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DATASHEET ANNOTATION
GPS annotate datasheets in the top right hand corner of the
first page, to indicate product status. These annotations are
as follows:-
TARGET SPECIFICATION
This is the most tentative form of information and
represents a verypreliminary product specification.
No actual design work on the product has started.
PRELIMINARY INFORMATION

The product is in design and development. The
datasheet represents the product as it is understood
but details may change.

ADVANCE INFORMATION

The product design is complete and final
characterisation for volume production is well in hand.

No annotation

The product parameters are fixed and the product is
available to datasheet specification in volume.

If you have any queries about the status of any GPS product,
please contact your nearest GPS Customer Service Centre.
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Foreword

GEC Plessey Semiconductors is recognised as a supplier of the very best in data
conversion products meeting the requirements of a wide customer base. Access to a
broad range of process technologies allows GPS to get the most out of its designs; so
whether you need high speed, low cost, good linearity or whatever, there's a good
chance that GPS can offer the right product to meet your needs. Recent developments
have focused on video bandwidth ADCs and DACs and many of these devices are
offered in support of our video processing ICs (as detailed in the Digital Video and DSP
handbook).

Increasingly the trend in many applications is for the data conversion function to
become up-integrated into larger system chips. Indeed GPS offers a number of products
with embedded data converters. But we also recognise that there is a need to maintain
a range of standard ADCs and DACs and this handbook details those products which
best serve the needs of our customers for general purpose and specialised higher
performance data converter devices. GPS also maintains a comprehensive selection of
voltage references - ranging from the latest ultra miniature 1% tolerance VR25 to the
well established and extremely popular ZN458 and REFxx ranges.

And lastly, if you're not so familiar with data conversion techniques or want to
know how to get the best out of your system designs then check out the Applications
Notes section of this handbook. In there you will find a wealth of knowledge and advice
based on the many years experience of our design and applications engineers.
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Product index
Video/Graphics DACs

MV95308 8-bit video DAC 30 6.0 CMOS 13
MV95408 8-bit video DAC 50 5.5 CMOS 18
SP98608 8-bit latched multiplying DAC 450 0.8 Bipolar 23
VP101 Triple 8-bit video DAC 30/50 9.0 CMOS 28

Advanced Function DACs

ZN425 8-bit DAC/ADC 0.5 1.0 Yes 8-bit counter 37

ZN426 8-bit DAC 0.5 1.0 Yes Low cost 43

ZN428 8-bit microprocessor- 0.5 0.8 Yes Data latch 47
compatible DAC

ZN429 8-bit DAC +0.5 1.0 No Low cost 55

Advanced Function ADCs

ZN427 8-bit microprocessor- +0.5

compatible ADC

10 No Three-state 63
compatible ADC data outputs

ZN448 8-bit microprocessor- 0.5 9 Yes Three-state 78
compatible ADC data outputs

ZN449 8-bit microprocessor- +1.0 9 Yes Three-state 78

data outputs,

low cost

NOTE
All Advanced Function ADCs have on-chip reference



Video and High Speed ADCs

SP973T8 8-bit flash ADC (TTL/CMOS outputs) 36 Bipolar 97
SP97504 4-bit expandable ADC (replaces SP9754) 110 Bipolar 103
SP97508 8-bit flash ADC 110 Bipolar 107
VP1058 8-bit video ADC 25 Bipolar 114
VP8708 8-bit analog video input interface 30 Bipolar 120
VP87A8 8-bit analog video input interface 32 Bipolar 128
VP87A9 8-bit analog video input interface 30 Bipolar 136

Micropower Fixed Voltage References

REF12D 1.26 90 4.0 80 -40 to +85 147
REF12Z 1.26 90 4.0 56 -40 to +85 147
REF25D 2.50 60 2.0 80 -40 to +85 153
REF25Z 2.50 60 2.0 110 -40 to +85 153
REF50D 5.00 60 35 80 -40 to +85 159
REF50Z 5.00 60 3.5 110 -40 10 +85 159

SOT-23 Micropower Bandgap Voltage References

SR12D 1.23 90 25 125 -40 to +85 167
SR25D 2.50 80 2.0 90 0to+70 170
VR25 2.50 80 0.2 150 -40 1o +85 173




Fixed Voltage References

ZN404 2.45 2 120 0.4 145 0to +70 181

ZN404D 2.45 2 120 0.4 145 -20 to +70 181
ZN423 1.26 1.5 12 1.5 . 101 -5510 +125 184
ZN458 2.45 2 120 0.2 99 -20't0 +70 189
ZN458A 2.45 2 120 0.2 49 -20 10 +70 189
ZN458B 2.45 2 120 0.2 29 -20 to +70 189

Standard ECL

SP1648 Voltage controlled oscillator +50r-5.2 225 150 195




Product List - Alpha numeric

Type Number Description Page

lf BRI ksf.-l%f 5 2
MV95408 50MHz 8-bit video DAC 18

520 %

REF25D/Z 2.50V low cost micropower precision voltage references 153

BB

SP1648 ECLIII voltage controlled oscillator 195

SP97504 110MHz 4-bit expandable ADC 103

SP98608 450MHz 8-bit latched multiplying DAC 23

25

SR25D 2.50V miniature micropower bandgap voltage reference 170

VP1058 25MHz 8-bit video ADC 114

VP87A8 32MHz 8-bit analog video input interface 128

VR25 2.50V precision micropower bandgap voltage reference 173

ZN423 1.26V low noise voltage reference 184

ZN426 8-bit DAC 43

ZN428 8-bit latched input DAC 47

ZN448 8-bit microprocessor compatible ADC 78

ZN458/A/B 2.45V low noise voltage references 189






The Quality Concept

Quality cannotbe inspectedinto a product; itis only by careful design and evaluation of materials, parts and processes
(followed by strict control and on-going assessment) that quality products will be produced.

Ali'designs conform to standard layout rules, all processes are thoroughly evaluated and all new piece part designs
and suppliers are investigated before authorisation for production use.

The same basic procedures are used on all products up to and including device packing. Itis only then that extra
operations are performed for certain customers in terms of lot qualification or release procedure.

By working to common procedures, all users benefit; the high reliability user gains the advantage of scale (hence
improving the confidence factor in the quality achieved), while the volume user gains from the benefits of basic high
reliability design concepts.

GEC Plessey Semiconductors (GPS) have the following factory approvals:

AQAP1

BS9450 (Capability Approval)

MIL-STD-883 Class B (In conformance with the requirements of MIL-STD-883, paragraph 1.2.1)
DESC (Department of Electronics Supply Center - Device approvals)

Screening

Different screening procedures are carried out by GPS; a brief description of the differences involved are setoutin

Tables 1 and 2.

Wafer-fab Wafer-lot
accept
Method 5007
Probe test 100% 100% 100% 100% 100%
Visual inspect Usually 2010 2010 2010 2010 2010
chips Cond.B Cond.B Cond.B Cond.B Cond.A
Assemble Includes 100%
bond pull
Screen None Method 5004 As Table 2 Method 5004 Method 5004
Class B Class B Class S
Test 100% 100% 100% 100% 100%
Conformance None Method 5005 None Method 5005 Method 5005
testing Class B Class B Class S
Group A Group A Group A
Group B Group B Group B
Group C Group C Group C
Group D Group D Group D
Table 1

1. MIL-STD-883 Class S/ESA SCC9000: GPS has supplied numerous devices to customer specifications for Space
and Satellite applications. Please contact your local GPS sales office for information.



Internal Visual

Method 2010 Test Condition B 100%

Method 2010 Test Condition B 100%

Stabilisation Bake

Method 1008 |
24Hrs at Condition C 100%

Method 1008 .
24Hrs at Condition C 100%

Temperature Cycling

Method 1010 Test Condition C 100%

Method 1010 Test Condition C 100%

Constant Accelerationv

Method 2010
Condition E Y1 only 100%

Method 2010
Condition E Y1 only 100%

Visual Inspection

100%

Initial Electrical

Those parameters requiring Delta
calculations. 100%'

Those parameters requiring Delta
calculations. 100%

Burn-In

Method 1015
160Hrs at 125°C min. 100%

Method 1015
160Hrs at 125°C min. 100%

Post Burn-In Electrical Test

Full Electrical Test to Guarantee
datasheet. 100%

Those parameters requiring Delta
calculations. 100%

PDA Calculation

5% max. All lots

5% max. All lots

Final Electrical Test

Done as Post Burn-In Test. 100%

Full Group A tests as Method 5005. 100

Seal (a) Fine
Seal (b) Gross

Method 1014 100%

Method 1014 100%

Qualification/Quality
Conformance Test

Method 5005 Class B
Samples as necessary

External Visual

GPS Spec. sample »

Method 2009 100%

Table 2

2. See Section 5 for further information.
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MV95308

30MHz 8-BIT CMOS VIDEO DAC

The MV95308 is a CMOS 8-bit, 30MHz Digital to Analog
converter, designed for use in both video graphics and
general digital television applications.

A very low external component count has been
achieved by including the loop amplifier and reference
voltage source on chip.

The device contains a data input register and registered
video controls (BLANK, ﬁE‘F‘%FI'T‘g RB and
SYNC). These control |nputs and assocnated internal
circuitry allows the MV95308 to be used in video graphics
systems bé E(roviding the necessary video pedestal levels.
The RDAC input allows the video pedestals to be
disabled in conventional DAC applications.

This device is capable of directly driving 75Q lines with
standard RS-343A or RS-170 video levels, using the
appropriate Rget external resistor.

Pull up resistors have been added to tie all unused
control inputs into their inactive (High) states.

FEATURES

Low Power Consumption (180mW Typ)
30MHz Pipeline Operation

+1 LSB Differential Linearity Error

+1 LSB Integral Linearity Error
RS-343A/RS-170 Compatible Levels
On Chip Reference Voltage Source
Guaranteed Monotonic

Drives 75Q Loads Directly

Single 5V Power Supply

ORDERING INFORMATION

DS2431-2.1

BARR [J1 \_/ 201 v

ClK ]2 19 [] REFWHITE
MSBD; []3 18] OVERERT

D []4 17[]15WNC

0s s 16 [] STRDAC

D [Je 151 ot

%07 14§cuo

D, 8 13 lour

Di e 12[] Rger
LsBDy []10 1 [ Vs 5222%

Fig.1 Pin connections - top view

APPLICATIONS

W Data Conversion (general)
B Computer Graphics

B Waveform Synthesis

B Consumer TV

B |nstrumentation

ABSOLUTE MAXIMUM RATINGS (Reference to GND)

DC Supply Voltage, Vpp -0.3to +7V
Digital Input Voltage -0.3to Vpp +0.3V
Analog Output Short Circuit Duration Indefinite

Ambient Operating Temperature Agrade -55°Cto+125°C

MV95308 ADG (Military - Ceramic DIL Package) Cgrade 0°Cto+70°C
MV95308 CDP (Commercial - Plastic DIL Package) Storage Temperature Range -55°C to +125°C
MV95308 CMP (Commercial - Miniature Plastic DIL
Package)
f"'"'"'""'"""“"""'""""""""’""':;l
07-Do E%? DAC lour
P REGISTER :> DECODE :> LATCHES :> CURRENT !
Loaic SOURCES 154 —
CONTROL l;::) out
11,16-19 C !
1
] T 20!
I OVpp
| A '-°°P CURRENT | !
12 CLOCK INTERNAL AMPLIFIE SOURCE | !
CLOCK O™ o ERATION VOLTAGE > 144, anD
: REFERENCE !
i 1
\ 1
:._____________________._.___11_0_____.._______..._130____]
VREF RseT

Fig.2 Block diagram of MV95308
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MV95308

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated):
As specified in recommended operating conditions. Full temperature range: A grade = -55°C to +125°C, C grade = 0 to 70°C
DC CHARACTERISTICS

Parameter Symbol 1:,21)" Min. Yrayl;:.e Max. Units Conditions
Resolution Full 8 Bits
Integral linearity error INL 25 +0.5 LSB
Full +1 LSB
Differential linearity error DNL 25 +0.5 LSB
Full +1 LSB
Gain error 25 +1% +5% % Of full scale
Analog output S
Grey scale current range 25 8.8 mA
255 LSB
10% Over Bright level relative to 25 26 27 28 LSB
White level 10 IRE
White level relative to Blank level 25 275 276 277 LSB
100 IRE 75Q singly
Black level relative to Blank level 25 20 21 22 LSB terminated load
. 7.5 IRE \ Rsgr = 1.8kQ
White level relative to Black level 25 255 LSB (graphics mode)
92.5 IRE
Blank level 25 107 111 115 LSB
40 IRE
Sync level 25 0 LSB
LSB size LSB 25 258 mV
Output compliance Voc 25 -0.3 +1.5 Vv
J
Digital inputs
High level I/P voltage ViH 25 3 Vppt03 | V
Low level I/P voltage ViL 25 GND-03 12 \
High level I/P current Iy 25 +1 A
Low level I/P current I 25 -1 HA
Internal voltage reference (V| V 25 0.95 1.0 1.05 \
9 Vrer) Rl Far | oo 1.10 v
VRer temperature coefficient 40 ppm/°C
AC CHARACTERISTICS (Refer to Fig. 3)
Parameter Symbol Temp Value Units Conditions
(°C) Min. Typ. Max. .
Max clock rate fmax Full 30 MHz | maximum
) guaranteed freq.
Clock hlgh time tCLKH 25 10 ns
Clock low time tCLKL 25 10 ns
Data and control setup time tsy 25 8 ns
Data and control hold time ty 25 2 ns
Analog output delay tory 25 10 ns
Analog output rise/all time trr 25 3 6 ns
Analog output settling time ts 25 15 ns
Glitch energy 25 100 pV-sec
Vpp supply current IDD 25 30 mA fc = 15MHz
36 mA fc = 30MHz
THERMAL CHARACTERISTICS RECOMMENDED OPERATING CONDITIONS
Thermal Resistance DP MP RLoap (louT and Isgr) 75Q
Chip to case Oic 20 30 °C/W DD . o 5.0V 0.5V
. . R raphics applications 1.8kQ
Chip to ambient 6 75 93 W R:ET' ggtraFi)ght DApCF;) applicat%ons) 1.2kQ
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CIRCUIT DESCRIPTION

As illustrated in the function block diagram, Fig. 2, the
MV95308 contains an 8-bit D-to-A converter, input registers,
a loop amplifier and a voltage reference.

On the falling edge of each clock cycle, as shown in Fig. 3,
eight data bits are latched into the device and passed to the
8-bit D-to-A converter. Also latched on the falling edge of the
clock signal, the SYNC and BLANK inputs add the
necessary weighted currents to the analog outputs to
produce the required output levels for use in video

applications. Table 1 details how the SYNC, BLANK,
ﬁ%i:V_VF"TE and OVERBRT inputs modify the DAC output
levels.

To obtain a high data throughput rate, the decoding logic of
the MV95308 is fully pipelined. This introduces a one clock
cycle delay between the latching of the input data and the
resultant DAC output.

MV95308

It also ensures synchronisation of the internal data and a
minimal output glitch energy.

