset

level.
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Application

All the external components required are shown except the test resistor which is
switched into circuit instead of the thermister to give a reading of 45.0°C.

+Vee

+4-5V NOMINAL

FROM SWITCHES
DISPLAY DISPLAY
[] TEST HOLD  MAX
LED Vecl Vec? g
BAT COMP 2
VREF ¢
f
g
DP
C( -
OMP ZN4T2
== COMP +
ANALOGUE
[—“——'—4 SWITCH
i 0
GND 1 R
R RC GND2 RESET GND3

T

ov
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Input Circuit

ZN412

A possible circuit configuration that can be used to null out comparator offsets without
introductions. Additional gain errors is given below:—

o VREF

24-22k 100k
01% 50ppm 01% S0ppm

+COMP -CoMP 4096k ANALOGUE

? ° o ? —F O SWITCH

uM7
14,2-8k v
KH) -‘r ‘}JF-‘» How. Soppm [T
} ! oGND

The thermister used had the following approximate characteristics:—

T°C RTKQ
25 60

35 39.441
36 37.883
37 36.366
38 34.931
39 33.560
40 32.249
45 26.508

with

11
RT = Rox e B (- - )

Bﬁ
B
To
T
Ro
Rt
t

o

=B (1-5x10"4(t-100))

= material constant = 3980°K

= Reference temp. in °K (25°C = 293°K)
= Probe Temp. in °K

= Thermistor value at 25°C (60KQ)

= Thermistor value at temp. T°K in KQ
= probe temp. in °C

The above information is given for guidance only and may
not represent an optimum circuit configuration.
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PINNING DIAGRAM

GND 2 DISPLAY MAX
g [——RESET
f 3 2 %0 2928 DISPLAY HOLD
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Ve 2 5 26 CoMP-
d 6 25 COMP +
c 7 24 P2
b 8 ZN412 23 TP1
a 9 22 RC
DP 10 21 R
D1 1" 20 GND 1
D2 12 19 VREF
ANALOGUE
GND 3 13 18
% 15 1 17 SWITCH
D3 —— 7 L +vcet
LED BAT COMP
top view
30 Pin Plastic Flat Pack
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3. Precision Voltage References
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PRECISION VOLTAGE REFERENCES

PRODUCT SELECTION GUIDE

Current Dynamik [Temperature[Temperature
Nominal | Output Range Impedance | Coefficient | Range (°C) A
Type Output | Voltage (mA) (Q) (ppm/°C) Package| Features g
Number Voltage (Tolerance [—; -
min. [ max. | typ. [max. | typ. | max. | min. | max.
ZN423 1.26 +476% | 1.5 | 12 | 0.5 | 1.0 | 30 | 100 | —55 | 125 [TO-18 | 60dB Power Supply Rejection [3-6
2 Lead| 6,V RMS Noise
ZN404 2.45 +2.86% | 20 | 120 | 0.2 | 0.4 | 35 | 145 0 70 |TO-18 | Low Cost ' 3-3
2 Lead | no shaping capacitor requ.
ZN458 2.45 +16% | 20 {120 | 0.1 | 0.2 | 58 | 100 |—20 | 70 |TO-18 | Low Slope Resistance 3-13
—1.2% 2 Lead| 10 4,V RMS Noise
No shaping capacitor requ.
ZN458A 2.45 +16% |20 {120 | 0.1 | 0.2 | 35 50 [—20 | 70 [TO-18 | Medium Voltage Change 6mV |3-13
—1.2% 2 Lead | over Temperature
ZN458B 2.45 +16% |20 {120 | 0.1 | 0.2 | 283 29 |—-20| 70 [TO-18|Low Temp. Coefficient 3-13
—1.2% 2 Lead
ZNREF025A1 35 50 [—55| 125 |TO-18 | ZNREF parts are 3-21
c1 2580 | 1% 0151 10 | 151 2 | J5 | 50 | 0 | 70 |3 Lead|also available with
3 0 55 | 125 |To18 2% and 3% Output Voltage
ZNREF040A1 5 5 - 125 -18 | Tolerance. This Tolerance 3-25
ci 401 | £1% 10151 75 | 2 1 3 | Y5 | 50 | 0 | 70 |3 Lead|can be trimmed + 5%
ZNREFO050A1 35 50 551125 |TO-18 G+ 2,5% for ZNREF100) 3-29
4.90 + 1% 015| 60 | 1.5 2 - - -
C1 ’ 15 | 50 | O | 70 |3Lead|zNREF Series parts are
maskprogrammable
ZNREF062AB1 25 40 |—55| 110 {TO-18 3-33
c1 6.17 +1% |[0.15| 50 2 3 15 50 0 70 |3 Lead between 2,5 Vand 10 V
ZNREF100A1 35 50 |—55| 125 [TO-39 3-37
c1 9.80 +1% |[0.15| 50 3 4 15 60 0 70 |6 Lead




FERRANTI

semiconductors 7N404

2-45 Volt Precision Reference Regulator

FEATURES

® Low temperature coefficient

® Low slope resistance

® Very good long term stability
® Low noise

® Internally shaped

@ Tight tolerance

® Two pin package

DESCRIPTION

The ZN404 is a monolithic integrated circuit providing a precise stable regulator source
of 2.45 volts in a two lead package without the need for an external shaping capacitor.

V.
3 5,610,250

Vs-VREF
R=—2_-REl s 47:015¢0
IREF

—oVper 48:05

MAX.
12,7
0,489 MIN.

S BAND 2,5PCD
REFERENCE {\J\
T A )45<\'as-
+- Ve
-ve *;:’e %
521912 ve \’/,(\>\
a2

Lead Configuration

Circuit diagram . . . .
g Dimensions in millimetres



ZN404

MAXIMUM RATINGS

Dissipation ..

Operating Temperature Range ..
Storage Temperature Range

ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise stated).

