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8-BIT MICROPROCESSOR COMPATIBLE A-D CONVERTERS
The ZN447, ZN448 and ZN449 are 8-bit, successive
approximation A-D converters designed for easy interfacing ___ L\
to microprocessors. All active circuitry is contained on-chip GUSY (eMo 0F coRversio) [ 1 18 {1 ogs 158)
including a clock generator and stable 2.5V bandgap 70 outeut enaste) [ 2 T 17
reference.
Only a reference resistor and capacitor, clock resistor and _ auoek s B
capacitor and input resistors are required for operatlon with ¥R (sTanT convension) [] 4 15[] o8a
either unipolar or bipolar input voitage. aen(]s 141 oae
FEATURES val]s 13| oa
Easy Interfacing to Micropraocessor, or operates as a N— i '
‘Stand-Alone* Converter 121108
B Fast 9 microseconds Conversion time Guaranteed v ot ({8 11 s sy
B Choice of Linearity: 0.3 LSB — ZN447, 0.5 LSB — shoukn [ o 10[] +vestrin
ZN448, 1 L.SB — ZN449
B On-Chip Clock ZN447/8/9E (DP18)
B Choice of On-Chip or External Reference Voltage
n Unipolar or Bipolar Input Ranges USY (END OF convenston) [T ] | 1 18| ] oBoquse
M Commercial Temperature Range d (outpuT enaete) [T |2 17| oas |
. croek [T |3 16 {["T7] 082 \
ORDERING INFORMATION W (sTaRT convensiom (] |4 15[ T 03 ’ |
Device Linearity Operating .
type error(L.SB) temperature Package nmi s “ 3@.]?“;
Ve 6 ) 13 [1]:1]
ZN447D 0.3 0°Cto +70°C MP18 e |7 | —
ZN447E 0.3 0°Cto +70°C DP18
ZN448D 05 |o0°Cto +70°C MP18 Vrer 0UT(IL] 18 LE]os: tse)
ZNJ448E 0.5 0°Cto +70°C DP18 cRoukD (7| fo 10T +Vec fe50
ZN449D 1 0°Cto +70°C MP18
ZN449E 1 0°Cto +70°C DP18 Nottoscale  2ZNA447/8/9D (MP18)
Pin connections - top view
e e ———
| COMPARATOR
ANALOGUE 6 - 5
INPUT ,° i ? Rext
VRer IN ?7——— 8-BIT DAC >—— I
s |
VREF OUT O
CLOCK 3. CKRCOR
: REFS‘F?;INCE GENERATOR OI EXT CLOCK
! ! o)
| e mti:gxcs —T WR
SUCCES:!
CONTROL
GROUND 09 APPROXIMATION REGISTER ONTRQ 1 I e
Vee (+5v) 010 | [ | | [ I '
3-STATE BUFFERS o 25 AD

|
I_______J,‘_‘__

Tl le

N N

Fig.1 System diagram
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ABSOLUTE MAXIMUM RATINGS
Supply voltage Vce +