The DAC employed by the MV95308 eliminates the need
for precision component ratios by using segmented
architecture in which equal weight bit currents are either routed
to loyt or Tour The use of identical current sources and current
steering their outputs means that monotonicity is guaranteed.

The MV95308 eliminates the need for an external voltage
reference by providing a nominally 1.0V reference on chip. An
on-chip loop amplifier also provides stability of the full scale
output current against power supply and temperature
variations. The full scale output current is set by an external
resistor Rggr: By adjustment of this value it is possible to
implement RS-343A or RS-170 video levels as explained in the
application notes.

0ATA N4 X DATA N )f

DATA N+|
- sy —>| 1y |—

< 'CLKH »|-= tcike -~

cLocK
‘\ oLy —| -
KEY : DATAN | e -
taxn - Clock input high period H
laxe - Clock input low period LATCHED !
ooy - 50% clock to 10% output delay
e - 10% - 90% outpul rise lime
L - 50%-FS +1LSB setling time OUTPUT SETTLED
/ FOR DATA N
ouTPUT : /
Fig.3 Timing diagram
Description STRDAC | SYNC | BLANK | REFWANE | OVERBART | OUTPUT lour
DATA (LSB)
REFWHITE + 10% 1 1 1 0 0 X 414
REFWHITE 1 1 1 0 1 X 387
FULL WHITE 1 1 1 1 1 $FF 387
OVERBRIGHT 1 1 1 1 0 DATA DATA +
132 + 27
FULL BLACK 1 1 1 1 1 $00 132
BLANK 1 1 0 X X X 1
DATA-SYNC 1 0 1 1 1 DATA DATA + 21
SYNC 1 0 0 X X X 0
STRDAC MODE 0 X 1 1 X DATA DATA

Table 1: Video output truth table
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MV95308

Pin Name Description

2 CLK The clock input. The falling edge of the clock latches the DATA, BLANK, SYNC, OVERBRT and
REFWHITE inputs into the logic pipeline. The decoded data will be latched into the DAC output 1
clock cycle later. The clock frequency determines the update rate of the DAC output.

3-10 D7Dy The data inputs. Dy is the least significant bit (LSB). The coding is in straight binary only.
13,15 louT: looT | The current output and its complement. These are the high impedance current source outputs of
the DAC capable of driving a 75€2 load up to a voltage of 1.5V.
14 GND Analog ground for the DAC.
20 Vop Analog power for the DAC
1 VRer The output of the internal voltage reference generator. This output is nominally 1V, and

should be decoupled with a 10nF capacitor.

12 Rser The full scale adjust control. The Rggr resistor is connected from this pin to ground. An internal
loop amplifier adjusts a reference current flowing through the Rggy resistor so that the voltage
across the resistor is equal to the Vggp voltage. This reference current has a weighting equal to

16 LSB’s.

1 BLANK The composite blank control input. A logical zero on this input removes the Black pedestal
from the loyt output, whilst forcing the internal data to the DAC to $00. This input is latched on
the clock falling edge and will override the REFWHITE and OVERBRT inputs. The Black

pedestal is 7.5 IRE units (actually 21 LSB’s). If left open circuit this input is internally tied high.

17 SYNC The composite sync control input. A logical zero on this input removes the Blank pedestal
from the loyt output. The Blank pedestal is nominally 40 IRE units (actually 111 LSB’s). The
SYNC input does not override any other control lines. This input is latched on the clock falling
edge. If left open circuit this input is internally tied high.

19 REFWHITE | The reference white level control input. A logical zero on this input overrides the input data,
forcing the data to $FF. The BLANK input will override this input. If left open circuit this input is
internally tied high.

18 OVERBRT | The 10% overbright control input. A logical zero on this input switches the Overbright pedestal
into the lgyT output. The Overbright pedestal is 10 IRE units (actually 27 LSB’s). This input does
not override any other input. The BLANK input overrides this input. If left open circuit this input is
internally tied high.

16 STRDAC | The straight DAC control input. A logical zero on this input causes the Black, Blank and
Overbright pedestals to be disabled, removing them from both loyt and lggt. This allows the
DAC contribution to the output to be extended to a full 1 Volt. To obtain this extra DAC range, it is
necessary to reduce the Rggr resistor value, see application notes. The BLANK the REFWHITE
inputs may still be used to force the input data to $00 or $FF respectively. With the STRDAC pin
held low the output current can be calculated from:

Output current = Data x 1 LSB

VREF
Where 1 LSB= W
Full scale = 255 LSB
VREF =1.0V typ.
The exact value of 1 LSB must be calculated from the full scale output.
If left open circuit this input is internally tied high and the device will be configured for video graphics.
In this mode the output current can be calculated from:

Output current = (DATA + 21 + 111) x 1 LSB
VREF =1.0V typ

16



APPLICATIONS INFORMATION
RS-343A and RS-170 Video Generation

For generation of RS-343A compatible video levels (see
Fig.4) it is recommended that a singly terminated 75 load
be used with an Rgg resistor value of approximately 1.82kQ

Similarly for the generation of RS-170 video levels a
singly terminated 75X load should be used but in association
with an Rggr value of approximately 1.29kQ to provide the
increased voltage range.

Non-Video Applications

The MV95308 may be used in non-video applications as
explained in the pin description for m%) mode.The
relationship between Rggt and the full scale output current
has been explained previously and for a singly terminated
75Q load an Rggy resistor value of approximately 1.19kQ
should be used.

MV35308

PCB LAYOUT CONSIDERATIONS

The PCB layout should provide low noise on the
MV95308 power and ground lines by shielding the digital
inputs and providing adequate decoupling. The PCB should
utilise both power and ground planes for best performance,
connecting both planes to their respective regular PCB
planes through a ferrite bead located as close as possible to
the device. For best performance, a 100nF capacitor should
be used to decouple the reference and supply pins.
Decoupling should take place as close to the device as
possible to reduce lead inductance. The digital inputs to the
device should be isolated as much as possible from the
analog outputs and other analog circuitry and should not
overlay the analog ground and power planes.

To reduce noise pick-up, long clock lines to the device
should be avoided. For best performance the analog output
should have a 75Q load connected to analog ground.

LS8 v 10% OVERBRT LEVEL
414 1.071 k
387 1.000 1 SOiRE WHITE LEVEL
92.5 IRE
BLACK LEVEL
132 34
0-343 7.5 1RE
" 0.289 [ BLANK LEVEL
40 IRE
0 0.0 SYNC LEVEL
NOTE: 750 Singly terminaled load, Rggy = 1.82kQ Vpep = 1.0V
Fig.4 Composite video output waveform
BLANK o g v p O Vpo+ 5V
CLOCK © —{] E O REFWHITE
MSB D; 0 {1 b O GVERBAT
D; o {i [} 0 SYNC
= [, ==100n —
s o {] mvosaos |} © STRDAC
DATA D, o E 3 o IO—UI‘-
INPUTS
D; o {1 —
D; o —{] [} -0 DAC OUTPUT
5 {
D| o { { OUT)
LSB Dq o 1
2K
75 75
10n T

Fig.5 Applications/test board
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MV95408

50MHz 8-BIT CMOS VIDEO DAC

The MV95408 is a CMOS 8-bit, 50MHz Digital to Analog
converter, designed for use in both video. graphics and
general digital television applications.

A very low external component count has been
achieved by including the loop amplifier and reference
voltage source on chip.

The device contains a data input register and registered
video controls (BLANK, [TE, OVERBRT ' and
BYNC). These control inputs and associated internal
circuitry allows the MV95408 to be used in video graphics
systems by providing the necessary video pedestal levels.
The Slnﬂ)c input allows the video pedestals to be
disabled in conventional DAC applications.

This device is capable of directly driving 75Q lines with
standard RS-343A or RS-170 video levels, using the
appropriate Rget external resistor.

Pull up resistors have been added to tie all unused
control inputs into their inactive (High) states.

FEATURES

DS2177-2.1
BARK (1 \_/ 200 vy
oK ]2 19 [ REFWHITE

MsBD; []3 18 [] OVERBRT

Dg []4 17[] SWNC

0 5 16 [ ] STRDAT

b, [e 15(] our

b 7 141 oNp

D, []8 13 ;llow

Do 12[] Reer
LSBD, []10 1[0 Veer a';%%

Fig.1 Pin connections - top view
APPLICATIONS

B Low Power Consumption (180mW Typ) B Data Conversion (general)
B 50MHz Pipeline Operation B Computer Graphics
B +1 LSB Differential Linearity Error B Waveform Synthesis
W +1LSB Integral Linearity Error B Commercial TV
B RS-343A/RS-170 Compatible Levels B Instrumentation
B On Chip Reference Voltage Source
B Guaranteed Monotonic ABSOLUTE MAXIMUM RATINGS (Reference to GND)
P ; DC Supply Voltage, Vpp -0.3to +7V
: g{:\vel: ;\5/%532?%5"6:: tly Digital Input Voltage -0.3to Vpp +0.3V
9 PRl Analog Output Short Circuit Duration Indefinite
Ambient Operating Temperature -40°C to +85°C
ORDERING INFORMATION gy 125°C
MV95408 BDP (Industrial - Plastic DIL Package) Storage Temperature Range 8o+
MV95408 BMP (Industrial - Miniature Plastic DIL
Package)
P mm e —————— e
13
-Do [::3_1 °> DAC lout
1 DECODE 1
b REGISTER ) LoaIC N LATCHES ) (s:gsggg 15, o
CONTROL lout
11,16-19 ] 1
1
| T o0
I CURRENT cl) Yoo
I
12 CLOCK INTERNAL o SOURCE | !
CLOCK O=— GENERATION VOLTAGE |—» 144 anD
H REFERENCE :
i !
1
SRS | 1 SN 2y ]
VREF RSET

Fig.2 Block diagram of MV95408
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ELECTRICAL CHARACTERISTICS

MV95408

These characteristics are guaranteed over the following conditions (unless otherwise stated):
As specified in recommended operating conditions. Full temperature range = -40°C to +85°C

DC CHARACTERISTICS
Temp Value
Parameter Symbol C) Min. Typ. Max. Units Conditions
Resolution Full 8 Bits
Integral linearity error INL 25 +0.5 LSB
Full +1 LSB
Differential linearity error DNL 25 0.5 LSB
Full +1 LSB
Gain error 25 +1% 5% % Of full scale
Analog output ) |
Grey scale current range 25 8.8 mA
255 LSB
10% Over Bright level relative to 25 26 27 28 LSB
White level 10 IRE
White level relative to Blank level 25 275 276 277 LSB
100 IRE 75Q singly
Black level relative to Blank level 25 20 21 22 LSB terminated load
75 IRE Rser = 1.8kQ
White level relative to Black level 25 255 LSB (graphics mode)
92.5 IRE
Blank level 25 107 111 115 LSB
40 IRE
Sync level 25 0 LSB
LSB size LSB 25 258 mV
Output compliance Voc 25 -0.3 +1.5 Vv
J
Digital inputs
High level I/P voltage ViH 25 3 Vpp+0.3 v
Low level I/P voltage Vi 25 GND03 12 v
High level I/P current Iy 25 +1 HA
‘Low level I/P current e 25 -1 HA
Internal voltage reference (V| V 25 0.95 1.0 1.05 Vv
Vrer) REE L Fan | oloo 1.10 v
VREer temperature coefficient 40 ppm/°C
AC CHARACTERISTICS (Refer to Fig. 3)
Temp Value
Parameter Symbol C) Min. Vp. Max. Unlté Conditions
Max clock rate fmax Full 50 MHz | maximum
guaranteed freq.
Clock high time teLkH 25 7 ns
Clock low time tokL 25 7 ns
Data and control setup time tsu 25 6 ns
Data and control hold time th 25 2 ns
Analog output delay toLy 25 10 ns
Analog output rise/fall time trr 25 3 6 ns
Analog output settling time ts 25 15 ns
Glitch energy 25 100 pV-sec
Vpp supply current IDD 25 30 mA fc = 15MHz
0o SUPPY 42 mA fc = 50MHz
THERMAL CHARACTERISTICS RECOMMENDED OPERATING CONDITIONS
Thermal Resistance DP MP Rioap (lout and tsgT) v 75(\;
Chip to case 8. 20 30 CIW Vop ! - 50vLo5
. . o Rser (graphics applications) 1.8kQ
Chip to ambient 6, 75 93 cw Rser (straight DAC applications) 1.2kQ
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Mv95408

CIRCUIT DESCRIPTION

As illustrated in the function block diagram, Fig. 2, the
MV95408 contains an 8-bit D-to-A converter, input registers,
a loop amplifier and voltage reference.

On the falling edge of each clock cycle, as shown in Fig. 3,
eight data bits are latched into the device and passed to the
8-bit D-to-A converter. Also latched on the falling edge of the
clock signal, the SYNC and BLANK inputs add the
necessary weighted currents to the analog outputs to
produce the required output levels for use in video
applications. Table 1 details how the SYNC, BLANK,
F%EFWHIIE and OVERBRT inputs modify the DAC output
levels.

To obtain a high data throughput rate, the decoding logic of
the MV95408 is fully pipelined. This introduces a one clock
cycle delay between the latching of the input data and the
resultant DAC output.

It also ensures synchronisation of the internal data and a
minimal output glitch energy.

The DAC employed by the MV95408 eliminates the need
for precision component ratios by using a segmented
architecture in which equal weight bit currents are either routed
to loy of TouT The use of identical current sources and current
steering their outputs means that monotonicity is guaranteed.

The MV95408 eliminates the need for an external voltage
reference by providing a nominally 1.0V reference on chip. An
on-chip loop amplifier also provides stability of the full scale
output current against power supply and temperature
variations. The full scale output current is set by an external
resistor Rger: By adjustment of this value it is possible to
implement RS-343A or RS-170 video levels as explained in the
application notes.

CLOCK

okn - Clock input high period
ke - Clock input low period
ooy - 50% clock 10 10% output delay

oaTA N+ X DATA N >f

<

‘\ oLy —>= -
KEY -

DATA N
LATCHED

DATA N+|
sy —»| 1y |

tgg - 10% - 90% oulpul rise time
L - 50% - FS +1 LSB settling time OUTPUT SETTLED
FOR DATAN
OUTPUT /
Fig.3. Timing diagram
Description STDAC | SYNC | BLANK | REFWHITE | ovERBRT | OUTPUT lour
DATA (LSB)
REFWHITE + 10% 1 1 1 0 0 X 414
REFWHITE 1 1 1 0 1 X 387
FULL WHITE 1 1 1 1 1 $FF 387
OVERBRIGHT 1 1 1 1 0 DATA DATA+
132 + 27
FULL BLACK 1 1 1 1 1 $00 132
BLANK 1 1 0 X X X 11
DATA-SYNC 1 0 1 1 1 DATA DATA+ 21
SYNC 1 0 0 X X X 0
STRDAC MODE 0 X 1 1 X DATA DATA

Table 1: Video output truth table
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Pin Name Description

2 CLK The clock Input. The falling edge of the clock latches the DATA, BLANK, SYNC, OVERBRT and

inputs into the logic pipeline. The decoded data will be latched into the DAC output 1
clock cycle later. The clock frequency determines the update rate of the DAC output.
3-10 D+-Do The data inputs. Dy is the least significant bit (LSB). The coding is in straight binary only.
13,15 louT» logT | The current output and its complement. These are the high impedance current source outputs of
the DAC capable of driving a 75 load up to a voltage of 1.5V.