0to
-55 to

300 mW
+ 70°C
+150°C

Test

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

Output Voltage VREF 2.38 | 2.45 | 2.52 v Measured
at 2 mA
Slope Resistance RRer — | 02| 04 Q
Reference Current IREF 2 — | 120 mA
Maximum Change in Vggg AVgee | — 6 25 mV 0to+70°C
Temperature coefficient - 35 | 145 ppm/°C
10 5583]

a

b3

P

e

s

5 IRgF=2mA y

o /

b3

=10

= 7 ree = 20mA

z A/ REF "}«__

:

P
/
W]
01 -0 10 100

FREQUENCY (kHz)
DYNAMIC IMPEDANCE




Change in Reterence Voltage (8V)mV

ZN404

TEMPERATURE CHARACTERISTIC FORWARD CHARACTERISTIC
(Typical) (Typical)
! 5655 10-0 = —
| 5
jas 1T pd o
:,.i__ P4
2 T T
S A jane ;
En=SSREpZdn 5
o 102
K 3
s’ - :
_?A_ .. S
i 1073
-‘00 © w0 ® Temp:?alure(s‘?:) 60 70 80 10-;1. /OB 1.2 1.€ 20 2.4 28
Forward Voltage!voi's,
DERATING CURVE
T T T T [53e3
s .: '
140 ‘5
t
120) -
8 : I (. U
lRel(m“') 7 i P
(ma) : ; K
4
20] :
BE
13T ]
o 1 1 ]
-30 -20 -10 0 0 20 25 30 ) 50 60 0
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FERRANTI
ZN423 semiconductors

1.-26 Volt Precision Voltage Reference Source

FEATURES

Low voltage

Low temperature coefficient
Very good long term stability
Low slope resistance

Low RMS noise

Tight tolerance

High power supply rejection ratio
Two pin package

DESCRIPTION

The ZN423 is a monolithic integrated circuit utilising the energy band gap voltage of a
base-emitter junction to produce a precise, stable, reference source of 1.26 volts. This
is derived via an external dropping resistor for supply voltages of 1.5 volts upwards.
The temperature coefficient of the ZN423, unlike conventional Zener diodes, remains
constant with reference current. The noise figure associated with breakdown mechan-
isms is also considerably reduced.

PACKAGE OUTLINE

5,640,250
g 4,720,150
———T—Vs v
> Vg~ o
R Yo VReE Lo
REF L
VRer ” “ I
e — 0,76
5:\/,« e MAaX
AN 12,7
o \ MIN.
) é s \ - 0,480
J:Cs

Lo

BAND |
GAP
REFERENCE

« ]
\ p-ve_- +Ve [’:’"ﬁ\'-s'-w

sssint X}
v b—o-ve 1,0 - 0
>

2 LEAD TO-18
Circuit diagram Pinning configuration

Dimensions in millimetres



ABSOLUTE MAXIMUM RATINGS

Reference current Iggg

Operating temperature range

Storage temperature range . .

.. 20 mA
. 0°Cto+ 70°C
-55°Cto +125°C
—-65°C to +165°C

ZN423

ELECTRICAL CHARACTERISTICS (at ambient temperature of 25°C unless otherwise stated).

Parameter Symbol | Min. | Typ. | Max. Unit Note

Output voltage VRer 1.2 1126 132| V
Slope resistance RRer — | 05 [ 1.0 1
Reference current lRer 16 | — 12 | mA
Temperature coefficient — 30 | 100 | ppm/°C
Shaping capacitance Cs 0.1 — — | uF
External resistance Rext 100 | — — | Q 2
R.M.S. noise voltage

1 Hz to 10 kHz — 6 — | wVv
Power supply rejection ratio | PSRR — 60 — | dB 3

Vgrer = 1.26V

IRep= 2-5mA

Vee = 5.0V
VRggE drift at 125°C oVREF — 10 | — ppm/1000 hours

— 100 | — ppm/year

Note 1 IREF =5 mA

Note 2 Rexr = (Ve - Veer)/Irer

Note 3 PSRR = Reyr/Rper



ZN423

DERATING CURVE

Reference current lgeg (max.) vs Operating temperature.

»
&

12

IRe,(Max) mA

-55 -40 -20 0 +20 +40 +60

Operating Temperature

Slope resistanceffvs Frequency (lggg = 5 mA).

°C

+80

+100

+125

IREF= 5mA

-

e
©

OUTPUT RESISTANCE —.n
o (=]
o N

o
S

©
=

10! 100 10! 102 103
FREQUENCY — Hz



ZN423

APPLICATIONS
1. 5 Volt, 0.5 Amp Power Supply.

C3 —_

ov

N +5V
75170,0, /l
+ 1
R2§620 ! 100kF
AN

IN423

D
3 4+ 14 ov
ZNL24LE

L 6 7177

0
N 6 [25170.0, ZTx108

——P—e r

2200F 2L, 3k 1
ov ! Lwan
2 865

Figure 1.

This circuit is essentially a constant current source modified by the feedback components R, and Ry
to give a constant voltage output.

The output of the ZN424E need only be 2 volts above the negative rail, by placing the load in the
collector of the output transistor Tr,. Current circuit is achieved by Try and Rg This simple circuit has
the following performance characteristics :

Output noise and ripple (Full load) = 1 mV r.m.s.
Load regulation (0 to 0.5A) = 0.1%.
Temperature coefficient = 4100 ppm/°C.
Current limit = 0.65A.



ZN423

2. 5 Volt, 1.0 Amp Power supply.

LEGT

L 2N3055
Tra
03 & 0, 4 Re

N KSO91A [ZN4 23 2Watts

.
R, 3 ﬁl Cs
L7pF,25vw47pF,25V

Figure 2.

The circuit detailed in Figure 2 provides improved performance over that in Figure 1. This is achieved
by feeding the ZN423 reference and the ZN424E error amplifier from a more stable source,
derived from the emitter-follower stage (Tr,). The supply rejection ratio is improved by the factor

4
R,/Rg, where Rg is the slope resistance of D3. The output voltage is given by: (&R'3—R4).VREF and
may be adjusted by replacing R3 with a 220Q and a 5002 preset potentiometer.

The output is protected against short circuits by Tr, setting a current limit of 1.6A.

210



ZN423

3. 0to 12 Volt, 1 Amp Power Supply.

V|
Ry g 22k szoe | !
i

‘ 'j Tr2
. !
- 1 2TX450
! \LN ey s |
: }ZNLZL.E WV
| 4000uF & 2N3055
“000pF 2=¢ 1% 6
4ov ] "1 Output control
Fi C
75278 250F | |KS180A MP Ry, <Ry50%7
—ot ch: =X 0s VRS, 1k VRGJO:‘ Rg Z7X300 470 S 2Wans
L 20| 0y R. 5
éo 21k
20
N %O 25278 KSO91A | ZN423 | L,
1l 0 & O7 & | Toipr
02 100pF | !
4OV 3
coacl I I |
03 | J27x500
Trt
25278 R2§12k i * 2TX500
i< 864
T
0,

Figure 3.

The above circuit provides a continuously variable, highly stable voltage for load currents up to 1A.
The output voltage is given by: Vg = (V—R%_—\lﬁé—) VReE
4

and is controlled by Vg5 and Vg Which should be high quality components (preferably wire wound).