Max. voltage, logic and Vrer inputs

Operating temperature range
Storage temperature range

3764522 00l27L2 9 EAPLSB

GEC PLESSEY SEMICONDS

+7v
+Vce

T-51-10-08

- 0°C to +70°C (MP and DP packages)
-55°C to +125°C

ELECTRICAL CHARACTERISTICS (Voo = +5V, Tymp=25°C, fox=900kHz, unless otherwise

specified).
Parameter Min. | Typ. | Max. Units Conditions
ZN447 ‘
Linearity error - - +0.3 LSB
Differential linearity error - - +0.5 LSB
Zero transition 10.5 | 12 | 135 mvV MP package
(00000000—+00000001} 13.5 15 16.5 mvV DP package
Full-scale transition 2.548|2.550 | 2.552 A Vger = 2.560V
(11111110-11111111)
ZN448
Linearity error - - +0.5 LSB
Differential linearity error - - +0.75] LSB
Zero transition 9 12 15 mV MP package
(00000000~ 00000001) 12 15 18 mv DP package
Full-scale transition 2.5452.550| 2,555 Y Vper = 2.560V
(11111110-11111111) ’
ZN449 )
Linearity error - - +1 LSB
Differential linearity error - - +1 LSB
Zero transition 7 12 17 mV MP package
(00000000—00000001) 10 15 20 mv DP package
Fuli-scale transition 2.54212.5602.558 \") Vger = 2,660V
(00000000—11111111)
All types
Resolution 8 - - bits
Linearity temperature coefficient - +3 - ppm/°C
Differential linearity temperature - +6 - ppm/°C
coefficient
Full-scale temperature coefficient - +2.5 - fppm/°C
Zero temperature coefficient - +8 - uvieC
Reference input range 1 - 3 \
Supply voltage 4.5 5 5.5 \"
Supply current - 25 40 mA
Power consumption - 125 | 200 mwW
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ELECTRICAL CHARACTERISTICS (Cont.) GEC PLESSEY SEMICONDS
Parameter Min. | Typ. | Max. | Units Conditions

Comparator .
Input current - 1 - uA Vin= +3V, Rexy=82kQ
.Input resistance - 100 - kQ .
Tail current 25 65 150 uA V-=-5V
Negative supply -3 -5 -30 v
input voltage ~0.5| - +3.6 \Y )
On-chip reference )
Output voltage 2ZN447 2.520{2.550/2.580 Rper = 39010

ZN448 2.520]2.550]2.580 \Y

ZN449 2.500|2.550|2.600 CRrer =417
Slope resistance - 0.5 2 Q
Vaer temperature coefficient - 50 - |ppm/°C
Reference current 4 - 15 mA
Clock
On-chip clock frequency - - 1 MHz
Clock frequency temperature - +0.5 - %/°C
coefficient
Clock resistor - - 2 kQ
Maximum external clock 0.9 - 1 MHz
frequency
Clock pulse width 500 - - ns
High level input voltage V|, 4 - - A
Low level input voitage V,_ - - 0.8 Vv
High level input current | - - 800 uA Vin= +4V, Vec=MAX
Low level input current I, - - -500 uA Vin=+0.8V, Vcc=MAX
Logic {over operating temperature
range)
Convert input
High level input voltage V4 2 - - Vv
Low level input voltage V,_ - - 0.8 \% . )
High level input current Iy - 300 - pA Vin= +2.4V, Ve =MAX
Low level input current | - +10 - A Viy= +0.4V, Vcc =MAX
RD input
High level input voltage V), 2 - - \
Low level input voltage V,_ - - | 0.8 \
High level input current Iy - |+180} - pA Vin=+2.4V, Vcc =MAX
Low level input current I - -300( - nA Vin=+0.4V, Vcc=MAX
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Parameter Min. | Typ. | Max. | Units "~ Conditions
High level output voltage Vo - 2.4 - - Vv lon=MAX, Vcc=MIN
Low level output voltage Vg - - 0.4 \Y lo.=MAX, Ve =MIN
High level output current lgy - - -100 A
Low level output current lg. - - 1.6 mA
Three-state disable output - - 2 A Vour= +2V
leakage . i
Input clamp diode voltage - - -1.6 A
RD input to data output - 180 | 250 ns _
Enable/disable delay times T¢g, 180 | 210 | 260 ns .
Teo 60 80 | 100 ns
To1 80 110 | 140 | ns
Too 60 80 | 100 ns
Convert pulse width tgpm 200 - - ns
WR input to BUSY output - - 250 ns

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 out-
put voltage of Vggrn from the DAC. This is
compared to the input voltage V|N; a decision
is made on the next negative clock edge to reset

the MSB to 0 if YREF> v, or leave it set to 1 if
VRer < v 2
2 IN®

Bit 2 is set to 1 on the same clock

edge, producing an output from the DAC of

Vv \ Y,
:EF or ZEF + :EF depending on the state of

the MSB. This voltage is compared to V| 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 three-state buffers in
their high impedance state. Data can be read out
by taking RD low, thus enabling the three-state
outputs. Readout is non-destructive.