14 GND Analog ground for the DAC.

20 Voo Analog power for the DAC

1 VREF The output of the internal voltage reference generator. This output is nominally 1V, and
should be decoupled with a 10nF capacitor.

12 Rser The full scale adjust control. The Rggt resistor is connected from this pin to ground. An internal
loop amplifier adjusts a reference current flowing through the Rggry resistor so that the voltage
across the resistor is equal to the Vrer voltage. This reference current has a weighting equal to
16 LSB’s.

1 BLANK The composite blank control input. A logical zero on this input removes the Black pedestal
from the lgyT output, whilst forcing the internal data to the DAC to $00. This input is latched on
the clock falling edge and will override the REFWHITE and OVERBRT inputs. The Black
pedestal is 7.5 IRE units (actually 21 LSB’s). If left cpen circuit this input is internally tied high.

17 SYNC The composite sync control input. A logical zero on this input removes the Blank pedestal
from the loyrt output. The Blank pedestal is nominally 40 IRE units (actually 111 LSB's). The
SYNC input does not override any other control lines. This input is latched on the clock falling
edge. If left open circuit this input is internally tied high.

19 REFWHITE | The reference white level control Input. A logical zero on this input overrides the input data,
forcing the data to $FF. The BLANK input will override this input. If left open circuit this input is
internally tied high.

18 OVERBRT | The 10% overbright control input. A logical zero on this input switches the Overbright pedestal
into the Iyt output. The Overbright pedestal is 10 IRE units (actually 27 LSB's). This input does
not override any other input. The BLANK input overrides this input. If left open circuit this input is
internally tied high.

16 STRDAC | The straight DAC control input. A logical zero on this input causes the Black, Blank and

Overbright pedestals to be disabled, removing them from both oyt and IggT. This allows the
DAC contribution to the output to be extended to a full 1 Volt. To obtain this extra DAC range, it is
necessary to reduce the Rggr resistor value, see application notes. The BLANK the

inputs may still be used to force the input data to $00 or $FF respectively. With the STRDAC pin
held low the output current can be calculated from:

Output current = Data x 1 LSB

VReF
Where 1 LSB= 76 % Reer
Full scale = 255 LSB
VREF =1.0V typ.
The exact value of 1 LSB must be calculated from the full scale output.
If left open circuit this input is internally tied high and the device will be configured for video graphics.
In this mode the output current can be calculated from:

Output current = (DATA+21 + 111)x 1 LSB
VRer = 1.0V typ.
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APPLICATIONS INFORMATION
RS-343A and RS-170 Video Generation
For generation of RS-343A compatible video levels (see
Fig.4) it is recommended that a singly terminated 75Q load
be used with an Rggt resistor value of approximately 1.82kQ
Similarly for the generation of RS-170 video levels a
singly terminated 75Q2 load should be used but in association
with an Rggt value of approximately 1.29kQ to provide the
increased voltage range.

Non-Video Applications

The MV95408 may be used in non-video applications as
explained in the pin description for S'Tﬁm%) mode.The
relationship between Rger and the full scale output current
has been explained previously and for a singly terminated
75Q load an Rggy resistor value of approximately 1.19kQ
should be used.

PCB LAYOUT CONSIDERATIONS

The PCB layout should provide low noise on the
MV95408 power and ground lines by shielding the digital
inputs and providing adequate decoupling. The PCB should
utilise both power and ground planes for best performance,
connecting both planes to their respective regular PCB
planes through a ferrite bead located as close as possible to
the device. For best performance, a 100nF capacitor should
be used to decouple the reference and supply pins.
Decoupling should take place as close to the device as
possible to reduce lead inductance. The digital inputs to the
device should be isolated as much as possible from the
analog outputs and other analog circuitry and should not
overlay the analog ground and power planes.

To reduce noise pick-up, long clock lines to the device
should be avoided. For best performance the analog output
should have a 75Q load connected to analog ground.

LsB v 10% OVERBRT LEVEL
414 1.071
387 oo | Y10IRE WHITE LEVEL
\
92.5 IRE
BLACK LEVEL
132 0.343 7.5 IRE
" oase |1 BLANK LEVEL
40 IRE
0 0.0 ¥ SYNC LEVEL
NOTE: 75Q Singly terminated 10ad, Rgey = 1.82kQ Vg = 1.0V
Fig.4 Composite video output waveform
BLANK o0— 1 VY [ O Vpo +5V
CLOCK O— {] [}— © REFWHITE
MSB D, o {] I © OVERBRT
Ds o {] [} 0 SYNC
o A [, ==100n o SRoic
s O {l mvesaos [} STRDAC
T —
::JAPUATS O 0 { [+ © lour
Dy o {] —
D: o { ] DAC( |OU'I)’PUT
0 o (i — our.
Lse Dn ° [ ‘ ]_‘ r—>| hm.
75 75
10n T

Fig.5 Applications/test board
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SP98608

8-BIT LATCHED 450MHz MULTIPLYING D-A CONVERTER

The SP98608 is an ECL 10K compatible 8-bit latched
DAC. The 2.2nsec settling time allows a 450 megasample
per second conversion rate. An inherently low glitch design
is used and the complementary current outputs are suitable
for direct transmission line drive. The SP98608 design
includes a high performance band-gap voltage reference
and reference amplifier.

Both current and voltage multiplying modes are availa-
ble. The input latch can be switched into transparent mode
for applications that require low through delay.

FEATURES

Latched Inputs

2.2ns Settling Time '/, LSB Typically

8 Bits +'/, LSB Integral and Differential Linearity
Operating Temperature Range -40°C to +85°C
ECL 10K Standard Inputs

Complementary Current Outputs, 40mA Full Scale
Reference Temperature Coefficient Typically
<40ppm/°C

B Single -5.2V Supply

ORDERING INFORMATION
SP98608 BDG (Industrial - Ceramic DIL Package)

APPLICATIONS

Data Conversion

Video Graphic Displays
Instrumentation
Waveform Generators
High Speed Modems
ADC Evaluation

DS2091-2.0
mel1 \/ 24[] wp(amp)
Ne[] 2 23[] TP(AMP)
Msg)D, []3 22 {7 Vrerour
0, s 21 g AMPLIFIER GND
D, []s 20 (]fo
o e 19 gb .
ANALOG Vee [} 7 18 [ ] ANALOG GND
Ds []s 17 [ ANALOG Vgg
D o 16 [ ] DECOUPLE/MULT
D; [J10 15 [ ] FEEDTHROUGH
(LsB)Dg []11 14 [J cLock
DIGITAL Vge []12 13 [] DIGITAL GND
DG24
Fig.1 Pin connections - top view
ABSOLUTE MAXIMIM RATINGS
Supply Voltage, A"
Digital Input Voltage -0to -4.5V
Maximum Rget 2.5kQ
Output Reference Supply (V}) 0to+3V
Reference Input 2V
Storage Temperature Range -55°C to +150°C
Operating Junction Temperature <175°C
Lead Temperature (soldering 60 sec) 300°C

THERMAL CHARACTERISTICS
6JC = 28°C/W
6JA = 90°C/W
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

Tamb = 25°C; Veg = -5.2V + 5%; Rggr = 240Q; Input voltage: High = -0.81V, Low = -1.85V

Characteristic Min. ‘.ﬁlr Max. Unit Conditions
Supply current lgg 135 154 mA all inputs at -1.8V
Digital inputs
Input High voltage, V|4 -0.96 -0.81 \" standard ECL
Input Low voltage, V. -1.85 -1.65 \" 10K compatible
Input High current, Iy 115 200 RA all inputs HI
Reference voltage Vper -1.280 v
Reference voltage temp. coeff. 0 +80 ppm/°C | -30°C to +85°C
Output current - full scale 2 44 mA Rgser 1.3kQ to 85kQ
Output current - full scale 38 42 mA Rger = 130Q
Output compliance 1.2 +1.0 v Tamb = 25°C Note 3
-1.0 +1.0 v Tamb = 85°C Note 3
Bit size (LSB) 158 166 175 HA current output
Rser = 130Q
Resolution 8 Bits
Accuracy
Integral non-linearity +0.5 LSB
Differential non-linearity +0.5 LSB
Output dynamic parameters (see Note 1)
Rise time t, 600 ps 10 to 90%
Glitch energy (latched) 20 psV mid-point
Glitch energy (transparent) 140 psV transition
Noise output -90 -83 dBm see Note 2
Power supply rejection ratio (output WRT supply) 45 80 dB +0.3V at 20kHz
Multiplying mode - voltage
Multiplying input voltage range -2 0 \"
Reference input resistance 10 kQ
Multiplying input bandwidth 30 MHz -3dB
Transfer function non-linearity 0.2 1.0 dB DC
Multiplying mode - current
Multiplying input voltage range 1 15 mA
Reference input resistance 400 Ohms
Multiplying input bandwidth 300 MHz -3dB
Transfer function non-linearity 1.0 3.0 %FS DC

NOTES
1. Dynamic parameters guaranteed but not 100% tested.

2. Noise in any 10kHz band in the range 0.1 to 500MHz, for any digital input.
3. The output positive compliance can be increased beyond +1.0V at the expense of linearity. SEe Fig.4 for circuit configuration.
4. Analog and digital grounds should be connected together at the device pins.

Dynaml(cNZ*::r:\)ctensﬂc symbol | i "Tij:e Max, | UMMt Conditions
Update rate Feik 450 MHz
Latch setup time tg 0.9 ns
Latch hold time th Y ns
Settling time full scale tt 2 ns 1/, LSB
Internal clock delay te 500 ps
Internal time to 10% t; 50 ps
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ANALOG
GND

ECL INPUTS

- T L

RSET]

5 —%:T_—?w_?a)—js_ I (I ?l—!$83_

—

} 8-BIT LATCH rT‘TCLOCK
REF.OUT o 50 four

I ATTEN

0 lout
19 |

DIGITAL
GROUND

QUTPUT
CURRENT |
SET |
E_u D.J _‘D_____’?J,_ wx_ _+ |
VEE AVEE DGND AGND
DG24
Fig.2 SP98608 block diagram
OPERATING NOTES

The pinout of the SP98608 is shown in Fig.1. External
components are the current-setting resistor and decoupling
capacitors. ‘

The DAC has current outputs, with a nominal full-scale
of 40mA, corresponding to a 1V drop across a 25Q load.

The actual output current is determined by the on-chip
reference voltage and an off-chip current-setting resistor.

Output current, loy, is given by: :

-~ x —REF atfull scale
400 + Rioap  Rser

A complementary Iyt is also provided. If single-ended
output operation is employed, it must be ensured that the °
complementary output is terminated in an identical manner

lout =

to the used output. The setting resistor, Rge, is typically
1304, giving a full-scale output current of 37mA and should
have a temperature coefficient similar to that of the output
load resistor.

Reference

The reference supply is internally compensated;
however, to reduce the possibility of instability in some
circuits, it has been bonded out to pin 16, it can therefore be
decoupled to AVgg if required.

Clock

The clock input is ECL 10K compatible. Data at the
device inputs is acquired by the latch on the rising edge of
the clock pulse.

AVEE
I!_—\ AGND
.L'L——I “'
__j__ [ 10 _‘[ )
130, =
50 | |25 50,
IREF 21 18 \
1on P 24 .
P 23 1V (OUTPUT)
22 SP98608
AVEE Oy 7
10;1I 10n SJn_L 16
12,
= = 153 45 6 8 9101114 00
L7
FT O— ms8 LS8 o CLOCK

ECL DIGITAL INPUTS

Fig.3 Test application circuit
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AGND —= !
)
1-11mA
MULTIPLY 1 18 25 WD
INPUT 16 T
J—_——— 24 4>
1V OUTPUT
ae 1 1 -
GND 23 SP98608
- 22
AVee 1on == |
17
T o 15 3 4 5 6 8 9 10 11
msB LS8
Fy ~— v J CLOCK
ECL DIGITAL INPUTS
Fig.4 Current multiplying mode
F; (Feedthrough)

The Fy input allows both transparent or latched data
inputs. When open circuits this pin will self bias to -2V and
the data will be retained by the input latch for one half clock
cycle.

When the Fy input is connected to 0V the input latch will
be transparent. In this mode, it is essential that the input
data has low time skew (<100ps) to avoid output glitches.
Multiplying Mode

Multiplying operation of the DAC is available in two
modes: either a voltage applied in place of the internal
reference, or a current supplied via the current set pin.

Voltage Multiplying. The transfer function is
approximately: loyr (Full Scale) = 4 x Vn/Rset. While this
mode offers the best linearity of operation, the frequency
response limitations mean that the maximum usable
bandwidth is limited to approximately 50MHz.

Current Multiplying. A circuit for using the DAC in

current multiplying mode is shown in Fig. 4. The transfer
function is approximately; Ioyr (Full Scale) = 4 x Ijy. In this
mode the current setting loop amplifier is not used.

The operational bandwidth of the current input to -3dB is
at least 320MHz.

A 1V output is obtained into 25 ohm when a current of
approximately 11mA is fed into pin 1 and the input code is
selected for full output current.

Output Compliance

Using the SP98608 with a load resistor not referred to
ground, allows a larger output swing than the conventional
connection of Fig. 3. Connecting analog ground and the
current-setting resistor Rggr to the load return supply
ensures that the scale factor of the output is independent of
the load.

Extending the compliance beyond +1V may cause slight
degradation of linearity; +3V should be considered an
absolute maximum.

)

/A

ANALOG OUTPUT
FOR DATA N

DATA N-1
— - t‘
INTERNAL CLOCK
AFTER PROPAGATION
DELAY, t, /

Fig.5 Timing diagram - latched mode
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DATA

A X

l«—t, —>|

ANALOG OUTPUT |

————————

wss

Fig.6 Timing diagram - transparent mode
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VP101

30/50MHz 8-BIT CMOS VIDEO DAC

The VP01 is a CMOS 8-bit video DAC designed for
use in high performance, high resolution colour graphics
applications.

The device uses video control inputs (BLANK, SYNC
and REF WHITE) to provide the VP101 with the video
pedestal levels required to generate RS-343A compatible
video signals into a doubly-terminated 75Q load, or
alternatively to produce RS-170 video signals across a
singly-terminated 75<2 load.

Data and control inputs are fully pipelined to maintain
synchronisation between the DAC outputs.

The full scale output current is defined by a 1.2V
reference and a single resistor. The reference voltage is
included on-chip in the VP101, but may be supplied
externally if required (see Fig. 2).

Differential and integral linearity errors of the D-A
converters are guaranteed to be a maximum of +1LSB over
the full operating temperature range.