The emitter follower stages Try and Tr, buffer the bias and reference from the output stage. The
negative rail allows the output to operate down to 0 volts.

The current limit stage monitors output current through R,5. As the potential across R increases
due to load current, Tr, conducts and supplies base current for Trs, thus diverting part of the output
from the ZN424E, via Tr3 to Trs.

Shaping is achieved by the network Cg, Rg together with the output decoupling capacitors which
also maintain low output resistance at frequencies above 100 kHz.
The power supply has the following performance characteristics:

Output noise and ripple (Full load) <100 uV r.m.s.

Output resistance (0 to 1 Amp) 1 mQ

Temperature coefficient 1100 ppm/°C



ZN423

4. Variable Current Source, 100 mA to 2 Amps.

20V.Max
>+ R 6V.Min
680 05 &----- 10
C3==1puF Set
] current
IN423
0, 4 ‘_2\
1
.L IN424E >6—-—-——@ BC 327
c. <t 100F 500 7 r
1T 40V I———4+
Vin
] 2N 3055
Tr2
RL%IJO
—o+
Rl§l-8k
O- 866

In this circuit the output current is set by the resistor R in the collector of Tr,, which may be switched
to offer a range of output currents from 100 mA to 2A with fine control by means of VR3 which

Figure 4.

varies the reference voltage to the non-inverting input of the ZN424E.

The feedback path from the output to the inverting input of the ZN424E maintains a constant
voltage across R, equal to (Vcc—V;,) and hence a constant current to the load given by

(Vec - Vin)/R.



FERRANTI
semiconductors ZN458,A, B

2,45 V Precision Voltage Reference

FEATURES

Guaranteed 5 mV maximum deviation over full temperature range
Low temperature coefficient 0-003%/°C

Low slope resistance - 0-1Q

Very good long term stability - 10 ppm

Low noise-10 puV

Internally shaped

Tight tolerance +1-43%

Two pin package

Wide operating current 2—-120 mA

DESCRIPTION

The ZN458 is a monolithic integrated circuit providing a precise stable reference source
of 2-45 volts in a two lead package without the need for an external shaping capacitor.

5,6:0,250
g ¥ G, H— 4,720,150
'Rl!si—-Rg.F
3 IRef | | 4,8:0,8
VREF
U1 g
12,7
% .80 MM
o

% BANO

GAP
REFERENCE

Circuit Diagram Pinning Configuration
Dimensions in millimetres



ZN4581 Al B

MAXIMUM RATINGS
Dissipation .. ..

Operating Temperature Range
Storage Temperature Range

300 mW
-20to +70°C
-55 to +160°C

ELECTRICAL CHARACTERISTICS (at 25 °C ambient temperature unless otherwise stated).

Parameter Symbol | Min. | Typ. | Max. Unit Test Conditions
Output Voltage Veer |2-42{2-45|2-49 v Measured at 2 mA
Slope Resistance Rper — |01 }10-2 Q
Reference Current lner 2.0 — | 120 mA
Maximum Change ZN458 | AVpgp | — | 10 | 17
in VRer ZN458A — 6 |85 mV 0°to +70°C
ZN458B — 4 5
RMS Noise Voltage 1 Hz to 10 kHz| —_ 10 — Y
Vper Drift at 70°C — | +£10| — |ppm/1000
hours
DYNAMIC IMPEDANCE
L 1 =398
L T
:
% iRet=2MA
Ero
€ Va ]
2 ln.a:?OmA’
VD
1‘ ﬂ: /
o0n 1.0 10 100

Frequency (kHz)




FORWARD CHARACTERISTIC

ZN458,A,B

TEMPERATURE CHARACTERISTIC

(Typical)
100 1
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TEMPERATURE CHARACTERISTICS
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ZN458,A,B

DERATING CURVE
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FERRANTI
semiconductors ZNREF SERIES

| ZNREF Low Power Precision Reference Sources

FEATURES
® Trimmable output
® Excellent temperature stability
® Low output noise figure
® Available in two temperature ranges
® 1, 2 and 3% initial voltage tolerance versions available
o ilisi citor required in most cases
No external st.abn ing capacitor requi i ) 7018 PACKAGE
® Low slope resistance

TO-39 (6 Lead) PACKAGE

DESCRIPTION

The ZNREF series is a range of monolithic integrated circuits providing precise stable reference
voltages from 2.5 volts (ZNREF025) to 10 volts (ZNREF100).

The range features a knee current of 150uA and operation over a wide range of temperatures and
currents.

The devices are available in metal can packages with one of the pins offering a trim facility whereby
the output voltage can be adjusted using the circuits overleaf - (Fig. 2 for ZNREF100 and Fig. 1
for other voltages). This facility is used when compensating for system errors or setting the reference
output to a particular value. When the trim facility is not used the relevant pin should be left open
circuit.



ZNREF SERIES

Fig. 1 ZNREF025/040/050 and 062

VCC - VREF

Irer

Fig. 2 ZNREF100

VCC - VREF

IREF

3-18

TRIM CIRCUIT
Vee AMRMP VReF
O L 2 ? —O 'RE
|
|
1 |
|
$
> PTIONAL
2——--)3 Ry = 100K (?RMONA
¢; FACILITY)
I
3 I
|
o . °
ov e ov
TO-18 PACKAGE
N.B. Case is internally connected to OV
Vee TRIM CIRCUIT
[ (BOTTOM VIEW)
Noext. conn. 6 1 No ext conn.
% o O
O
Trim 5 2 OV
?
VREF ! +5V
Output | : Output
!_VA A Al
N
H 1
]
v S —— J
VREF GND

No connection should be made to pins 1 and 6



ZNREF SERIES

Type Number Nominal Maximum Dynamic Trim Package
Output Operating Impedance Range
Voltage* Current (mA) Typ. Max.