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 7.5 and 8.5 clock pulses later
depending on the relative timing of the clock and
CONVERT signals. Timing dlagrams for a
conversion are shown in Fig. 2.
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The converter is cleared by a low-going
CONVERT puise, which sets the most significant
bit and resets all the other bits and the BUSY
flag. Whilst the 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 CONVERT input goes high again the
MSB decision is made and the successive
approximation routine runs to completion.

The CONVERT pulse can be as short as 200ns;
however the MSB must be allowed to settle for
at least 550ns before the MSB decision is made.
To ensure that this criterion is met even with
short CONVERT pulses the converter waits,
after the CONVERT 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 550ns
at maximum clock frequency. The CONVERT
input is not locked out during a conversion and
if it is pulsed low at any time the converter will
restart.

The BUSY output goes high simultaneously with
the LSB decision, at the end of a conversion
indicating data valid. Note that if the three-state
data outputs are enabled during a conversion the
valid data will be available at the outputs after
the rising edge of the BUSY signal. If, however,
the outputs are not enabled until after BUSY
goes high then the data will be subject to the
propagation delay of the three-state buffers.
(See under DATA OUTPUTS).
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(T NOTE1 |
[ / I
| a—— —ple—n! |
! ! I"MSB DECISION
o LA MAMA Ay rermyrirert
| BIT? 6 5 4 3 2 1 0

o J—

NOTE 1. GUARANTEED PERIOD OF 0.5 CLOCK CYCLE MIN. 1.6 CLOCK CYCLES MAX.
ALLOWS MSB TO SETTLE BEFORE MSB DECISION

Fig. 2a

NOTE 1
- e e — — e »l
' ' MSB DECISION

CLOCK | J__

WR Qi > |®
BOSY >
U || s U
MSB //// - - MSB DECISION

L8 22/

v

(EXPANDED INSET)

Fig. 2b
Fig. 2 ZN447 timing diagram
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If a free-running conversion is required, then
the converter can be made to cycle by
inverting the BUSY output and feeding it to
WR. 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, as
shown in Fig. 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

T-51-10-08

GEC PLESSEY SEMICONDS

data can be stored in a latch. The time available
for storing data can be increased by inserting
delays into the inverter path.

A timing diagram for the continuous conversion
mode is shown in Fig. 3b.

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

<

n

OPTIONAL

+ 5V

DELAY

BUSY

ov

Fig. 3a Circuit for continuous conversion

Fig. 3b Timing for continuous conversion

DATA QUTPUTS

The data outputs are provided with three-state
‘buffers to allow connection to a common data
bus. An equivalent circuit is shown in Fig. 4.
Whilst the RD input is high both output
transistors are turned off and the ZN447
presents only a high impedance load to the bus.

1-232

When RD is low the data outputs will assume
the logic states present at the outputs of the
successive register.

A test circuit and timing diagram for the output
enable/disable delays are given in Fig. 5.



43E D N 37b8522 0012767 & EAPLSB

GEC PLESSEY SEMICONDS

vce
o

500n
20k

- BI1S 1-8
——0
(PINS 11-18)

10k

ﬁ'ﬁo—Do—
(PIN 2)

GROUND o—

Fig. 4 Data output

ZN447/8/9
T-51-10-08

2 + 30V

RD SIGNAL 50% .
| | 0 I-
| Qv

| T_‘_.ﬂ |TD
| T (90" LOGIC 1
LOGIC 1 OUTPUT DATA | = {-5V

—

]

!

" A8 15V
LOGIC 0 OUTPUT DATA | w

: 10, 0% LOGIC 0

e

Teo | Too!
il F'Q%
OUTPUT LOAD
+5V
4k
QUTPUT
ALL

T IN916
. . * oV

Fig. 5 Output enable/disable delays
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BUSY OUTPUT

The BUSY output, shown in Fig. 6, utilises a
passive pull-up for CMOS/TTL compatibility.
This also allows up to four BUSY outputs to be

43E D W 37L4522 00127L8 T EEPLSB

 T-51-10-08

wire-ANDed together to form a common
interrupt line.