FEATURES

30/50MHz Pipeline Operation

Triple 8-Bit D-A Converters

+1 LSB Differential Linearity Error
+1 LSB Integral Linearity Error
Guaranteed Monotonic
RS-343A/RS-170 Compatible Levels
Drives Doubly Terminated 75Q Load
Single 5V Power Supply

Typical Power Dissipation 500mwW
Direct Replacement for Bt101
On-Chip Reference Available

APPLICATIONS

B High Resolution Colour Graphics
B CAE/CAD/CAM Applications

B |mage Processing

B Video Reconstruction

B [nstrumentation

ORDERING INFORMATION
VP101-3 BA DP (Commercial - Plastic DIL Package)
VP101-3 BA HP (Commercial - J-lead Package)
VP101-5 BA DP (Commercial - Plastic DIL Package)
VP101-5 BA HP (Commercial - J-lead Package)
VP101-3 BA GP (Commercial - Plastic Leaded Chip
Carrier, Gullwing formed leads)

ABSOLUTE MAXIMIM RATINGS (Referenced to AGND)

DC supply voltage (Vaa) -0.3t0 +7V
Digital input voltage -0.3to Vpp +0.3V
Analog output short circuit duration Indefinite
Ambient operating temperature 0°Cto +70°C

Storage temperature range -55°C to +125°C
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DS3002-2.0
G 1 N\_7 a0 Gs
Rr 2 397 Gg
Rs ] 3 381 Gr
Rs 4 371 BLANK
Ry 5 36 [1 3YRC
B e 35[7 AGND
Bs 7 3471 108
Bs 8 33[7 IOR
Bs o 32[7 10G
Vaa [ 10 310 lsyne
AGND ] 11 30 [J Vaa
By ] 12 29 [ AGND
By O] 13 28 [ FS ADJUST
B, 14 273 Vper
B3 ] 15 26 [7 COMP
cLock ] 16 25 |7 REF WHITE
Ro 17 2401 G
Ri ] 18 231 G,
Ry }19 22[7 G
Ry 0 217 G
Oz 1 Go DP40
w
=
n.; S
w
B eSS LD
rowTO N O
________ P
VREeF 18 6 By
FS ADJUST 19 5 B,
AGND 20 4 Bj
AGND 21 3 B
Vaa 22 2 AGND
Van 23 o 1 AGND
Isyne 24 a4 “//u
10G 25 43
IR 26 2By
108 27 41 Bg
AGND 28 40 Bg
HP44
PorNoswe~oo
225933853
EE&?&JE&"&’!EE
w
£
az 3
'™ o
Bhossseawe
FPoorowTaa -
HOORROHHRRH
VREF 12 o Y44 B,
FS ADJUST 13 =43 B,
AGND 14 fr— 42 B;
AGND 15 o 141 B,
w 16 —f F— 40 AGND
AA 17 14 1 39 AGND
Isyne 18 = Fr38 Var
10G 18 Iy 37V
I0R 20 11} 36 aﬁ“
10B 21 35 Bg
AGND 22 11 34 By
GP44

Fig.1 Pin connections (not to scale) - top view
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|

FS ADJUST O—'—tD

SYNC O——————>1
BLANK O—>
REF WHITE O—————>
N

- =

Vaer  Vaa

i

40k

 E——

1.2V INTERNAL

LooP
AMPLIFIER

REFERENCE

Bg-8; [

Gg-Gy [

amIO-AP»r »->»0

RoR;

—— ) = - o o o o]

Fig.2 functional block diagram of VP101

RECOMENDED OPERATING CONDITIONS

Symb Value : :
Parameter ol Min. Typ. Max. Units Conditions
Supply voltage Vaa 4.75 5.00 5.25 \
Ambient operating temperature Tamb 0 +70 °C
Output load Ry 37.5 Q
Reference voltage VRer 1.14 1.20 1.26 for RS-343A compatible output levels
(internal or external)
FS ADJUST resistor RseT 542 Q
THERMAL CHARACTERISTICS
DP HP GP
Thermal resistance, chip-to-case ejc = 12 17 17 °CW

Thermal resistance, chip-to-ambient 0 = 45 50 50 °C/W
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ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):

As specified in recommended operating conditions.

DC CHARACTERISTICS
Value .
Parameter Symbol Min. Typ. Max. Units Conditions
Resolution (each DAC) 8 Bits
Accuracy (each DAC)
Integral linearity error INL +0.3 +1 LSB
Differential linearity error DNL +0.3 +1 LSB
Grey scale error +1% 5% % grey scale
Monotonicity guaranteed
Digital inputs
Input high voltage ViH 3.0 Vpa+0.3 \Y binal
Input low voltage Vi | AGND-03 12 v oy
Input high current I +1 A 9
Input low current e -1 LA
Analog outputs
Grey scale current range 15 20 mA 3
255 LSB
Output currents
White level relative to blank level 17.69 19.06 20.40 mA
276 LSB
White level relative to black level 16.74 17.62 18.50 mA
255 LSB RS-343A
Black level relative to blank level 0.95 1.44 1.90 mA > tolerances
21 LSB assumed
Blank level on IOR, IOB 0 5 50 mA
0 LSB
Blank level on IOG 6.29 7.62 8.96 mA
. 11 LSB
Sync level on I0G 0 5 50 pA
LSB J
LSB size LSB 69.1 uA
DAC to DAC matching 2 %
Output compliance Voc -0.5 +1.4 \"
External Vggg input current IRer 10 pHA
Internal voltage reference VRer 1.14 1.20 1.26 \
Internal Vper temperature coefficient 40 ppm/°C
AC CHARACTERISTICS
VP101-5 VP101-3 . .
Parameter Symbol Min. Typ. Max. | Min. Typ. Max. Units Conditions
Max clock rate fnax 50 30 MHz
Data and control setup time tsu 6 8 ns
Data and control hold time tH 2 2 ns
Clock cycle time tcyc 20 33.3 ns
Clock pulse width high time teLKH 8 10 ns
Clock pulse width low time toLKL 8 10 ns
Analog output delay oLy 10 10 ns
Analog output rise/fall time tvre 8 9 ns
Analog output settling time ts 12 15 ns
Glitch energy 100 100 pV-sec
Analog output skew 0 3 0 3 ns
Pipeline delay 1 1 1 1 1 1 Clock
Vaa supply current laa 120 175 100 140 mA at fax, Vaa =5V
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CIRCUIT DESCRIPTION

As shown in the Fig. 2, the VP101 contains three 8-bit
D-A converters, input latches, and a loop amplifier.

On the rising edge of each clock cycle, (see Fig. 4), 24
bits of colour information (Rg-R;, Go-G7, and By-B7) are
latched into the device and presented to the three 8-bit D-A
converters. The REF WHITE input, also latched on the rising
edge of each clock cycle, and will force the inputs of each D-
A converter to $FF.

SYNC and BLANK are latched on the rising edge of the
clock to maintain synchronisation with the colour data.
These inputs add appropriately weighted currents to the
analog outputs, producing the specific output levels required
for video applications as shown in Fig. 3. Table 1 details how
the SYNC, BLANK, and REFWHITE inputs modify the
output levels.

The Igync current output is typically connected directly
to the 10G output and is used to encode sync information
onto the 10G output. If Igync is not connected to the 10G
output, sync information will not be encoded on the green
channel, and the IOR, I0G and IOB outputs will have the
same full scale output current.

VP101

Full Scale output current is set by an external resistor
(RseT) between the FS ADJUST pin and AGND. Rget has a
typical value of 542Q for generation of RS-343A video into a
37.5Q load. The VP101 may be used in applications where
an external 1.2V (typical) reference is provided, in which
case the external reference should be temperature
compensated and provide a low impedance output.

The D-A converters on the VP101 use a segmented
architecture in which bit currents are routed to either the
output or AGND by a sophisticated decoding scheme.This
architecture eliminates the need for precision component
ratios and greatly reduces the switching transients
associated with turning current sources on or off.
Monotonicity and low glitch energy are guaranteed by using
identical current sources and current steering their outputs.
An on-chip operational amplifier stabilises the full scale
output current against temperature and power supply
variations.

The analog outputs of the VP101 are capable of directly
driving a 37.5Q load, such as a doubly terminated 75Q co-
axial cable or interpolation filters.

WHITE LEVEL

BLACK LEVEL

Red/Blue Green
mA v mA v
19.06 | 0.714 | 26.68| 1.000
92.5 IRE
1.44 | 0.054 | 9.06 | 0.340
11.5 IRE
0.00 | 0.000| 7.62 | 0.286
40 IRE
0.000 | 0.000

BLANK LEVEL

SYNC LEVEL

NOTE : 750 doubly terminated load, Rger = 5429, Viee = 1.2V, lgyyc connected to 10G, RS-343A levels assumed

Fig.3 Composite video output waveform

Description (lgg IC:Eq/IAO)B V\?I-E?E SYNC BLARK I/F?S;:ta
White Level 26.68 19.06 1 1 1 $XX
White Level 26.68 19.06 0 1 1 $FF
Data Data +9.06 | Data+ 1.44 0 1 1 Data
Data-Sync Data+ 1.44 | Data+1.44 0 0 1 Data
Biank Levei 9.06 1.44 0 i 1 $00
Blank-Sync 1.44 1.44 0 0 1 $00
Blank Level 7.62 0 X 1 0 $XX
Sync Level 0 0 X 0 0 $XX

NOTE: Typical with full scale IOG = 26.68mA, Rggt = 542Q, Vrer = 1.2V, Igync connected to I0G

Table 1: Video output truth table
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Pin name Description

BLANK | Composite blank control input. A logic ‘0’ forces the IOR, IOG and OB outputs to the blanking level, as
illustrated in Table 1. It is latched on the rising edge of CLOCK. When BLANK is a logic zero, the Ry-R;, Go-
G5, By-B7, and REF WHITE inputs are ignored.

SYNC Composite sync control input. A logic ‘0’ on this input switches off a 40 IRE current source on the Igync
output. SYNC does not override any other control or data input as shown in Table 1; therefore it should be
asserted only during the blanking interval. It is latched to the rising edge of CLOCK.

REF Reference white level control input. A logic ‘1’ on this input forces the IOR, IOG and IOB outputs to the white
WHITE level, regardless of the Ry-R;, Go-G7 and By-B5 inputs. It is latched on the rising edge of CLOCK. See table 1.
Ro-Ry Red, Green, and Blue data inputs. Ry, Gy, and By are the least significant data bits. They are latched on the
Go-G7 rising edge of CLOCK. Coding is binary. Unused inputs should be connected to either the regular PCB power

By-B; or ground plane.

CLOCK | Clock input. The rising edge of CLOCK latches the Ry-R;, Go-G; and By-B; SYNC, BLANK, and REFWHITE
inputs. It is typically the pixel clock rate of the video system. It is recommended that the CLOCK input be
driven by a dedicated CMOS buffer.

IOR,IOG, | Red, Green, and Blue current outputs. these high impedance current sources are capable of directly driving a
0B doubly terminated 75Q co-axial cable. All outputs, whether used or not, should have the same output load
(Note: A DC path to ground must be maintained).

Isyne Sync current output. Typically this current output is directly wired to the IOG output, and enables sync
information to be encoded onto the green channel. A logic ‘0’ on the SYNC input results in no current being
output to this pin, while logic ‘1’ results in the following current being output:

Veer (V)
| mA) = 3468 X =111 LSBs
sync (MA) Reer @)
If sync information is not required on the green channel, this output may be connected to Vaa and the SYNC
input tied high, causing the Igync current source to be turned off, reducing the power consumption.
FS Full scale adjust control. A resistor (Rggt) connected between this pin and AGND controls the magnitude of
ADJUST | the full video signal (Fig. 3). The current flowing in the Rggy resistor is equal to 32 LSBs. note that the IRE
relationships in Fig. 3 are maintained, regardless of the full scale output current.
The relationship between Rgey and full scale current on I0G (assuming Igync is connected to I0G) is:
I0G (mA) = 12082 X YREF (V) _ 307 | oBs
Rset (Q)
The full scale output current on IOR, IOB (mA) for a given Rggr is defined as:
Veee (V)
IOR, IOB (mA) = 8624 X =276 LSBs
(mA) Rser ()

COMP Compensation pin. This pin provides compensation for the internal loop amplifier. A 0.01uF ceramic capacitor must
be connected between this pin and the nearest V5 pin.

Connecting the capacitor to Vaa rather than to the AGND provides the highest possible power supply noise
rejection.

VRer Voltage reference output. The output from an internal reference circuit, providing 1.2V (typical) reference.A
0.1uF ceramic capacitor must be used to decouple this output to Vpa.

AGND Analog ground. All AGND pins must be connected.

Vaa Analog power. All Vpa pins must be connected.
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APPLICATION NOTES

RS-343A and RS-170 Video Generation

For generation of RS-343A compatible video levels it is
recommended that a doubly terminated 75Q load be used
with an Rger resistor value of approximately 542Q

Similarly for generation of RS-170-compatible video, it is
recommended that a singly terminated 75Q load be used
with an Rget value of about 774Q. If the VP101 is not driving
a large capacitive load, there will be negligible difference in
video quality between doubly ‘terminated 75Q ‘and singly
terminated 75Q loads.t

If driving a large capacitive load (load RC >1/2010f,) it is
recommended that an output buffer with unloaded gain >2 be
used to drive a doubly terminated 752 load.

COMP Resistor

To optimise the settling time of the VP101, a resistor
may be added in series between the COMP capacitor and
COMP pin. The series resistor damps inductive ringing on
COMP, thus improving settling time.

TIMING WAVEFORMS

VP101

Non-Video Applications

The VP101 may be used in non-video applications by
disabling the video specific_control inputs. REF WHITE
should be a logic ‘0" while and should be a
logic ‘1". Igync should be connected to Vaa or AGND. All
three outputs will have the same full scale output current.

The relationship between Rget and full scale output
current (loyt) in this configuration is as follows:

lout (MA) = 7968 X VRer (V) = 255 L SBs
Rser ()

Ve (V)
32 X Reet Q)
With the data inputs at $00, there is a DC offset current (Iyi)
defined as follows:

Note that 1 LSB=

Imin (MA) = 656 X Vger (V) =21 LSBs
Rser (©)
Therefore the total full scale output current will be Ioyr +

Imin- The REF WHITE input may optionally be used as a
‘force to full scale’ control.

eve

tewkn | _towk

cLock _A

Rg-R7, Go-G7, By-87

10R, 10G, 108, lgync

S, s, me e XX KKCK XXX

/4
= <t
(o YRR XEXRRC
oy —>| |e—
- -~
] e tyne

Fig.4 Input/output timing

NOTES

1. Output delay, tp, y, measured from the 50% point of the rising edge of CLOCK to the 50% point of full scale transition.
2. Settling time, tg, measured from the 50% point of full scale transition to the output remaining within + 1 LSB.
3. Output riseffall time, tyge, measured between the 10% and 90% points of full scale transition.
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VP101

PCB LAYOUT CONSIDERATIONS

To obtain the optimum performance from the VP101
great care must be taken in the PCB layout to ensure low
noise power and ground lines. This can be achieved by
shielding the digital inputs and providing good decoupling.