ZNREF025 2.50 10 1.5 2.0 +5% TO-18

ZNREF040 4.01 75 2.0 3.0 +5% TO-18

ZNREFO50 4.90 60 1.5 2.0 +5% TO-18

ZNREF062 6.17 50 2.0 3.0 +5% TO-18

ZNREF100 9.80 50 3.0 4.0 +2.5% 6 lead
TO-39

*Measured at 500uA

ORDERING INFORMATION

Device Tol. % (max.)T.C. {ppm/°C) Temperature Range
ZNREF TA1 1

50
ZNREF tA2 2 -55to +125°C
ZNREF A3 3 80
ZNREF C1 1

50
ZNREF c2 2 0 to +70°C
ZNREF C3 3 60

+AB Grade (— 55 to +110°C) for ZNREF062



ZNREF SERIES

PACKAGE OUTLINE
Dimensions in mm.
(TO-18)

s
12,7
MIN
|
|

T

CONNECTION DIAGRAM

TO-18 Metal Can
(Bottom View)

VREF

TRIM

OV (GND)

(TO-39)
s S
:;1!
"
U 1
TO-39 Metal Can
(Bottom View)
No ext.conn.6 1 No ext. conn.
(o] (o)
Trim 5| © o })20v
(o] (o]
VREF 4 3 +5V
Output Output



FERRANTI

semiconductors ZNREF 025

» 2.5 Volt Low Power Precision Reference Source

FEATURES

* Trimmable output

¢ Excellent Temperature Stability

* Low output noise figure

® Low Dynamic Impedance

e Available in two temperature ranges

* 1%, 2% and 3% initial voltage tolerance versions available

TO-18 PACKAGE

DESCRIPTION

The ZNREFO25 is a monolithic integrated circuit providing a precise, stable reference source of
2.5 volts in a three pin TO-18 metal can transistor package.

The use of the third pin is optional and enables Vggr to be trimmed by +5%. This is useful for
taking out system errors or setting Ve to specific values, e.g. 2.500 volts for a standard
calibration source or 2.56 volts for binary systems.

TRIM CIRCUIT
R
Vee o, A * * o "REF
|
I
1 I
|
$
_ : PTIONA!
_ Vec— Vrer ———=»3 Ry= 100K e A
R=_— 2 S FACILITY)
Irer i
3 i
|
.
ov®@ - hd Ooy

T0-18 PACKAGE

N.B. Case is internally connected to OV



ZNREF 025

ABSOLUTE MAXIMUM RATINGS

Reference Current
Power Dissipation

Operating Temperature Range

Storage Temperature Range ..

Soldering temperature for a maximum time of 105
within /45" of the seating plane
within 1/3," of the seating plane e e e
*Below —25°C this figure should be linearly derated to 1.5mA maximum at —55°C.

10mA*

300mW

See below
-55to +175°C

300°C
265°C

TEMPERATURE DEPENDENT ELECTRICAL CHARACTERISTICS

Initial Grade A Grade C
Parameter Symbol | _Voltage |_55 t0 125°C| 0 to 70°C Units
Tolerance
% Typ. | Max. | Typ. | Max.

Output voltage change 1&2 16.0 | 22.5 2.7 8.8
over relevant AVger mV
temperature range 3 25.0 | 36.0 3.2 10.5
(See Note {a))
Output voltage
temperature coefficient TCVRer ! Esf 2 gg gg }g gg ppm/°C
(See Note (b))

ELECTRICAL CHARACTERISTICS (at T,,,,=25°C and Pin 2 o/c unless otherwise noted).
(LOAD CAPACITANCE should be less than 220pF or greater than 22nF).

Parameter Symbol Min. | Typ. | Max. Units Comments
Output voltage Vger
1% Tolerance (A1 C1) 2.475(2.500|2.525
2% Tolerance (A2 C2) 2.450(2.500|2.550 \" Irer = 500pA
3% Tolerance (A3 C3) 2.425/2.500(2.575
Output voltage adjustment AVigim - +5 - % Ry =100k
range
Change in TCVgge with output | TCAVygm - 0.8 - [ppm/°C/%
adjustment
Operating current range IRer 0.15 - 10 mA See Note (c)
Turn-on time ton - 40 - _
Turn-off time toss - 0.3 - us RL=1ka
Output voltage noise (over the €np-p - 50 - uV Peak to peak
range 0.1Hz to 10Hz) measurement
Irer 0.5mA
Slope resistance Rrer - 1.5 | 2.0 Q to 5mA
See Note (d)




ZNREF 025

NOTES

a) OUTPUT CHANGE WITH TEMPERATURE (AVggr) the absolute difference between the
maximum output voltage and the minimum output voltage over the specified temperature range

AVREF = Vmax ~ Vmin
b) OUTPUT TEMPERATURE COEFFICIENT (TCVgg)

The ratio of the output change with temperature to the specified temperature range expressed
in ppm/°C.

6
TCVgee = AVger x 107 ppm/C° AT = Full temperature change.
VREF x AT

c) OPERATING CURRENT (lggg)

Maximum operating current must be derated as indicated in Maximum Ratings.
d) SLOPE RESISTANCE (Rggr)

The dynamic impedance is defined as

Rrer = CHANGE IN Vgegr OVER SPECIFIED CURRENT RANGE

Alggr
Algge = 5-0.5 = 4.5mA (typically)

e) LINE REGULATION
The ratio of change in output voltage to the change in input voltage producting it.

Rper X 100 %/V Rs = Source resistance.
Verer X Rg
DYNAMIC IMPEDANCE ""¢iwCa)
10a ; ! T : : e
: H ; : S=zasi
2 T T H H
s T i {
: b
, _/——-‘ [
1B
‘ LA L1 |
g 0y H
g H
g s |
£ Test creur (1]
, H
) H
| [ T TTIIIM [T TTIT
T o« seTesi 1 3 e seres 1 3 cseven 1 3 < serem
Hz 10 100 Tk 10k
Frequency - Hz
TYPICAL TEMPERATURE CHARACTERISTIC
2.51
[
5
e
w
22.50 pa!
g2.
=t T~
S Jrsma *
-
&
5 * WORST CASE
52.49,
150 uA
-50 -25 0 25 50 75 100 125

TEMPERATURE °C 3-23



ZNREF 025

ORDERING INFORMATION

DEVICE TOL % max.)T.C.(ppm/°C) Temp. Range
ZNREF A1 1 —55°C to

50
ZNREF A2 2 + 125°C
ZNREF A3 3 80
ZNREF c1 1

50 0°C to + 70°C
ZNREF c2 2
ZNREF C3 3 60

Iner DERATING FOR ZNREFO25A

rer
(ma)

-55 45 -35 25 -15 E »

TEMPERATURE(°C)

CONNECTION DIAGRAM
TO-18 Metal Can (Bottom View)

VREF

OUTPUT
ADJUST

GND

PACKAGE OUTLINE
(TO-18) Dimensions in mm.

856

»

12,7
MIN

#0,46

BS.3934
JEDEC

SO-12A
TO-18

Tn



FERRANTI
semiconductors

ZNREF 040

4 VVolt Low Power Precision Reference Source

FEATURES

® Trimmable output

® Excellent Temperature Stability
® Low output noise figure

® Low Dynamic Impedance

® Available in two temperature ranges
® 1, 2 and 3% initial voltage tolerance versions available

e TO-18 PA
® No external stabilising capacitor required in most cases CKAGE

DESCRIPTION

The ZNREF040 is a monolithic integrated circuit providing a precise, stable reference source of4
voits in a three pin TO-18 metal can transistor package.