Vee

GROUND

Fig. 6 BUSY output

ON-CHIP CLOCK

The on-chip clock operates with only a
single exiernal capacitor connected between
pin 3 and ground, as shown in Fig. 7a. A graph
of typical oscillator frequency versus
capacitance is given in Fig. 8. The osciliator
frequency may be trimmed by means of an
external resistor in series with the capacitor, as
shown in Fig. 7b. However, due to processing
tolerances, the absolute clock frequency may

vary considerably between devices. For
optimum accuracy and stability of the oscillator
frequency, it may be possible to use a crystal
or ceramic resonator with suitable load
components, as shown in Fig. 7c. The final
option is to overdrive the oscillator input with
an external clock signal from a TTL or CMOS
gate, as shown in Fig. 7d.

0scC
316ND
a) FIXED/VARIABLE
CAPACITOR
3

4Tk % 1MHz

Xtal

2200pF # I*SSpF

TT s

% LOAD CIRCUIT TO SUIT
DEVICE USED

¢) CRYSTAL OR
RESONATOR

3
2ka
MAX

T
b) FIXED CAPACITOR
+ VARIABLE RESISTOR

Vee

1.2k
3

d) EXTERNAL TTL
OR CMOS DRIVE

Fig. 7 Clock circuit external components
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MHz e i
l
100kHz \
N
10kHz =
i
Il
1kHz I-u

10p 100p 1n

Fig. 8 Typical clock frequency v Cgk {Rck =0)

10n 100n

ANALOGUE CIRCUITS

D-A converter

The converter is of the voltage switching type
and uses an R-2R ladder network as shown in
Fig. 9. Each element is connected to either OV
or Vpgr v by transistor voltage switches
specually designed for low offset voltage (1mV).

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

Dto A OUtpUt=2_g_6. (VRer in —Vos) + Vos

where n is the digital input to the D-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
(8uV/°C) the effect on accuracy will be
negligible.

The D-A output range can be considered to be
O — Vger iy through an output resistance R (4k).

R{4k)

R D TO A QUTPUT

Vpep INO-
(PINT)

«—VOLTAGE
~TSWiTCHES T L, HL

Fig. 9 R-2R ladder network
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REFERENCE

{a) Internal 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. 10}). A
resistor {Rpee) should be connected between
pins 8 and 10.

The recommended value of 3901 will supply a
nominal reference current of (5-2.5)
/0.39=6.4mA. A stabilising/decoupling
capacitor, Cggr (4u7), is required between pins
8 and 9. For internal reference operation Vgee
out (pin 8) is connected to Vggr iy (Pin 7).

Up to five ZN447's may be driven from one
internal reference, there being no need to reduce

U3E D B 37L48522 0012770 & ERPLSB
. ~ T-51-10-08

Rger- 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 +3V may be connected to
Vger in- The slope resistance of such a
reference source should be less than 2—"152.

where n is the number of converters supplied.

(PiN 10)

VREF OUT
(PIN 8)

GROUND
(PIN 9)

Veo+s5V

RREF
(390)

CREF
4.7p)

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 + 1.5to + 3V.
The ZN447 will operate if Vgge |y is less than
+ 1.5V but reduced overdrive to the comparator
will increase its delay and so the conversion time
will need to be increased.
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COMPARATOR

The ZN447 contains a fast comparator, the
equivalent input circuit of which is shown in
Fig. 11. A negative supply voltage is required
to supply the tail current of the comparator.
However as this is only 25 to 150uA and need
not be well stabilised it can be supplied by a
simple diode pump circuit driven from the BUSY
output.
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+5V, PIN10

- TO LOGIC
+ HIGH ="RETAIN BIT"

Ain RIN VIN ' D 10 A QUTPUT
~ K PING | : » : wk (0-Vgerit)
| , ,
! ' ZN 447
PIN &
Rexy 1|Ex1

Fig. 11 Comparator equivalent circuit

a
Vee i —0 Vee OVee
4k7
IN914
8usy 1
¥
R2
REXT
5 Tk
IN914
GND 3 4 -0 GND O GND
c
Vee

BUSY D>

47k
ReXT
R2
IN914
GND . O GND
R2xCl1> -90

fck

Fig. 12 Diode pump circuits to supply comparator tail current
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Several suitable circuits are shown in Fig. 12.
The principle of operation is the same in each
case. Whilst the BUSY output is high, capacitor
C1 is charged_to about 4-4.5V. During a
conversion the BUSY output goes low and the
upper end of C1 is thus also pulled low. The
lower end of C1 therefore applies about —4V
to R2, thus providing the tail current for the
comparator. The time constant R2, C1 is chosen
according to the clock frequency so that droop
of the capacitor voltage is not significant during
a conversion.