Power and Ground Planes

The VP101 and its associated circuitry should have its
own power/ground planes connected at a single point
through a ferrite bead. It is important that the regular PCB
and ground planes do not overlay any portions of the analog
power or ground planes to minimise plane-to-plane noise
coupling.
Digital Signal Interconnect

The digital signal lines to the VP101 should be isolated
as much as possible from the analog circuitry. Due to the
high clock rates used, the clock lines to the VP101 should be
as short as possible to minimise noise pickup.

Any pull-up resistors used on the inputs should be
connected to the regular PCB power plane, not to the analog
power plane.

Supply Decoupling

Noise on the analog power plane will be further reduced
by the use of multiple decoupling capacitors (See Fig. 5).

Optimum performance is obtained with 0.1pF chip
ceramic capacitors placed as close as possible to the Vaa
pins, with the shortest leads possible to reduce lead
inductance.

It should be noted that while the loop amplifier circuitry
of the VP101 will reject power supply noise, this rejection
decreases with frequency. Any high frequency noise on the
reguiar supply (such as produced by a switch mode power
supplies) must be adequately suppressed, else the designer
should consider using a three terminal regulator to supply the
analog power plane. '

Analog Signal Interconnect

For optimum performance the analog output connectors
and source termination resistors should be as close as
possible to the VP101 to minimise noise pickup and
reflections due to impedance mismatch.  The video out
signals should overlay the ground plane and not the analog
power plane, to maximise the high frequency power supply
rejection.

VP101 come Fi::l;i
Tl‘on
Var _L -LANALOG POWER PLANE S +5V
0.1p 0.1y 1k
v I _ OPTIONAL 1.2V, 10u 33u
REF TANTALUM TANTALUM
AGND GROUND
FS ADJUST il
on 9
2 VIDEO
los S) CONNECTORS
oo )
Isvne =

Fig.5 VP101 typical connections
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GEC PLESSEY
A srviconnucrons]

DS3005-2.1

ZN425E8

8-BIT D-A/A-D CONVERTER

The ZN425 is a monolithic 8-bit D-A 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 GROUND 777610 Vier OUTPUT
very simply by clocking the counter. INPUT SELECT ] 2 151 Vagr INPUT
FEATURES COUNTER RESET [ 3 14 (1 ANALOG OUTPUT
1 . . cLock O] 4 137 BIT 1 (MSB)
B +'/, LSB Linearity Error BTs 5 125 er2
W 0°C to +70°C ) BT7 6 BB
B TTL and 5V CMOS Compatible BIT6 O 7 10 BIT4
B Single +5V Supply WVec 8 9 BIms
B Settling Time (D-A) 1us Typical
B Conversion Time (A-D) 1ms Typical, using Ramp
and Compare Technique DP16
W Extra Components Required - - - -
. . . t -
D-A: Reference Capacitor (Direct Voltage Output Fig.1 Pin connections (not to scale) - top view
through 10kOhms Typ.)
é;D;C%grmparator, Gate, Clock and Reference ABSOLUTE MAXIMUM RATINGS
P Supply voltage, Vee +7.0V
ORDERING INFORMATION Max. voltage, logic and VRgf inputs +5.5V See note 3
Ambient operating temperature 0°C to +70°C Operating temperature range 0°Cto +70°C
PackageDP16 Storage temperature range -565°Cto +125°C
_____________________ 1
|
I
R-2R LADDER }_._u; ANALOGUE
VRE
ouTPU |

SWITCHES I—————oﬁ I VREF INPUT

|
_———-—E(l) BIT 1 (MSB)
0 BIT2

O BIT3

195 BiTa

NPUT SELECT SWITCH ]

l |

eueer | JENERENEEERERER |
o i

|

(HIGH FOR COUNTER) |

|
cLock o‘*[ 8 BIT BINARY COUNTER

| —L L sclJcoumannEssr

(LOW TO RESET)

O
-1

Fig.2 System diagram
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ZN425

ELECTRICAL CHARACTERISTICS
(at Tymp = 25°C and Ve = +5V unless otherwise stated)

INTERNAL VOLTAGE REFERENCE

Parameter Symbol Min. Typ. Max. Units Conditions
Output voltage VRer 2.4 2.55 2.7 \ | = 7.5mA (internal)
Slope resistance Rs - 2 4 Q | = 7.5mA (internal)
VRer temperature coefficient - 40 - ppm/°C I = 7.5mA (internal)

NOTE: The internal reference requires a 0.22uF stabilising capacitor between pins 1 and 16.

8-BIT D-A CONVERTER AND COUNTER

Parameter Symbol Min. Tvp. Max. Units Conditions
Resolution 8 - - bits
Non-linearity B - +0.5 LSB see note 3
Ditferential non-linearity - +0.5 - LSB see note 6
Settling time - 1.0 - us 1LSB step
Settling time to 0.5L.SB - 1.5 2.5 us All bits ON to OFF
or OFF to ON
Offset voltage ZN425E8 Vos - 3 8 mV All bits OFF
See note 3
Full-scale output 2.545 2.550 2.555 \Y All bits ON
Ext. VREF =2.56V
Full-scale temp. coefficient - 3 - ppm/°C Ext. Vg = 2.56V
Linearity error temp.coeff. - 7.5 - ppm/°C relative to F.S.R.
Analog output resistance Ro - 10 - kO
External reference voltage 0 - 3.0 \
Supply voltage Vee 45 - 55 \Y See note 3
Supply current Is - 25 35 mA
High level input voltage Viy 2.0 - - \Y See notes 1 and 2
Low level input voltage Vi - - 0.7 \Y
High level input current I - - 10 uA Vee = max.
V) =24V
100 uA Vee = max.
V=55V
Low level input current I - - -6.8 mA Ve = max.
bit inputs V=03V
Low level input current, clock I - - -0.18 mA
reset and input select
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ELECTRICAL CHARACTERISTICS (cont.)

ZN425

Parameter Symbol Min Typ Max Units Conditions

High level output current lon - -40 HA
Low level output current loL - 1.6 mA
High level output voltage Vou 2.4 - - \ Vec=min. Q=1

' lioad = -401A
Low level output voltage Vor - - 0.4 \Y Vec=min.Q=0

lioad = 1.6MA
Maximum counter clock fe 3 5 - MHz See note 5
frequency
Reset pulse width R 200 - ns See note 4
NOTES:

1. The input select pin (2) must be held low when bit pins (5, 6, 7, 9,10,11,12, and 13) are driven externally.
2. To obtain counter outputs on bit pins the select pin (2) should be taken to +V¢¢ via.a 1k resistor.
3. (a) Maximum operating voltage. Between 70°C and 125°C the maximum supply voltage is reduced to 5.0V.
(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. .

4. The device may be reset by gating from its own counter.
5. Frax in A-D mode is 300kHz, see Operating Note 2.
6. Monotonic over full operating temperature range.

INTRODUCTION

The ZN425 is an 8-bit dual mode D-A/A-D converter. It
contains an 8-bit D-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 2.5V precision
voltage reference all on a single monolithic chip.

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

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

By including an 8-bit binary counter on the chip, A-D
conversion can be obtained simply by adding an external
comparator (LM311) and clock inhibit gating (7400).

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.

The converter is of the voltage switching type and uses
an R-2R resistor ladder network as shown in Fig.3.

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

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... .

R(10kn) R

R R

PINT4  ANALOG

OUTPUT

VREF o.
INPUT L ! L ! L
OVo
BIT8 BIT? BIT2 BIT
MSB

Fig.3 The R-2R ladder network
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ZN425

If pin 2 is high then the output equals the Q output of the
corresponding counter.

If pin 2 is low then the output transistor, Tr1 is held off.

vee

E]:kn
ors -8 D__
o/P

FROM
"“j TOUNTER

TO SWITCHES

ov

Fig.4 Bit inputs/outputs

OPERATING NOTES

1. 8-bit D-A Converter

The ZN425 gives an analog 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 analog output resistance R,
will be less than 0.004% per °C (or 1LSB/100°C) if Ry is
chosen to be > 650ke2.

In order to remove the offset voltage and to calibrate the
converter a buffer amplifier is necessary. Fig.5 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€. The calibration
procedure is as follows:

i. Set all bits to OFF (low) and adjust R, until

ii. Setallbits to ON (high) and adjust R4 until
Vout = Nominal full-scale reading - 1LSB

ii. Repeati. and ii.
e.g. Set F.S.R. to + 3.840V - 1LSB
=3.825V

(1LSB = %fg =15.0mV)

+5V

Fig.5 8-bit D-A converter
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2. 8-bit A-D Converter

A counter type ADC can be constructed by addmg a
voltage comparator and a latch as in Fig.6. On the negative
edge of the CONVERT COMMAND pulse (15us minimum)
the counter is set to zero and the STATUS latch to logical
1.0n 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 of the ZN425 is 100ns.
The anaiog output of the ZN425 ramps untii it equais the
voltage on the other input of the comparator. At this point the
comparator output goes low and resets the STATUS to
inhibit further clock pulses. The logical 0 from the status latch
indicates that the 8-bit digital output is a valid representation
of the analog input voltage.

ZN425

A small capacitor of 47pF 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 (20-30pF) and they form a time constant
with the ZN425 output resistance (10k<Q). This time constant
is the main limit to the maximum clock frequency. With a fast
comparator the clock frequency can be up to 300kHz. The
conversion time varies with the input being a maximum for
full-scale input.

Maximum conversion time =

256
clock frequency in Hz seconds

+SV

Jska

SEY ZERO

11
~
~
Q
(=]

= L7pF

wn
ANALOG 15kn
INPUT 0-22uF
l FSR
1 e
2 15
3 14
4 13
S 12
6 n \Ska
|—-7 10!
8 9
l 1 INL2SE
8 BIT DIGITAL QUTPUT
ov

5 _,srarus

CONVERT

COMMAND

CLOCK

Fig.6 8-bit A-D 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.
7, uses the same buffer stages as the D-A converter. The
calibration procedure is also the same. Holding pin 2 low will

set all bits to ON and if RESET is taken low with pin 2 high all
the bits are turned OFF. If the end voltages of the ramp are
not required to be set accurately then the buffer stage could
be omitted and the voltage ramp will appear directly at pin 14.
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ZN425

CLOCK INPUT

INL2S

ov

e-6kn

n

-5V

RAMP OUT
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Fig.7 Precision ramp generator




GEC PLESSEY

)
DS3021-2.2
8-BIT D-A CONVERTER
The ZN426 is a monolithic 8-bit D-A converter
containing an R-2R ladder network of diffused resistors with
precision bipolar switches, and a 2.5V precision voltage
reference.
FEATURES
pracf1 <7 141 Vec(+5V)
W +'/, LSB Linearity Error ar2d 2 shars
B Guaranteed Monolithic over the Full Operating (MSB)BIT1 [] 3 12 Bms
Temperature Range ANALOG OUTPUT [] 4  ZN426E8 111 BIT6
B 0°Cto +70°C v Vne&'# 5 wopery
W TTL and 5V CMOS Compatible s b
B Single 5V Supply
W Settling Time 1 microsecond Typical
B Only Reference Capacitor and Resistor Required DP14
ABSOLUTE MAXIMUM RATINGS
Supply voltage +7.0V Fig.1 Pin connections (not to scale) - top view
Max.voltage, logic and Vggg inputs +5.5V
Operating temperature range 0°Cto+70°C
Storage temperature range -55°C to +125°C
ORDERING INFORMATION
Ambient operating temperature 0°Cto +70°C
Package, ZN426E8 DP14

=_ {____._110 vee
VREF o8 |
OUTRUT | l |
! +25 ' r R-2R LADDER l————io NC
I REFERENCE i
I |
7 ANALOG
o °l 1 ‘? OUTPUT
' :
VREF LS { SWITCHES l |
INPUT { 1
| |
e 9 N n_Bhz2 1 b 2 13 ____|
W BT8 7 & 5 & 3 2 BITi{MsB),

v
DIGITAL INPUTS

Fig.2 System diagram
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ZN426

ELECTRICAL CHARACTERISTICS

(at Tamp = 25°C and Vg = +5V unless otherwise specified)

Parameter Symbol Min. TVp. Max. Units Conditions

Converter

Resolution 8 - - bits

Non-linearity - - +0.5 LSB

Differential non-linearity - +0.5 - LSB Note 1

Settling time to 0.5LSB - 1.0 - us 1LSB step

Settling time to 0.5L.SB - 2.0 - us All bits ON to OFF
or OFF to ON

Offset voltage ZN426E8 and D Vos - 3.0 5.0 mV All bits OFF

Vos temperature coefficient - 5 - puv/eCc

Full-scale output 2.545 2.550 2.555 \ All bits ON
Ext. Vggr = 2.560V

Full-scale temp. coefficient - 3 - ppm/°C Ext. Vger = 2.560V

Non-linearity temp. coefficient - 75 - ppm/°C Relative to F.S.R.

Analog output resistance Ro - 10 - kQ

External reference voltage 0 - 3.0 \"

Supply voltage Vee 45 - 5.5 \"

Supply current Is - 5 9 mA

High level input voltage ViH 2.0 - -

Low level input voltage ViL - - 0.7

High level input current Iy - - 10 HA Vee = max.
V=24V

- - 100 A Vee = max.

V|=5.5V

Low level input current " - - -0.18 mA Vce = max.
V) =0.3V

Internal voltage reference

Output voltage VRer 2.475 2.55 2.626 \' Note 2 Rpgp = 390Q

Slope resistance Rs - 1 2 Q Rper = 390Q

Vger temperature coefficient - 40 - ppm/°C RRer = 390Q

NOTE 1: Monotonic over full temperature range.

NOTE 2:The internal reference requires a 1pF stabilising capacitor between Vggr oyt and 0V and a 390Q resistor, Rpgr,

between Vcc and VREF ouT

INTRODUCTION

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

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

44

The use of on-chip voltage reference 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 Rpgg and Ceg can
be omitted.



ZN426

The converter is of the voltage switching type and uses Binary weighted voltages are produced at the output of
an R-2R resistor ladder network as shown in Fig.3. the R-2R ladder, the value depending on the digital number

Each 2R element is connected either to OV or Vger by applied to the bit inputs.
transistor switches specially designed for low offset voltage
(typically 1mV).

R(10kn) R R R PIN & ANALOG
OuUTPUT
2R 2R 2R
VREF
INPUT
o Lo
OvVo-
BITS8 BIT?7 BIT2 BIm1
MSB
Fig.3 The R-2R ladder network
APPLICATIONS
8-bit D-A Converter
The ZN426 gives an analog voltage output directly from i. Set all bits to OFF (low) and adjust Ry until
pin 4 therefore the usual current to voltage converting Vour = 0.000V.
amplifier is not required. The output voltage drift, due to the
temperature coefficient of the analog output resistance R, ii. Set all bits to ON (high) and adjust R, until
will be less than 0.004% per °C (or 1LSB/100°C) if R, is Vout = Normal full-scale reading - 1LSB
chosen to be > 650kQ. . "
In order to remove the ofiset voltage and to calibrate the ~ iil. Repeat i. and ii.
converter a buffer amplifier is necessary. Fig.4 shows a e.g. Set F.S.R. to + 3.840V - 1LSB
typical scheme using the internal reference voltage. To =3.825V

minimise temperature drift in this and similar applications the
source resistance to the inverting input of the operational
amplifier should be approximately 6kQ. The calibration
procedure is as follows:

(1LSB = %-5554- =15.0mV)

MSB Vcc

LSB Aoyt
INL26

VRerFour
VREFIN

ov

—--5v

Fig.4 8-bit D-A converter
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ZN426

Alternative Output Buffer Using the 741
The circuit of Fig.5, employing the 741 operational
amplifier, may be used as the output buffer.