The ZNREF040 is unconditionally stable under all load conditions without the need for an
external shaping capacitor.

The use of the third pin is optional and enables Vger to be trimmed by +5%. This is useful for
taking out system errors or setting Vger to specific values, e.g. 4.000 volts for a standard
calibration source or 4.096 voits for binary systems.

TRIM CIRCUIT
R
Vee o, AAAAA ° * o REF
I
I
1 I
4
R= Vee — Vrer ____\’;» Ry= 100k (QETIONAL
R eRrs
Irer 2 g FAcLTY)
]
I
3 i
|
é °
ov® - - ov

TO-18 PACKAGE

N.B. Case is internally connected to OV



ZNREF 040

ABSOLUTE MAXIMUM RATINGS

Reference Current .. .. .. .. .. .. . . . . . .. 75mA*

Power Dissipation .. .. e e e e e e ... .. 300mW
Operating Temperature Range e ev e e 4o wv .. .. .. See below
Storage Temperature Range .. .. .. .. . .. —bbto +175°C
Soldering temperature for a maximum time of 105

within 1/,6” of the seating plane .. .. .. .. .. .. .. .. 300°C

within 1/3,” of the seating plane .. .. 265°C

*Above 25°C this figure should be linearly derated to 25mA at +125°C.

TEMPERATURE DEPENDENT ELECTRICAL CHARACTERISTICS

Initial Grade A Grade C
Parameter Symbol | Voltage |_55 15 125°C| 01to 70°C | Units
Tolerance
% Typ. | Max. | Typ. | Max.

Output voltage change 1&2 25.6 36 4.2 14
over relevant AVRer mV
temperature range 3 40 57 5.1 16.8
(See Note (a))
Output voltage
temperature coefficient TCVRer 1 g 2 gg 28 12 28 ppm/°C
(See Note (b))

ELECTRICAL CHARACTERISTICS (at T,,,,=25°C and Pin 2 o/c unless otherwise noted).

Parameter Symbol Min. | Typ. | Max. Units Comments
Output voltage VRer
1% Tolerance (A1 C1) 3.97 | 4.01 | 4.05
2% Tolerance (A2 C2) 3.93 | 4.01 | 4.09 \Y |lrer = 500 A
3% Tolerance (A3 C3) 3.89 | 4.01 | 4.13
Output voltage adjustment AVirm - +5 - % Rt =100kQ
range
Change in TCVgge with output| TCAVigm - 0.8 - |ppm/°C/%
adjustment
Operating current range IRer 0.15 | - 75 mA See Note (c)
Turn-on time ton - 40 - _
Turn-off time togs - 03| - uS RL=1ka
Output voltage noise (over the €np-p - 50 - wV Peak to peak
range 0.1Hz to 10Hz) measurement
. lper 0.5mA
Slope resistance RRer - 2 3 Q to BmA,
See Note (d)




ZNREF 040

NOTES
(a) OUTPUT CHANGE WITH TEMPERATURE (AVg7) the absolute difference between the maximum
output voltage and the minimum output voitage over the specified temperature range
AVOT =Vmax = Vmin
(b) OUTPUT TEMPERATURE COEFFICIENT (TCV,)
The ratio of the output voltage change with temperature to the specified temperature range expressed
in ppm/°C.
TCV, = M ppm/°C AT = Full temperature change.
VO x AT
(c) OPERATING CURRENT (lggg)
Maximum operating current must be derated as indicated in Maximum Ratings.
(d) DYNAMIC IMPEDANCE (Rp)
The dynamic impedance is defined as
Rp = CHANGE IN Vo OVER SPECIFIED CURRENT RANGE
Alger
Algge =5 - 0.5=4.5mA (typically)

(e) LINE REGULATION (AVg)
The ratio of the change in output voitage to the change in input voitage producing it.

AVgL = Bpx 1004,y Rs = Source resistance
Vo x R S

DYNAMIC IMPEDANCE (TYPICAL)
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ZNREF 040

ORDERING INFORMATION

DEVICE TOLERANCE (%) T.C. (Max) — ppm/°C Temperature Range
ZNREF040 A1 1
ZNREF040 A2 2 % -55°C to +125°C
ZNREF040 A3 3 80
ZNREF040 C1 1 50
ZNREF040 C2 2 0°Cto +70°C
ZNREF040 C3 60
IperF DERATING FOR ZNREF 040
IReF
(mA)
7%
50 \
25
(4] 25 S0 75 00 125
TEMPERATURE (°C)
CONNECTION DIAGRAM -
TO-18 Metal Can (Bottom View) r-;\oc '-,(8‘} %Erv?el:\:ilalr?‘sEin mm.
Veer S
HAJS
|
OUTPUT y
ADJUST 1T
!
GND ] fo7e
MAX T
12,7
MIN
_JLgouss
BS.3934 SO-12A
JEDEC TO-18
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FERRANTI

semiconductors ZNREF 050

5 Volt Low Power Precision Reference Source .

ADVANCE PRODUCT INFORMATION

FEATURES

¢ Trimmable output

* Excellent Temperature Stability

¢ Low output noise figure

¢ Low Dynamic Impedance

¢ Availablein two temperature ranges

* 1%, 2% and 3% initial voltage tolerance versions available
* No external stabilising capacitor required

TO-18 PACKAGE

DESCRIPTION

The ZNREFOS50 is a monolithic integrated circuit providing a precise, stable reference source of
5 volts in a three pin TO-18 metal can transistor package.

The ZNREFO50 is unconditionally stable under all load conditions without the need for an
external shaping capacitor.

The use of the third pin is optional and enables Vg to be trimmed by +5%. This is useful for
taking out system errors or setting Vggr to specific values.

TRIM CIRCUIT
R
vee Ao * O 'REF
|
Vee — V, !
R= CC REF 1 ‘
I 4
REF R (OPTIONAL
~——=*< Ry=100K TRIM
: 2; FACILITY)
|
3 I
|
o .
ov e e Oov

TO-18 PACKAGE

N.B. Case is internally connected to OV
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ZNREF 050

ABSOLUTE MAXIMUM RATINGS

Reference Current
Power Dissipation

Operating Temperature Range
Storage Temperature Range ..
Soldering temperature for a maximum time of 105

i

within 1/,¢

of the seating plane

within 1/3, of the seating plane
*Above 25°C this figure should be linearly derated to 20mA at + 125°C.