The constraint on using this type of circuit is that
C1 must be recharged whilst the BUSY output

Y3E D 3764522 0012772 1 EAPLSB

T-51-10-08

is high. If the BUSY output is high for greater
than one converter clock period then the circuit
of Fig. 12a will suffice. if this is not the case,
for example, in the continuous conversion mode,
then the circuits of Figs. 12b and 12c are
recommended, since these can pump more
current into the capacitor.

Where several ZN447's are used in a system the
self-oscillating diode pump circuit of Fig. 13 is
recommended. Alternatively, if a negative supply
is available in the system then this may be
utilised. A list of suitable resistor values for
different supply voltages is given in table 1.

NS94 _4c

100n

Fig. 13 Diode pump circuit to supply comparator tail current for up to five ZN447's

Table 1
V - {volts) REXT (kQ)

3 47

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

1-238




\f

’ 522 0012773 3 EBNPLSB
LESSEY SEMICONDS 43E D 3768 ;

GEC P 7 ;N447/8/9
ANALOGUE INPUT RANGES : . T-51-10-08
The basic connection of the ZN447 shown in smaller input ranges the signal must be amplified
Fig. 14 has an analogue input range O to VRer IN to a suitable level. -
which, in some applicatiops, may be made
available from previous signal conditioning/  Bipolar input ranges are accommodated by off-
scaling circuits. Input voltage ranges greater setting the analogue input range so that the

than this are accommodated by providing an

h comparator always sees a positive input voltage.
attenuator on the comparator input, whilst for P _ v ) P P 9

+————— DIGITAL OUTPUTS ————*

LS8 MSB Ve
08O 1 2 3 4 5 6 DB7 (+5V)
(o]
18 7 16 15 “ 13 12 1 10
R
REF
INA44T (390:1)]
1 2 3 4 5 6 7 8 9
ViN
Rext[] RN
(82k) | (4K) o e
Crer
BUSY RD CK WR Vv Apn VopeNV oourc&o un
ooy AN VRerN VRerOUTRRD

NOMINAL Ajpy RANGE = 0 TO Veeg N

Fig. 14 External components for basic operation
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UNIPOLAR OPERATION

The general connection for unipolar operation is
shown in Fig. 15,

The values of Ry and R, are chosen so that
Vin = Vrer v When the Analogue Input (A} is
at fuli-scale.

The resulting full-scale range is given by

43E D EM 37bA522 0012774 5 BEPLSB

T-51-10-08
A FS = (1 + ), Vier n=G-Vrer -

To match the ladder resistance R1/R2
(R|N) = 4k .
The required nominal values of Ry and R, are
given by R, =4G k, R,= 4G k

AlNo—

ZERQ
ADJUST

VRer IN

680k

7
VIN

R2

6 ZN 447
9

GROUND

Fig. 15 General unipolar input connections

Using these relationships a table of nominal '

values of Ry and R, can be constructed for
Vrer n=2.5V.

Input range G R, R;
+ 5V 2 8k 8k
+ 10V 4 16k 5.33k

Gain adjustment

Due to tolerances in R; and Rj, tolerances in
Vger 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 Ry by at
least + 5% of its nominal value is suggested.
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Zero adjustment

Due to offsets in the DAC and comparator the
zero (O to 1) code transition woutd occur with
typically 15mV applied to the comparator input,
which corresponds to 1.5LSB with a 2.56V
reference.