INA425

PIN 14

46

Fig.5 The ZLD741 as output buffer




GEC PLESSEY
s cviconDUCTORS]

DS3007-2.1
8-BIT LATCHED INPUT D-A CONVERTER
The ZN428 is a monolithic 8-bit D-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 Br7C1 N/ 167 BIT6
enable is taken HIGH. The ZN428 also contains a 2.5V BIT8 ] 2 15[ BITS
reference the use of which is pin optional to retain flexibility. NC[]3 1 eIe
An external fixed or varying reference may therefore be ENABLE C} 4 zN42808 13[0 BIT3
substituted. ANALOG OUTPUT [} 5 ZN428E8 151y giT2
Veee INCJ 6 11 {7 BIT 1 (MSB)
FEATUR_ES . . Vree OUT O 7 10 [0 +Vec (+5V)
B Contains DAC with Data Latch and On-Chip ANALOG GROUND [ 8 9 [ DIGITAL GROUND
Reference
B Guaranteed Monotonic over the Full Operating BSJS
Temperature Range
W Single +5V Supply BIT7 1 16T BITS
B Microprocessor Compatible BTecTy| 2 151 BITS
B TTL and 5V CMOS Compatible e I 1484
W 800ns Settling Time |4 o 1IFDEMS
. ANALOG OUTPUT CT | 5 12 [FIIBIT2
B Complementary to ZN427 Ato D Series Vaee INCT] | 6 11 D8I 1 (Msg)
B Commercial or Military Temperature Range Vger OUT T | 7 10 [T +Vee (+5V)
ORDERING INFORMATION ANALOG GROUND CT | 8 9 T DIGITAL GROUND
Device Type  Operating temperature Package
ZN428D 0°C to +70°C - MP16W MP16 WIDE BODY
ZN428E8 0°Cto +70°C DP16
ZN428J8 -65°Cto +125°C DC16 Fig.1 Pin connections (not to scale) - top view

7

VREF OUT |
l R-2R LADDER 5o ANALOG

+2.5V |

| REFERENCE J J 4 |

| I

8

ANALOG o SWITCHES L 55 VRer N

+Vee ?10 P P 5 } } ]
DIGITAL o9 Py —
CROURE TL DATA LATCH ————T ENABLE

L _iz_ir_if_s_ ’E_l“_i’i_l’_?_&_’_.__,

BIT 8 7 6 5 4 3 2 BIT 1 (MSB)

Fig.2 System diagram
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ZN428

ABSOLUTE MAXIMUM RATINGS

Supply voltage Vo +7.0V

Max.voltage, logic and Vggf inputs +Vee

Operating temperature range 0°C to +70°C-(ZN428E8, ZN428D)
-55°C to +125°C (ZN428J8)

Storage temperature range -55°C to +125°C

Analog ground to digital ground +200mV

ELECTRICAL CHARACTERISTICS
(Vec = +5V, Tamp = 25°C unless otherwise specified)

Parameter Min. Typ. Max. Units Conditions
Internal Voltage Reference
Output voltage 2.475 2.550 2.625 \ Rrer = 3000
Slope resistance - 05 2 Q S Cper = 10F
VREF ouT T.C. - 50 - ppm/°C
Reference current 4 - 15 mA Note 1
D-A Converter
Linearity error - - +0.5 LSB 2.0V <Vgep |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 - uv/reC
Full-scale output 2.545 2.550 2.555 External reference
« VReF IN = 2.560V,
Full-scale output T.C. - 2 - ppm/°C ~ all bits ON
Analog output resistance - 4 - ke
External reference voltage 0 - 3.0 Vv
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:
ZN428D and ZN428 E8 0 - 70 °C
ZN428J8 -55 - 125 °C
Supply voltage (Vee) 4.5 5.0 55 \
Supply current - 20 30 mA Note 3
Power consumption - 100 - mwW

Note 1: See REFERENCE
Note 2: RL = 10MQ, CL= 10pF
Note 3: All inputs HIGH (Vy = 3.5V)
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ELECTRICAL CHARACTERISTICS (cont.)

ZN428

Parameter Min. vp. Max. Units Conditions
Logic (over specified operating
temperature range)

High level input voltage 2.0 - \Y

Low level input voltage - - 0.8 Vv

High level input current - - 60 uA VN = 5.5V, Vee = Max.
- - 20 HA VN = 2.4V, Ve = Max.

Low level input current - - 5 HA ViN = 0.4V, Vce = Max.

Input clamp diode voltage - -1.5 Vv In = -8mA

Enable pulse width 100 - - ns

Data set-up time 150 - ns Note 4

Data hold time 10 ns Note 5

Note 4: Set up time before ENABLE goes high
Note 5: Hold time after ENABLE goes high

D-A CONVERTER

The converter is of the voltage switching type and uses
an R-2R ladder network as shown in Fig.3. Each 2R element
is connected to OV or Vggp |y by transistor voltage switches

specially designed for low offset voltage (<1mV). A binary
weighted voltage is produced at the output of the R-2R
ladder.

R (4ka) R R R D TO A OUTPUT
2R 2R 2R 2R 2R
VREF IN
(o - — -
PIN 6 L L VOLTAGE __
* SWITCHES
ANALOG {
GROUND ° ] !
(PIN 8) Vos BT8  BIT7 BIT 2 BIT 1 (MSB)

Fig.3 The R-2R ladder network

Analog output =% (VRer in - Vos) + Vos
where n is the digital input to the D-A from the data latch.

Vos is a small offset voltage produced by the D-A switch
currents flowing through the package lead resistance. The

value of Vgg is typically 1mV. This offset will normally be
removed by the setting up procedure (see Operating Notes)
and because the offset temperature coefficient is low
(+6uV/°C)the effect on accuracy is negligible.
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f R(4kn) I ANALQS

| |

| |

| A~y

I 1~ 755 VREFIN : AL
| |

| | ANALOG

' IGROUND

| |8

L ZN428 ]

Fig.4 Analog output equivalent circuit

Fig.4 shows equivalent circuit of the output (ignoring
Vos). The output resistance R has a temperature coefficient
of +0.2% per °C.

0.2R % per °C.
R+RL

R( should be chosen as large as possible to make the
gain drift small. As an example if R_ = 400kQ2 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 ZN428
can be buffered by an amplifier (see Operating Notes).

The gain drift due to this is

REFERENCE

(a) Internal Reference

The internal reference is an active bandgap circuit which
is equivalent to a 2.5V Zener diode with very low slope
impedance (Fig.5). A resistor (Rggg), should be connected
between +V¢¢ (pin 10) and pin 7. The recommended value
of 39092 will supply a nominal reference current of (5.0-
2.5)/0.39 = 6.4mA. A stabilising/decoupling capacitor Crgf =
1uF is required between pins 7 and 8 for internal reference
option, Vger oyt (pin 7) being connected to Vgep 1y (pin 6).

Vece +5V
(PIN 10)
RREF
(3%0)
VREF OUT
(PIN 7)
CREF
T (1)
ANALOG
GROUND
(PIN 8)
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Fig.5 Internal voltage reference




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

less than Q, where n is the number of converters supplied.
n

VRer v can be varied from 0 to +3V for ratiometric
operation. The ZN428 is guaranteed monotonic for Vg |y
above 2V.

ZN428

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.6.

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

INPUT O—j

O Vce

TO INTERNAL
LOGIC

__o DIGITAL

GROUND

Fig.6 Equivalent circuit of all inputs

OPERATING NOTES

(1) Unipolar D-A Converter

The nominal output range of the ZN428 is 0 to VRgr I
through a 4<2 resistance. Other output ranges can readily be
obtained by using an external amplifier.

The general scheme (Fig.7) is suitable for amplifiers
with input bias currents less than 1.5pA.

The resulting full-scale range is given by:

VourFs =("* E‘_zl) VRer IN = G-VRer IN

The impedance at the inverting input is R1/R2 and for
low drift with temperature this parallel combination should be
equal to the ladder resistance (4k2). The required nominal
values of R1 and R2 are given by R1 = 4GkQ and R, =
4G/(G-1)kQ.

Using these relationships a table of nominal resistance
values for R; and Ry can be constructed for Vggr |y = 2.5V.

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

For gain setting Ry is adjusted about its nominal value.
Practical circuit realisations (including amplifier stabilising
components) for +5 and +10V output ranges are given in
Fig.8. Settling time for a major transition is 1.5ps typical.
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INPUT DATA

L$8 M3B

1
2
ENABLE 2 :; R2
AQUT s 2
" 1 TPUT
VREF OUY; 1 QUTPU
8 9

+SVOLTS

Fig.7 Unipolar operation - basic circuit

*2%. RESISTORS
*20°/« POTENTIOMETERS

+10V +15v
FROM ZN428 9 FROM ZN428
OUTPUT (PIN 5) OUTPUT (PIN 5)
ANALOG ANALOG
OuUTPUT ouTPUT
§ o 0—> +5YV o 0—»+5V
5~6kn.
OFFSET OFFSET
ADJUST 1omGA'N ADJuST sm GAIN
ADJUST ADJUST
82ka S6kn
rrrr rr
+5VOLTS FULL SCALE +10 VOLTS FULL SCALE

Fig.8 Unipolar operation - component values
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UNIPOLAR ADJUSTMENT PROCEDURE

UNIPOLAR LOGIC CODING

ZN428

(i) Set all bits to OFF (low) with ENABLE low and adjust Input Code Analog Output
zero until Voyt = 0.0000V. 3 Nominal Val
(ii) Set all bits ON (high) and adjust gain until Voyr = F (Binary) (Nominal Value)
-1LSB. :
11111111 FS-1LSB
UNIPOLAR SETTING UP POINTS 11111110 FS-2LSB
3
Output Range, +FS LSB FS-1LSB 11000000 JaFS
X 5 _ 10000001 /o FS + 1LSB
+5V 19.5 mV 4.9805V 10000000 1/2 FS
01111111 Y, FS - 1LSB
+10V 39.1mV 9.9609V 01000000 1/4 FS
00000001 1LSB
1LSB=E£S 00000000 0
256
VREF IN
T—:Rsz—
R
1
L
R2
——0 QUTPUT
FROM ZN428
OUTPUT (PINS)
. .
Fig.9 Bipolar operation - basic circuit
(2) Bipolar D-A Converter
For bipolar operation the output from the ZN428 is offset
by half full-scale by connecting a resistor R3 between Vgee Output Range | G R Rz Rs
i and the inverting input of the buffer amplifier (Fig.9).
When the digital input to the ZN428 is zero the analog +5v : 16ks2 18ka2 Bke2
output is zero and the amplifier output should be -Full-scale. K
An input of all ones to the D-A will give a ZN428 output of +1oy 4 32k 10.66k2 Bka2

VRer v and the amplifier output required is +Full-scale. Also,
to match the ladder resistance the parallel combination of
R4, Rz and Rj should be 4k<.

The nominal values of Ry, Ry and Rz which meet these
conditions are given by

Ry = 8GkQ, Ry = 8G/(G-1)k€2 and R3 = 8kQ.

where the resultant output range is +G Vger y- A bipolar
output range of +Vger v (Which corresponds to the basic
unipolar range 0 to Vggg ) is obtained if Ry = Ry = 8k§2 and
R2 = 0o,

Assuming that Vgge v = 2.5V the nominal values of
resistors for 5 and +10V output ranges are given in the
following table:

Minus full scale (Offset) is set by adjusting Ry 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.10.

Note that in the £5V case Rg has been chosen as 7.5k
(instead of 8.2kQ)) to get a more symmetrical range of
adjustment using standard potentiometers. Settiing time for a
major transition is 1.5us typical.
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* 2% RESISTORS
2 20% POTENTIOMETERS

FROM ZN428
OUTPUT (PINS)

o ANALOG

+ S VOLTS FULL SCALE

FROM ZN428
OUTPUT (PIN 5)

290 VOLTS FULL SCALE

o ANA
oUTPUT . P HaCAAd
H OFFSET
208n
OFFSET { ADJUST
(foxa Loiust -Fs)
(-Fs)
ETTON
20k 20ka 22ka
GAIN GAIN
) ka Lojust Ska (ADJL;ST
(+F3) +Fs
YReFn  -1O¥ VREFIN =15V

Fig.10 Bipolar operation - component values

BIPOLAR ADJUSTMENT PROCEDURE

BIPOLAR LOGIC CODING

(i) Set all bits to OFF (low) with ENABLE low and adjust
offset until the amplifier output reads -full-scale. Input C_Ode ﬁnalt.)g Io\‘;t?m
(i) Set all bits ON (high) and adjust gain until the (Offset Binary) (Nominal Value)
ifi ds +(full-scale - 1LSB).
amplifier output reads +(full-scale - 1L.SB) 11111111 +(FS - 1LSB)
BIPOLAR SETTING UP POINTS 11111110 +(FS - 2 LSB)
Input Range, LsB -FS +FS - 11000000 +12 FS
L FS 1LSB) 10000001 + 1LSB
- 10000000 0
+5V 39.1mV | -5.0000V | +4.9609V 01111111 -1LSB
01000000 -1, FS
10V 78.1mV | -10.0000V | 9.9219V 00000001 -(FS - 1LSB)
00000000 -FS
1LSB = 2FS
256
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GEC PLESSEY
.l v conpucrons]

DS3008-2.0
LOW COST 8-BIT D-A CONVERTER
The ZN429 is a monolithic 8-bit D-A converter
containing an R-2R ladder network of diffused resistors with
precision bipolar switches. sra1 \—/ 14 g o\rlrci (+5V)
: BT20] 2 B
FEATURES (MSB)BIT1 ] 3 :: BITS
B Linearity Error +'/, LSB . ANALOGOUTPUT [] 4 ZN429E8 11 gans
B Single +5V Supply VeerIN O 5 100877
B Low Power Consumption 25mW Typical "3 6 91 BIT8(LSB)
W Settling Time 1 Microsecond Typical s k4 8P NC
B TTL and 5V CMOS Compatible )
B Designed for Low Cost Applications DP14
ABSOLUTE MAXIMUM RATINGS - T T mul L
Supply voltage, Ve +7.0V ANALOG ouTpPuT O | 2 waFoer2
Max. voltage, logic and Vggg inputs +5.5V VeeeIN O | 3 12183
Storage temperature range 55°Cto +125°C GROUND CT{[4  zna2ep 11 10 +Vee
BIT8 CI|5 10T BIT4
BIT7 |6 9[IIBITS,
ORDERING INFORMATION GROUND CTH | 7 8L TIBITS
Ambient operating temperature -40°C fo +85°C
Package, ZN429D MP14 MP14
Package, ZN429E8 DP14

Fig.1 Pin connections (not to scale) - top view

|
ANALOG
< ouTpPuT

I
l
|
|
I
|
I
I
I
|
I
|
!