60mA*

300mwW

See below
-55to +175°C

300°C
265°C

TEMPERATURE DEPENDENT ELECTRICAL CHARACTERISTICS

Initial Grade A Grade C
Parameter Symbol | _Voltage |_55 15 125°C| 0 to 70°C Units
Tolerance
% Typ. | Max. | Typ. | Max.

Output voltage change 1&2 32 45 5.4 17.2
over relevant AViger mV
temperature range 3 51 72 6.4 20.6
(See Note (a))
Output voltage
temperature coefficient TCVger ! g 2 g? 28 12 28 ppm/°C
(See Note (b))

_ELECTRICAL CHARACTERISTICS (at T,,,=25°C and Pin 2 o/c unless otherwise noted).

Parameter Symbol Min. | Typ. | Max. Units Comments
Output voltage VRer
1% Tolerance (A1 C1) 4.85 490 4.95
2% Tolerance (A2 C2) 4.80 | 4.90 | 5.00 \% lger = 5O0uA
3% Tolerance (A3 C3) 4.75 | 4.90 | 5.05
Output voltage adjustment AVigm - +5 - % Rt =100kQ
range
Change in TCVgge with output | TCAVyam - 0.8 - ppm/°C/%
adjustment
Operating current range IRer 0.15 - 60 mA See Note (c)
Turn-on time ton - 40 - _
Turn-off time toss - 0.3 - us RL=1k8
Output voltage noise (over the €npp - 50 - uV Peak to peak
range 0.1Hz to 10Hz) measurement
lrer 0.5mA
Slope resistance RRer - 1.5 2 Q to 5mA
See Note (d)




NOTES ZNREF 050

a)

b)

c)

d)

e)

OUTPUT CHANGE WITH TEMPERATURE(AVoT) the absolute difference between the maximum
output voltage and the minimum output voltage over the specified temperature range

VOT = Vmax —Vmin
OUTPUT TEMPERATURE COEFFICIENT (TCVo)

The ratio of the output voltage change with temperature to the specified temperature range
expressed in p.p.m/°C.

TCV, =AVgr % 108 ppm/°C AT = Full temperature change.
Vo x AT

OPERATING CURRENT (lggg)

Maximum operating current must be derated as indicated in Maximum Ratings.

DYNAMIC IMPEDANCE (Rp)
The dynamic impedance is defined as

Rp = CHANGE IN Vo OVER SPECIFIED CURRENT RANGE
Alger
A'REF =5—-0.5 = 4.5mA (typlcally)

LINE REGULATION (AVg,)
The ratio of the change in output voltage to the change in input voltage producing it.

AV = Rp x 100 % /V Rs = Source resistance.
Vo, X Rg

DYNAMIC IMPEDANCE (TYPICAL)
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ZNREF 050

ORDERING INFORMATION

DEVICE TOL % (max.)T.C. (ppm/°C) Temp. Range

ZNREF Al 1 —55°C to
50

ZNREF A2 2 + 125°C

ZNREF A3 3 80

ZNREF Cc1 1 .
50 0°C to 70°C

ZNREF C2 2

ZNREF C3 3 60

IpeF DERATING FOR ZNREF0SO

IREF
(mA)
60
40
20
0 >
25 S0 75 100 125
TEMPERATURE (°C)
CONNECTION DIAGRAM PACKAGE OUTLINE
TO-18 Metal Can (Bottom View) (TO-18) Dimensions in mm.
Vrer - P58
HLJS
1
OUTPUT !
ADJUST | : s
!
GND “Tore

|
I
[
|
|
|
|

BS.3934 SO-12A
3-32 JEDEC TO-18



FERRANTI
semiconductors ZNREF 062

6.2 Volt Low Power Precision Reference Source

FEATURES

® Trimmable output

® Excellent Temperature Stability

® Low output noise figure

® Low Dynamic Impedance

® Available in two temperature ranges

® 1%, 2% and 3% initial voltage tolerance versions available

® No external stabilising capacitor required TO18 PACKAGE
DESCRIPTION

The ZNREF062 is a monolithic integrated circuit providing a precise, stable reference source of
6.2 volts in a three pin TO-18 metal can transistor package.

The ZNREF062 is unconditionally stable under all load conditions without the need for an
external shaping capacitor.

The use of the third pin is optional and enables Vggf to be trimmed by +5%. This is useful for
taking out system errors or setting Vggr to specific values, e.g. 6.000 volts for a standard
calibration source.

TRIM CIRCUIT
vee R v
O AAMAA * * —O REF
|
V c— VREF 1 :
R = L_____ |
| 4
REF < (OPTIONAL
——==*< Ry=100K TRIM
? :; FACILITY)
i
3 i
|
.
ovG ) oov
TO-18 PACKAGE 6506

N.B. Case is internally connected to OV



. ZNREF 062

ABSOLUTE MAXIMUM RATINGS

Reference Current .. .. .. .. .. .. .. .. .. .. .. .. BOmA*

Power Dissipation .. .. e e e ... ... .. 300mwW
Operating Temperature Range e e o .. .. .. .. .. .. See below
Storage Temperature Range .. .. .. .. .. .. —55t0 +175°C
Soldering temperature for a maximum time of 10s

within 1/,5” of the seating plane .. .. .. .. .. .. .. .. 300°C

within 1/3,” of the seating plane .. .. 265°C

*Above 25°C this figure should be linearly derated to 20mA at +110°C.

TEMPERATURE DEPENDENT ELECTRICAL CHARACTERISTICS

Initial Grade A B Grade C
Parameter Symbol | _Voltage |_g5 15 110°C| 0 to 70°C Units
Tolerance
% Typ. | Max. | Typ. | Max.

Output voltage change 1&2 26 40 6.5 22
over relevant AVggr mV
temperature range 3 50 71 11 26
(See Note (a))
Output voltage
temperature coefficient TCVger 1 g 2 gg ‘718 ;2 28 ppm/°C
(See Note (b))

ELECTRICAL CHARACTERISTICS (at T,,,,=25°C and Pin 2 o/c unless otherwise noted).