Zero adjustment must therefore be provided to
set the zero transition to its correct value of
+0.5LSB 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 1.5 times Vgge n-

Practical circuit values for + 5 and + 10V input
ranges are given in Fig. 16, which incorporates
both zero and gain adjustments.
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LIE D W

AN

P15k
GAIN
ADJUST

R1 5k6

R2 8k2

VReF IN

P2

TO PIN 6

*2°/s RESISTORS
+20% POTENTIOMETRES

+5 VOLTS FULL SCALE

AN VREF N’

P1 10k
GAIN
ADJUST

P2

R1 11k

_ T0 PIN 6
R2 5k6

" +10 VOLTS FULL SCALE

Fig. 16 Unipolar component values
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Unipolar adjustment procedure

{i) Apply continuous convert pulses at intervals
long enough to allow complete conversion
and monitor the digital outputs.

(i) Apply full-scale minus 1.5LSB to A,y and
adjust gain until bit 8 (LSB} output just

flickers between O and 1 with all other

bits at 1.

(iii) Apply 0.5LSB to Ay and adjust zero until
bit 8 just flickers between O and 1 with all

other bits at O.

Unipolar setting up points

Input range, +FS 0.5LSB FS - 1.5LSB
+ 5V 9.8mV 4.9707V
+10V 19.5mV 9.9414V
1LsB=_"FS_
256
Unipolar logic coding
Analogue input (A Output code
(Nominal code centre value) {Binary)
FS - 1LSB 11111111
FS - 2LS8B 11111110
0.75FS 11000000
0.5FS + 1LSB 10000001
0.5FS 10000000
0.5FS - 1LSB o1111111
0.25FS 01000000
1LSB 00000001
0 00000000
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BIPOLAR OPERATION

For bipolar operation the input to the ZN44}7 is
offset by half full-scale by connecting a resistor

43E D M 37LA4522 001277k 9 EMPLSB
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resistor Ry between Vgge (y and Vyy (Fig. 17).

AIN

Rl R3

VRerIN

7
Vi
INle 7N447

R2

9

GROUND

Fig. 17 Basic bipolar input connection

When A, = —FS, V)y needs to be equal to zero.

When A= +FS, V|y needs to be equal to
VRer IN-

If full-scale range is iG VREF IN then R1 =
{G - 1). R, and Ry =G. Ry fulfil the required
conditions.

To _match the ladder resistance, R;/R,/Rj
(=R|N)=4k.

Thus the nominal values of Ry, R,, R5 are given .

by Ry =8 Gk, Ry=8G/(G - 1)k, R = Bk.

A bipolar range of + Vger iy (Which corresponds
to the basic unipolar range O to +Vgge n)
results if Ry =R3;=8k and R, =00,

Assuming that Vgge (y=2.5V the nominal
values of resistors for +5 and + 10V input
ranges are given in the following table.

Input range - G R, R, R3
+5V 16k 16k 8k
+ 10V 4 32k 10.66k 8k

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

Practical circuit realisations are given in Fig. 18.
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Note that in the + 5V case R, has been chosen
as 7.5k (instead of 8.2k) to obtain a more
symmetrical range of adjustment using standard
potentiometers.
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*5 VOLTS FULL SCALE

AN VREF IN AN VRer IN
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Bipolar adjustment prodedure

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

(i) Apply —(FS - 0.5LSB) to Ay and adjust off-

set until the bit 8 (LSB) output just flickers
between O and 1 with all other bits at 0.

{iv) Repeat step {ii).

Bipolar setting up points

Input range, +FS | —(FS —0.5LS8B) +(FS - 1.5LSB)
+ 5V ~4.9805V +4.9414V
+ 10V -9.9609V +9.8828V
1LSB = 2FS
: 256
Bipolar logic coding
Analogue input (Aj) Output code
(Nominal code centre value) (Offset binary)
+(FS - 1LSB) 11111111
+(FS - 2LSB) 11111110
+0.5FS 11000000
+ 1LSB 10000001
o 10000000
- 1LS8 01111111
—-0.5FS 01000000
—{FS - 1LSB) 00000001
-FS 00000000

(iii) Apply +(FS - 1.6LSB) to Ay and adjust gain
until bit 8 just flickers between O and 1 with
all other bits at 1.
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