SWITCHES

| SR SN SR S — — o——o—-—o———l-——l
(LsB)BIT 8 BIT7 BIT6 BITS BIT4 BIT3 BIT 2 8IT 1 (MSB)

Y
DIGITAL INPUTS

Fig.2 System diagram (see pin connection diagrams above for pin outs)
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ELECTRICAL CHARACTERISTICS

(at Taymp = 25°C and V¢ = +5V unless otherwise specified)

Parameter Symbol Min. Typ. Max. Units Conditions

Converter

Resolution 8 - - bits

Accuracy 8 - - bits

Non-linearity - - +0.5 LSB

Differential non-linearity - 0.5 - LSB Note 1

Settling time to 0.5LSB - 1.0 - us 1 LSB step

Settling time to 0.5LSB - 2.0 - us All bits ON to OFF
or OFF to ON

Offset voltage ZN429E8, ZN429D Vos - 3.0 5.0 mV All bits OFF

Vos temperature coefficient - 5 - uvrec

Full-scale output 2.545 2.550 2.555 \ All bits ON
Ext. VRer = 2.56V

Full-scale temp. coefficient - 3 - ppm/°C Ext. VRer = 2.560V

Non-linearity temp. coefficient - 7.5 - ppm/°C Relative to F.S.R.

Analog output resistance Ro - 10 - kQ

External reference voltage 0 - 3.0

Supply voltage Vee 45 - 5.5 \"

Supply current Is - 5 9 mA

High level input voltage Vi 2.0 - -

Low level input voltage Vi - 0.7

High level input current (I - 10 HA Ve = max.
V=24V

- 100 HA Vg = max.

V=55V

Low level input current I - - -0.18 mA Vee = max.
V|=0.3V

NOTE 1: Monotonic over full temperature range.

INTRODUCTION

The ZN429 is an 8-bit D-A 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 the ladder network results in full
8-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.3.

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

56

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 2Q.

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.



ZN429

R(10ka) R R R
----- ANALOG
OUTPUT
J2R 2R 2" 2R
VREF o L
INPUT L L < VOLTAGE _o. L I
TSWITCHES +
0 VOLTS o—i} _———
v BITS BIT7 BIT2 BIT 1
0s
Fig.3 The R-2R ladder network
APPLICATIONS

(1) Unipolar D-A Converter

The nominal output range of the ZN429 is 0 to Vrer |y
through a 10Q resistance. Other output ranges can readily
be obtained by using an external amplifier.

The resulting full-scale range is given by

Vourrs=(1* %12) VRer IN = G-VREF IN

The impedance at the inverting input is R1/R2 and for
low drift with temperature this parallel combination should be
equal to the ladder resistance (10k<2). The required nominal
values of R1 and R2 are given by

R1 = 10GkQ and Ry = 10G/(G-1)k€2.

Using these relationships a table of nominal resistance
values for Ry and Ry can be constructed for Vgeg |y = 2.5V.

Output Range G Ry R,
+5V 2 20kQ 20kQ
+10V 4 40kQ 13.33kQ

For gain setting Ry is adjusted about its nominal value.
Practical circuit realisations (including amplifier stabilising
components) for +5 and +10V output ranges are given in
Fig.5. Settling time for a major transition is 2.5us typical.

—»—{MSB Vce

——] _ Aout
INPG;Q
——]
—— IN4L 29
- [ SB
o———— VREF IN

GND
GND

\/

—o0 OUTPUT

R1

R2

Fig.4 Unipolar operation - basic circuit
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ANALOG
OUTPUT

o 0—>+5V

ZN429
ouTPUT

OFFSET
ADJUST

= Ska GAIN
ADJUST

20ka

+ 5 VOLTS FuLL SCALE

* 2°% RESISTORS
* 20"/, POTENTIOMETERS

ZN429
ouTPUT

10kn GAIN
ADJUST

nka

+10 YOLTS FULL SCALE

Fig.5 Unipolar operation - component values

UNIPOLAR ADJUSTMENT PROCEDURE

(i) Set all bits to OFF (LOW) and adjust zero until Vot
=0.0000V.

(ii) Set all bits ON (HIGH) and adjust gain until Voyt =
FS - 1LSB.

UNIPOLAR SETTING UP POINTS

Output Range, +FS LSB FS - 1LSB
+5V 19.5mV 4.9805V
+10V 39.1mV 9.9609V
1LSB=FS
256
UNIPOLAR LOGIC CODING
Input Code Analog Output
(Binary) (Nominal Value)
11111111 FS - 1LSB
11111110 FS-2LSB
11000000 34 FS
10000001 ', FS +1LSB
10000000 1, FS
01111111 1/, FS - 1LSB
01000000 4 FS
00000001 1LSB
00000000 0
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(2) Bipolar D-A Converter

For bipolar operation the output from the ZN429 is offset
by half full-scale by connecting a resistor R3 between Vger
N and the inverting input of the buffer amplifier (Fig.6).

When the digital input of the ZN429 is zero the analog
output is zero and the amplifier output should be -full-scale.
An input of all ones to the D-A will give a ZN429 output of &
Vger v and the amplifier output required is +full-scale. Also,
to match the ladder resistance the parallel combination of
R4, Rz and R3 should be 10kQ.

The nominal values of Ry, Ry and Ry which meet these
conditions are given by

R1 = 20GkQ, R2 = 20G/(G-1)kQ2 and R3 = 20kQ.

where the resultant output range is +G.Vggr |n-

Assuming that Vgegg v = 2.5V the nominal values of
resistors for 5 and +10V output ranges are given in the
following table:

Output Range | G Ry Ry Rs
5V 2 40kQ 40kQ 20kQ
10V 4 80kQ 26.67kQ 20kQ

Minus full scale (OFFSET) is set by adjusting R1 about
its nominal value relative to R3. Plus full-scale (GAIN) is set
by adjusting R2 relative to R1.

Settling time for a major transistion is 2.5us typical.
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VREF IN
R3

R2
% |

—_——
FROM ZN429
OuUTPUT

L——O OUTPUT

Fig.6 Bipolar operation - basic circuit
BIPOLAR ADJUSTMENT PROCEDURE

BIPOLAR LOGIC CODING

(i) Set all bits to OFF (LOW) and adjust OFFSETuntil the A
amplifier output reads -FULL-SCALE. Input Code nalog Output
(i) Set all bits ON (HIGH) and adjust gain until the (Offset Binary) (Nominal Value)
amplifier reads +(FULL-SCALE - 1LSB). 1111 FS - 1LSB)
+i -
BIPOLAR SETTING UP POINTS 11111110 +(FS - 2LSB)
Input Range, LSB -FS +(FS - 11000000 +1/, FS
+FS 1LSB) 10000001 +1LSB
10000000 0
5V 39.1 mV -5.0000V | +4.9609V 01111111 -1LSB
01000000 -, F8
+10V 78.1mV | -10.0000V | 9.9219V 00000001 -(FS - 1LSB)
00000000 -FS
1LSB =2FS
256
* 2% RESISTORS
* 20% POTENTIOMETERS
+15V
FROM ZIN&2% FROM IN&29
QUTPUTY ouTPUT
—_— g
ANALOG 3 o ANALOG
OUTPUT 2 outTPUT
B )
OFFSET
(120%2 L0susT
Oka 00 TusT -F)
(-Fs)
2008 W 2088 2240
GAIN
) wea Sst ) Ska AdJust
Yaerm IOV (wFe) VREFIN =15V '
+ 5 VOLTS FULL SCALE 290 YOLTS FULL SCALE

Fig.7 Bipolar operation - component values
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Section 3

Advanced Function ADCs
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ZN427E8 / ZN427J8

MICROPROCESSOR COMPATIBLE
8-BIT SUCCESSIVE APPROXIMATION A-D CONVERTER

The ZN427is an 8-bit successive approximation converter
with three-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
2.56V precision bandgap reference, the use of which is pin
optional to retain flexibility. An external fixed or varying
reference may therefore be substituted, thus allowing
ratiometic operation

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

FEATURES
B Easy Interfacing to Microprocessor, or Operates as a
‘Stand-Alone' Converter

Fast: 10 microseconds Conversion time Guaranteed

No Missing Codes over Operating Temperature Range

Data Outputs Three-State TTL Compatible, other
Logic Inputs and Output TTL and CMOS Compatible

Choice of On-Chip or External Reference Voltage
Ratiometric Operation

Unipolar or Bipolar Input Ranges
Complementary to ZN428 DAC -

Commercial or Military Temperature Range

DS3006 - 2.1
S \y
BUSY (END OF CONVERSION) [] 1 18[] BIT 8(LSB)
RD (OUTPUT ENABLE) [} 2 17[lBIT7
cLock [} 3 16{]1BIT6
WR (START CONVERSION) [] 4 15[]1BITS
Rexr[] 5 14[1BIT4
vn[]e 13[]BIT3
VeerIN [} 7 12[]1BIT2
Vrer OUT [] 8 11[] BIT 1 (MSB)
GROUND [} 9 10[] +Vec (+5V)
ZN427J8 (DC18)
ZN427E8 (DP18)
Fig.1 Pin connection - top view
ORDERING INFORMATION
Device type Operating temperature Package
ZN427E8 0°C to +70°C DP18
ZN427J8 -55°C to +125°C DC18

sl
|'__O VRer OUT
I

COMPARATOR

I
|
1
| D TO A OUTPUT
I
1
1
I

VIN

| [T T[]

Rext

SUCCESSIVE

cLOCK (51__—
INPUT

APPROXIMATION REGISTER

L 1]

||

3-STATE BUFFERS

v
1
1
Ve d)w

(+5V) 1

MSB

S g drde bbb

18
LsB

— %

+2.5V 1
R-2R LADDER REFERENCE |
ol
O GROUND
ANALOGUE VOLTAGE SWITCHES 7
—O VRer N

]
1
WR (START CONVERSION)

BUSY (END CONVERSION)
T

RD (OUTPUT ENABLE)

Fig.2 System diagram
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ABSOLUTE MAXIMUM RATINGS
Supply voltage Vcc
Max. voltage, logic and VReF input
Operating temperature range

Storage temperature range

+7.0V
+Vce
0°C to +70°C (ZN427E8)

-55°C to +125°C (ZN427.8)

-55°C to +125°C
ELECTRICAL CHARACTERISTICS (at Vcc = 5V, Tamo = 25°C unless otherwise specified).

Parameter Min. Typ. Max. Units Conditions

Converter
Resolution 8 - - Bits
Linearity error - - +0.5 LSB
Differential non-linearity - +0.5 - LSB
Linearity error T.C. +3 - ppm/°C
Differential non-linearity T.C. - +6 - ppm/°C
Full-scale (gain) T.C. - +2.5 - ppm/°C | External Ref. 2.5V
Zero T.C. - +8 - nvrG
Zero transition 00000000 12 15 18 mV DC Package

to 00000001 10 13 16 mV DP Package
F.S. transition 11111110 2545 | 2,550 | 2.555 \Y Vige w = 2.560V

to 11111111
Conversion time - - 10 us See note 1
External reference voltage 1.5 3.0 Vv
Supply voltage (V) 45 - 55 Vv
Supply current - 25 40 mA
Power consumption - 125 - mwW
Comparator
Input current 1 - HA V= 43V, Ry = 82kQ
Input resistance - 100 - kQ V-=-5V
Tail current, I, 25 - 15 A
Negative supply, V- -3.0 - -30.0 \Y See comparator (page Xx-xx)
Input voltage -0.5 - 3.5 \Y
Internal voltagee reference
Output voltage 2.475 | 2,560 | 2.625 \Y Reer = 390Q, C. = 4u7
Slope resistance - 0.5 2 Q
Ve temperature coefficient - 50 - ppm/°C
Reference current 4 - 15 mA See reference (page x-xx)
Logic (over operating temperature range)
High level input voltage ViH 2.0 - \
Low level input voltage ViL - 0.8 \
High level input current, - 50 HA V= 5.5V, V.. = max.
WR and RD inputs |, 15 LA Vi =24V, V. = max.
High level input current, 100 A V,, =55V, V= max.
Clock input |, 30 LA V, =24V, V. = max.
Low level input current IiL -5 LA V=04V, V . = max.
High level output current lox -100 HA
Low level output current lou - - 1.6 mA
High level output voltage VoH 2.4 - - \ loy = Max., V. = min.
Low level output voltage VoL - - 0.4 \ lo, = max., V. = min.
Disable output leakage - - 2 uA V, =24V
Input clamp diode voltage - -15 v
Read input to data output - 250 ns See Fig.9
Enable/disable delay time t., - 180 250 ns
Start pulse width tWR 250 160 - ns See Fig.9
WR to BUSY propagation delay t,, - - 250 ns
Clock pulse width 500 - - ns
Maximum clock frequency 900 1000 kHz See note 1

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

64




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
aresetto 0, which produces an outputvoltage of V., from the
DAC. This is compared to the input voltage V,; a decision is
made on the next negative clock edge to reset the

MSB to 0 if V;EF >V, orleave it setto 1 if V;EF <V

IN®

Bit 2 is set to 1 on the same clock edge, producing an output

V, V,
REF REF REF .
2 "5 tg depending on the state

of the MSB. This voltage is comparedto V and on the next
clock edge a decision is made regarding bit 2, whilst bit 3 is set

from the DAC of

ZN427

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 high to
keep the three-state buffers in their high impedance state.
Data can be read out by taking RD high, thus enabling the
three-state output. Readout is non-destructive. The BUSY
output may.be tied to the RD input to automatically enable the
outputs when the data is valid.

For reliable operation of the converter the start pulse applied
to the WR input must meet certain timing criteria with respect
to the converter clock. These are detailed in the timing
diagram of Fig.3.

-5 us MIN:
[ —

i
1200ns MIN

1
Pl e »200ns MIN

WR |

8UST 7777770 —

MSB1 7777777 | +——MSB DECISION 0
2 LA | !
3 2277772 I 1
W ZZ7777) L 0
5 /L2774 - 0
6 2777 I 1
1 22772 T 1
s 727777 le——bEOSION o

Fig.3 Timing diagram

NOTES ON TIMING DIAGRAM

1. A conversion sequence is shown for the digital word
01100110. For clarity the three-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 conversion 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.
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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. Conversion
commences on the first active (negative going) clock edge
after the WR input has gone high again, when the MSB
decision is made. A number of timing constraints thus supply
to the start pulse.

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

(b) Thereis no limitto the maximum duration of the start pulse.

(c) To allow the MSB to settle at least 1.5us must elapse
betweenthe negative going edge of the start pulse and the first
active clock edge that indicates the MSB desicion.

(d) To ensure relaible clocking the positive-going edge of the
start pulse should not occur within 200ns 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 case of the above conditions that
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 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 uP clock is used to drive the ZN427
and the P write pulse meets the ZN427 timing criteria with
respect to the uP 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 microprocesor can perform other instructions
or No operation (NOP). when the conversion is complete the
outputs can be enabled onto the bus by gating the decoded
address with the read pulse. A timing diagram for this
sequence of operation is given in Fig.4.