Parameter Symbol Min. | Typ. | Max. Units Comments
Output voltage VRer
1% Tolerance (AB1 C1) 6.11 | 6.17 | 6.23
2% Tolerance (AB2 C2) 6.05 | 6.17 | 6.29 \" Irer = 500uA
3% Tolerance (AB3 C3) 5.98 (6.17 | 6.36
Output voltage adjustment AVigm - +5 - % R =100kQ
range
Change in TCVggr with output TCAVtgim - 0.8 - ppm/°C/%
adjustment
Operating current range IRer 0.15 - 50 mA See Note (c)
Turn-on time ton - 40 - _
Turn-off time toss - o3| - us RL=1ka
Output voltage noise (over the €npp - 50 - uV Peak to peak
range 0.1Hz to 10Hz) measurement
Irer 0.5mA
Slope resistance Rrer - 2 3 Q to 5mA
See Note (d)
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ZNREF 062

NOTES
(a) OUTPUT CHANGE WITH TEMPERATURE (AVqr) the absolute difference between the maximum

output voltage and the minimum output voltage over the specified temperature range

AVOT =Vmax = Vmin

(b) OUTPUT TEMPERATURE COEFFICIENT (TCV,)

The ratio of the output voltage change with temperature to the specified temperature range expressed

in ppm/°C.

_ AVor x 108 o _
TCV,="92T"_~ ppm/°C AT = Full temperature change.
Vo x AT

(c) OPERATING CURRENT (lgg)
Maximum operating current must be derated as indicated in Maximum Ratings.
(d) DYNAMIC IMPEDANCE (Rp)
The dynamic impedance is defined as
Rp = CHANGE IN Vg OVER SPECIFIED CURRENT RANGE

Alggr
Alger=5 —0.56=4.5mA (typically)

(e) LINE REGULATION (AVq,)
The ratio of the change in output voltage to the change in input voltage producing it.

AVg, = Box1%0 4,y Rs = Source resistance
Vo X Rs

DYNAMIC IMPEDANCE (TYPICAL)

TEST CIRCUT

IMPEDANCE n

FREQUENCY - Hz

TYPICAL TEMPERATURE CHARACTERISTIC

Vrer
voLTs

618

617 Vi

-85 -40 -20 20 4«0 0 80 100 0]
125°C
TEMPERATURE -°C



ZNREF 062

ORDERING INFORMATION

DEVICE TOLERANCE (%) T.C. (Max) — ppm/°C Temperature Range
ZNREF062 A 1 1
ZNREF062 A2 2 40 —55°C to +110°C
ZNREF062 A3 3 70
ZNREF062 C1 1
ZNREF062 C2 2 50 0°Cto +70°C
ZNREF062 C3 3 60
1ger DERATING FOR ZNREF062
lReF
mA)
50
\
40 \
T~
30 \
20 ~
10
4]
20 40 60 80 100 120
TEMPERATURE (°C)
CONNECTION DIAGRAM PACKAGE OUTLINE
TO-18 Metal Can (Bottom View) (TO-18) Dimensions in millimetres
,,ﬂ 516,4
VREF R
|
OUTPUT
. 5
ADJUST '
- ‘g?e y . ¢
GND _ A =2
§So9 th]
MIN
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FERRANTI

semiconductors ZNREF100

10 Voit Low Power Precision Reference Source

FEATURES

¢ Trimmable output

¢ Excellent Temperature Stability

¢ Low output noise figure

¢ Low Dynamic Impedance

® Available in two temperature ranges

® 1, 2 and 3% initial voltage tolerance versions available 70-39 p
¢ No external stabilising capacitor required in most cases -39 (6 Lead) PACKAGE

DESCRIPTION
The ZNREF100 is a monolithic integrated circuit providing a precise, stable reference source of

10 volts in a six pin TO-39 metal can transistor package.
The ZNREF100 is unconditionally stable under all load conditions without the need for an

external shaping capacitor.
The use of the third pin is optional and enables Vggf to be trimmed by +2.5%. This is useful for
taking out system errors or setting Vggr to specific values.

TRIM CIRCUIT GND
(BOTTOM VIEW)

1 Ne ext conr

Optional Trim Facility



ZNREF 100

ABSOLUTE MAXIMUM RATINGS

Reference Current .. .. .. .. .. .. .. . .. .. . . bBOmA*

Power Dissipation R e e e ... .. .. .. bBOoOmW
Operating Temperature Range . .o .. .. . .. .. .. .. Seebelow
Storage Temperature Range .. .. . .. .. .. —5bbto +175°C
Soldering temperature for a maximum time of 103

within 1/,6” of the seatingplane .. .. .. .. .. .. .. .. 300°C

within 1/3,” of the seating plane U 265°C

*Above 25°C this figure should be linearly derated to 16mA at +125°C.

TEMPERATURE DEPENDENT ELECTRICAL CHARACTERISTICS

Initial Grade A Grade C
Parameter Symbol Voltage | _55 19 125°C| 0 to 70°C Units
Tolerance
% Typ. | Max. | Typ. | Max.
Output voltage change 182 64 90 10.8 | 34.4
over relevant AVger mV
temperature range 3 102 144 13 42
(See Note (a))
Output voltage
temperature coefficient TCVger 1 g 2 gg gg }g 28 ppm/°C
(See Note (b))

ELECTRICAL CHARACTERISTICS (at T,,,,=25°C and Pins 3 & 5 o/c unless otherwise noted).

Parameter Symbol Min. | Typ. | Max. Units Comme;ns
Output voltage VRer
1% Tolerance (A1 C1) 9.70 { 9.80 | 9.90
2% Tolerance (A2 C2) 9.60 | 9.80 | 10.00 \Y, lger = 500 A
3%. Tolerance (A3 C3) 9.51 |1 9.80 | 10.09
Output voltage adjustment AVipim - +2.5 - % Rt =100k
range
Change in TCVggr with output | TCAVrgm - 0.8 - ppm/°C/%
adjustment
Operating current range Irer 0.15 - 50 mA See Note (c)
Turn-on time ton - 40 - _
Turn-off time togs - 0.3 - us RL=1ka
Output voltage noise (over the €np-p - 50 - uV Peak to peak
range 0.1Hz to 10Hz) measurement
IHEF 0.5mA
Slope resistance Rrer - 3 4 Q to 5mA
See Note (d)




ZNREF 100

NOTES

a)

b)

c)

d)

e)

OUTPUT CHANGE WITH TEMPERATURE(AVoT) the absolute difference between the maximum
output voltage and the minimum output voltage over the specified temperature range

VOT = Vmax —Vmin
OUTPUT TEMPERATURE COEFFICIENT (TCVo)

The ratio of the output voltage change with temperature to the specified temperature range
expressed in p.p.m/°C.

TCV, =AVot x 108 ppm/°C AT = Full temperature change.
Vo x AT
OPERATING CURRENT (lgg)
Maximum operating current must be derated as indicated in Maximum Ratings.
DYNAMIC IMPEDANCE (Rp)
The dynamic impedance is defined as
Rp = CHANGE IN V5 OVER SPECIFIED CURRENT RANGE
Alger
Alggr = 5—0.5 = 4.5mA (typically)

LINE REGULATION (AVg,)
The ratio of the change in output voltage to the change in input voltage producing it.

AVgL = Rp x 100 % /V Rg = Source resistance.
Vo X Rg

OYNAMIC IMPEDANCE (TYPICAL

TEST CIRCUM | [
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ZNREF 100

TYPICAL TEMPERATURE CHARACTERISTIC

Vags
VOLTS
9.9
98 —— - va
W
97 Va
9.6 14
-85 -40 -20 0 20 «0 60 80 00 0]
125°C
TEMPERATURE - °C
Ier DERATING FOR ZNREF100
IreF
(mA)
50 \
40 \
30 \\
20 Iy
10
0 25 50 75 00 125

3-40

TEMPERATURE (°C)




ZNREF 100

ORDERING INFORMATION

DEVICE TOL % (max.)T.C. (ppm/°C) Temp. Range
ZNREF100 A1 1 —55°C to
50
ZNREF 100 A2 2 + 1256°C
ZNREF100 A3 3 80
ZNREF 100 C1 1
50 0°C to 70°C
ZNREF 100 C2 2
ZNREF100 C3 3 60
CONNECTION DIAGRAM PACKAGE OUTLINE
TO-39 Metal Can (Bottom View) (TO-39) Dimensions in mm.
TO -39 (6LEAD) METAL CAN . e
(BOTTOM VIEW) pER
No ext.conn.6 1 No ext. conn. ;”
o O
Trim S| o o }j20v |
o o© |
v +8 u
oneh & 3 ot i
00.¢63——— |1 9f & !
WUl .
..Jf,',tm*
“L‘.,:,.%’ o
90, A

TO-39 (6 Lead) PACKAGE



4. Telecom Circuits
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Delta Sigma Modulator/Demodulator
Single Chip Synchronous Codec
Microphone Amplifier with Bridge
Tone Ringer with Dial Pulse Reject
Microphone Amp. with Half Bridge
Microphone Amp. with Bridge
Microphone Amp. with Bridge
Microphone Amp. Low Voltage
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Eight Channel Time Slot Assigner
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FERRANTI
semiconductors ZNPCMI

Single Channel Codec

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 multiplex applications). 24-lead D.IL.

Optional alternate digit inversion.

Electrically and pin compatiblewith AY-3-9900
Fully TTL compatible.

Requires only a single 5V supply.

DESCRIPTION

The ZNPCM1 integrated circuitis the result of ajointdevelopment programme between
the British Post Office and Ferranti Electronics Limited. Designed for use in single
channel codec systems the device accepts a delta-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 compiies 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.



ZNPCM1

ABSOLUTE MAXIMUM RATINGS
Supply Voltage, Ve

Input Voltage, V|5

Operating Temperature Range

Storage Temperature Range

RECOMMENDED OPERATING CONDITIONS

+7
+5.5
0°Cto +

Volts
Volts
70°C

. —65°C to +150°C

Parameter Min. | Nom. | Max. | Unit
Supply Voltage, Ve 475 5.0 525 |V
High-level Output Current, Iy — — -400 | A
Low-level Output Current, 1o —_— — 4 mA
Operating Temperature Range, T, ,,p 0 — 70 °C
ELECTRICAL CHARACTERISTICS (over recommended operating temperature range).
Parameter Test Conditions Min. | Typ. | Max. | Unit
Viy  High level input voltage 25 — —_ "
ViL Low level input voitage —_ — 08 |V
Von  High level output voltage | Ve = Min,, Igy = Max. 24 3.5 — |V
VoL Low level output voltage | Vcc = Min,, I = Max. — —_— 04 |V
Iin High level input current Vee = Max., Vi = Min. — 0.2 04 | mA
by Low level input current Vee = Max,, V| = Max. —_ -1 -10 | vA
lcc  Supply current Vee = Max. — 80 110 [ mA
t,nw  Encoder timing vector —_ 488 — | ns
pulse width
t,y Encoding timing vector — — 100 | ns
pulse width with edge
variation
tww Decoder timing waveform 10 15.6 — us’
pulse width
fnax 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




ZNPCM1

PIN CONFIGURATIONS

Pin Notation Comments
1 ov
2 MS MODE SELECT (Note 1)
Logic O = External pcm 1/0 interface timing
Logic 1 = Internal pcm 1/0 interface timing
3 DS1 DECODER SELECT 1 and 2 (Note 2)
4 DS2 A two bit binary word selects required digit delay between encoder and
decoder.
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 QUTPUT
Sign bit from the encoder, used to operate on the delta-sigma modulator
toreduce d.c. offset effects.
1 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.




ZNPCM1

PIN CONFIGURATIONS (continued)

Pin Notation Comments

18 DTW DECODER TIMING WAVEFORM o
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
at atime 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 O to 3 periods may
be selected resulting in a controlled shift of decoder timing in order to re-align Bit 1 in its correct
positionin the inputregister.

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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ZNPCM1

TIMING DIAGRAM

ENCODER
A f * TIMING VECTOR
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c T ACCUMUL ATOR CLEAR
LINEAR TO
‘A LAW'
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e TLMLMULLLM LML L L LU S Redidner 0
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F 18 M2 (3 ]als]e]7]8yYl]2] SHIFT REGISTER OUTPUT
6 _ LA LLNL UL L L LEL bektiz CLOCK TO OUTPUT
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| —ston BT | —sion BIT
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ZNPCM1

TIMING DIAGRAM

DECODER
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APPLICATIONS INFORMATION
(a) A Single Channel Codec

Fig. 1 shows a block diagram of a single channel Codec using the ZNPCM?1. 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
ZNPCM?1 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 modulator/demod-
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 |.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 resulted 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.



ZNPCM1

i1 FORO <N <15
ey

122 FOR16< N < 31 -
2048kHz
- 204¢
8 BIT COUNTER TCLOCK
U Tmine 8 8 e 1
Srwh WAVEFORM |1 {

DTw2 ——L_GENERATION ]

58I
ADDRESS
20i8kHz ?«
CLOCK ! MULTIPLEXER |—e 2048kHz
3y [PEMULTIPLEXE SHIFT CLOCK

B

SCE
CODEC a0 %— PCM OUT
N PCMo——s—S MULTIPLEXER —+—1
PeMI— 3
i
DTWII) 0
N—1 PCM IN
A EMuLTIPLEXER ——

6027

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 multiplexer 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. 5 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 effecti