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 interrupt request.

[MIGROPROCESSOR] "NOP OR OTHER INSTRUCTIONS

CLOCK

OECODED

AVAVAVAVAVAVAVAVAVAVAV x AVAV

WRITE (WR) \ /
8USY \

DECOOED
READ (RD)

DATA
QUTPUTS HIGH IMPEDANCE

DATA

Fig.4 Typical timing diagram using uP 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:
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(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

If any of these conditions apply then the self-synchronising
use as a start conversion pulse.

clock circuit of Fig.5a is recommended.

WR 4
DECODED WRITE (WR) W . N
tsaft—J
4n? f 2 K
n7 tor
600 Wz INL27 DATA
o Vlsose wmss|"
o 2 RO
DECODED READ (RD)

N1 N2 7413 or ': 74132 Schmitt trigger

fox ® ) Hz, F)
< 360°C

Fig.5a Self-synchronising clock circuit

w0 M

Fig.5b Timing diagram for circuit of Fig.5a
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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 complete BUSY goes high and the clock is inhibited.

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

longerthan 250ns but at least 200ns shorterthanthe firstclock

engertnan counsoutalieasi Zuuns i LCIOCH

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 changes between the upper and lower
threshold (V;, and V) of the Schmitt trigger.

LOGIC INPUTS AND OUTPUTS

The logic inputs of the ZN427 utilise the emitter-follower

configuration shown in Fig.6. This gives extremely low input
currents for CMOS as wall ae TTl ~amnatibility

s
WS 10 LUViLVS as wen as 1 1w CoOmpatichity.

LOGIC
INPUT

oVce

TO
INTERNAL LOGIC

0 GROUND

Fig.6 Equivalent circuit of all inputs

The BUSY output, shown in Fig.7, utilises a passive pullup for CMOS/TTL compatibility.

Vee

GROUND

10k

Fig.7

The data outputs have three-state buffers, an equivalent
circuit of which is shown in Fig.8. Whilst the RD input is low
both output transistors are turned off and the outputis in a high
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impedance state. When RD is high the data output will
assume the appropriate logic state (0 or 1).
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5009

‘j BITS 1-8
(PINS 11-18)

14

RD
(PIN 2)

GROUND o

Fig.8 Equivalent circuit of data outputs

A test circuit and timing diagram for the output enable/disable delays are given in Fig.9.

0%
L}
RO '
.
= e
. 1 g
90% \9gm, LOBIC
DATA = ===~ :' i Y---=15v0U1S
]
\1o% % - Looic o
T *ENABLE OELAY TIME (C(5O0pF) OUTFUT LOAD +5v
Tp *DISABLE DELAY TIME (Cy= 10pF) m
1PUT ¢ ALL
> T o
OF [|sx ¥
b 4
ov

Fig.9 Output enable/disable waveforms
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ANALOG CIRCUITS

D-A converter

IThe converter is of the voltage switching type and uses an R-
2R ladder network as shown in Fig.10. Each element is
connectedto either 0V or V.. IN by transistor voltage switches
specially designed for low offset voltage (<1mV).

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

Dto Aoutput=_n_(V

256
where n is the digital input to the D-A from successive
approximation register.

REF IN 'Vos) + Vos

Vs is a small offset voltage that is produced by the device
supply current flowing in the package lead resistance. The
value of V  is typically 2mV for the ZN427E8 and 4mV for the
ZN427J8.

This offset will normally be removed by the setting up
procedure and since the offset temperature coefficient is iow
(8uV/°C), the effect on accuaracy will be negligible.

The D-A output range can be considered to be 0 - V
through an output resistance R (4k).

REF IN

R R D TO A OUTPUT
2R 2R
VRefF IN .
PIN7) O
<«—VOLTAGE —»
SWITCHES

0 VOLTS
(PIN9) Vos BITS BIT7 BIT2 BIT 1

MSB

Fig.10 R-2R ladder network
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.11). A Resistor (R...) should be connected
between pins 8 and 10. The recommended value of 3902 will

supply a nominal reference current of (5.0 - 2.5)/0.39=6.4mA."

A stabilising/decoupling capacitor, C. (4u7), is required
between pins 8 and 9. For internal reference operation V.
OUT (pin 8) is connected to V. IN (pin 7).
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UP to five ZN427's may be driven from one internal reference,
there being no need to reduce R.. 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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Voo +5V
(PIN 10)
RREF
(390)
VREF OUT
(PIN 8)
e CREF
T 4.7y
GROUND
(PIN 9)

Fig.11 Internal voltage reference

(b) External reference
If required an external reference in the range +1.5 to +3.0V
may be connected to V.. IN. The slope resistance of such a
reference source should be less than 2.5¢2, where n is the

n
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 to
+3.0V. The ZN448/9 will operate if V. IN is less than +1.5V
butreduced overdrive to the comparator 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.12.

+5V PIN 10

TO LOGIC
HIGH = 'RETAIN BIT*

o

D TO A OUTPUT
(O - VREF IN)

Fig.12 Comparator equivalent circuit
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The comparator derives the tail current, I, ., for its first stage
from an external resistor, R, which is taken to a negative

supply V—.

This arrangement allows the ZN427 to work with any negative
supply in the range -3 to -30 volts. the ZN427 is designed to
be insensitive to changes in I,, from 25uA to 150pA. The
suggested nominal value of |, is 65pA and a suitable value
for R, is given by R, = [V_[15kQ.

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

IN

ANALOG INPUT RANGES
The basic connection of the ZN427 shown in Fig.13 has an

N analog input range 0 to V. IN which, in some applications,
V_ (volts) Rey (£10%) may be made available from previous signal conditioning/
scaling circuits. Input voltage ranges greater than this are
-3 47kQ o
5 89kQ accommodated by providing an attenuator on the comparator
_1'0 150ke2 input, whilst for smaller input ranges the signal must be
A2 180k amplified to a suitable level.
-15 ZZOEQ Bipolar input ranges are accommodated by off-setting the
-20 330k analog input input range so that the comparator always sees
-25 390kQ a positive input voltage.
-30 470kQ
<«€—— DIGITALOUTPUTS ———>»
LSB MSB \Zele}
BIT 8 7 2 BIT 1 (+5V)
Q
18 17 16 15 14 13 12 11 10
RREF
(39092)
1 2 3 4 5 6 7 8 9
VIN
RexT| | RIN
(82k) 4k "
() ] CREF
o 9o o O O O (4u7)
BUSY RD CK  WR V- AN VREFINVREFOUT GND
(-5V) (oV)
NOMINAL Ay RANGE = 0 TO VRggIN

Fig.13 External components for basic operation
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UNIPOLAR OPERATION
The general connection for unipolar operation is shown in
Fig.14.

The values of R, and R, are chosen so that V, = V.. IN when

ZN427

To match the ladder resistance R/R, (R,) = 4kQ.

The required nominal values of R, and R, are given by
R,=4Gk, R, = 4G kQ

the analogue input (A,,) is at full-scale. G-1
The resulting full-scale range is given by:
ALFS = (1 +%) Vo IN =GV, IN.
2
AIN VREF IN
O—
M
ZERO
ADJUST
o] ]
680k
v 7
IN 6 ZN427
9
GROUND
R2 [}

Fig. 14 Unipolar operation - general connection

Using these relationships a table of nominal values of R, and

R, can be constructed for V. IN = 2.5V.

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

Gain adjustment
Due to tolerance in R, and R,, tolerance in V.. 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 adjustment

Due to offsets in the DAC and comparator the zero (0 to 1)
code transition would occur with typically 15mV applied to the
comparator input, which correpsonds 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. Thisis 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
Ve, IN.

Practical circuit values for +5 and +10V input ranges are given
in Fig.15, which incorporates both zero and gain adjustments.
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AN O—J VRer IN
P15k
GAIN
ADJUST
R1 5k6
TOPING
R2 8k2 + 2% RESISTORS
+20% POTENTIOMETERS

il

+5V FULL-SCALE

!

P110k ™
GAIN ZERO
ADJUST

R1 11k

R2 5k6

il

+10V FULL-SCALE

VREF IN

TOPING

Fig. 15 Unipolar operation - component values

Unipolar adjustment prodedure

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

(ii) Apply full-scale minus 1.5LSB to A, and adjustoff-set until
the 8 bit (LSB) output just flickers between 0 and 1 with all
other bits at 0.

(i) Apply 0.5LSB) to A and adjust zero until 8 bit just flickers

between 0 and 1 with all other bits at 1.

Unipolar setting up points

Input range, +FS 0.5LSB FS-1.5LSB
+5V 9.8mV 4.9707V
+10V 19.5mV 9.9414V

Unipolar logic coding

1LSB =FS
256

Analogue input (A )
(Nominal code centre value)

Qutput code
(offset binary)

FS-1LSB
FS -2LSB
0.75FS
0.5FS + 1LSB
0.5FS

0.5FS - 1LSB
0.25FS

1LSB

0

11111111
11111110
11000000
10000001
10000000
01111111
01000000
00000001
00000000
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BIPOLAR OPERATION

For bipolar operation the input to the ZN427 is offset by half

ZN427

full-scale by connecting a resistor R, between V. INand V,,
(Fig.186).
A v IN
IN ~REF

W] w

VIN

]

9

6 ZN427

GROUND

Fig. 16 Bipolar operation - general connection

When A = -FS, V, needs to be equal to zero.
When A = +FS, V, needs to be equal to V. IN.

If the full-scale range is +G. V.. INthenR =(G-1). R,and
R, = G. R, fulfil the required conditions.

To match the ladder resistance, F{‘/ARZ/R3 (=R,,) = 4k.

Thus the nominal values of R, R, R, are givenby R =8 GkQ,

R, = 8G/(G - 1)k, R, = 8KQ.

A bipolar range of +V_._IN (which corresponds to the basic
unipolar range 0to +V. IN) results if R, = R, =8kQ and R, =

oo,

Assuming the V,

REFIN

= 2.5V the nominal values of resistors for

+5 and +10V input ranges are given in the following table.

Input range G R, R, R,
+5V 2 16kQ 16k 8k(2
+10V 4 32kQ 10.66kQ 8kQ2

Minus full-scale (offset) is set by adjusting R, about its nominal
valuerelativeto R,. Plusfull-scale (gain) is set by adjusting R,
relative to R,.

Practical circuit realisations are given in Fig.17.

Note thatinthe +5V case R, has beenchosen as 7.5k (instead
of 8.2k) to obtain a more symmetrical range of adjustment

using standard potentiometers.
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AIN VREF ‘\IN: VREF
5k 10k
OFFSET e OFFSET 82
ADJUST ADJUST
13k 27k
TOPING TOPIN 6
5k 5k
GAIN GAIN
ADJUST ADJUST
+2% RESISTORS
+20% POTENTIOMETERS
13 8k2

it

+5VOLTS FULL SCALE

il

+10VOLTS FULL SCALE

Fig.17 Bipolar operation - component values

Bipolar adjustment prodedure

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

(iii) Apply +(FS -1.5LSB) to A, and adjust gain until the 8 bit
just flickers between 0 and 1 with all other bits at 1.

(iv) Repeat step (ii).
(ii) Apply -(FS -0.5LSB)to A, and adjust off-set until the 8 bit
(LSB) output just flickers between 0 and 1 with all other bits
at0.

Bipolar setting up points

Input range, +FS -(FS -0.5LSB) +(FS -1.5LSB)
+5V -4.9805V +4.9414V 1LSB =§TF§
+10V -9.9609V +9.8828V
Bipolar logic coding
Analogue input (A,) Output code
(Nominal code centre value) (offset binary)
+(FS - 1LSB) 11111111
+(FS - 2LSB) 11111110
+0.5FS 11000000
+1LSB 10000001
0 10000000
-1LSB 01111111
-0.5FS 01000000
-(FS - 1LSB) 00000001
-FS 00000000
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SINGLE 5V SUPPLY RAIL OPERATION

The ZN427 takes very little power from the negative rail and so any clock frequency from 10kHz to 1MHz and can supply up
asuitable negative supply can be generated very easily using to five ZN427's.
a'diode pump’ circuit. The circuit shown in Fig.18 works with

+Sv
10
i e
] 0-685F  ING) ®
. PR
LS ‘{3” i< (_fj'sv)- : S INe2?
9 3

21X ![iN 9 6-8ufF
3o

Fig.18 single 5V supply operation
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GEC PLESSEY

B SEMICONDUCTORS

= DS3013 - 22
8-BIT MICROPROCESSOR COMPATIBLE A-D CONVERTER
The ZN448 and ZN449 are 8-bit successive
approximation A-D converters designed to be easily -
interfaced to microprocessors. All active circuitry is contained BUSY (END OF CONVERSION) [] 1 18 Fl DBo (LSB)
on-chip including a clock generator and stable 2.5V bandgap RD (OUTPUT ENABLE) ] 2 17[] oBs
reference, control logic and double buffered latches with cLock []3 161 DB2
reference. . ) ) WR (START CONVERSION) [ 4 15[] DBs
Only areference resistor and capacitor, clock resistor and
. . . . . . Rext[]5 141 DBs
capacitor and input resistors are required for operation with
either unipolar or bipolar input voltage. vwle 13[] oBs
VrerIN[] 7 12[] pBs
FEATURES VrerOUT [ 8 11[] pB7 (MSB)
B Easy Interfacing to Microprocessor, or operates as a GROUND []9 10 [] +Vec (+5V)
‘Stand-Alone’ Converter
B Fast: 9 microseconds Conversion time Guaranteed ZN448/9E (DP18)
B Choice of Linearity: 0.5 LSB - ZN448, 1 LSB - ZN449
B On-Chip Clock
B Choice of On-Chip or External Reference Voltage BUSY(END OF conveRsioN) [T} |1 18| [ DBo(LSB)
W Unipolar or Bipolar Input Ranges RD (ouTPUT ENABLE) (T[] |2 17| [0 o8
B Commercial Temperature Range crock [} |3 16| {10 DB:
WR (START CONVERsIoN) (T[] |4 15| {1 DBs
ORDERING INFORMATION rea [ |5 1|l o8
' Linearity Operating
Device type Package vw[ |6 13| [10 oBs
error (LSB) | temperature v |7 12} b oBe
ZN448E 0.5 0°C to +70°C DP18 veerout [T |8 11| oer sy
ZN449D 1 0°C to +70°C MP18 arouno 0] |e 10 [ +vee (+5v)
ZN449E 1 0°C to +70°C DP18
ZN449D (MP18)
Fig.1 Pin connection - top view
P T TTTTTTTTTTrm e coweanaron |
ANALOGUE *
INPUT IO Rext
VRerIN (lpz————-—-—— 8-BIT DAC >————7 . 1
I
! |
|
CLOCK ?
GENERATOR CE:).((T“(?L?)?ZK
|
v |
INTERFACE WR
1 SUCCESSIVE < c oﬁ?gm ;
GROUND o 9 APPROXIMATION REGISTER N LOGIC 1 BUSY
|
i T T T 1 [ 1] v
Vee 45V Q 10 e 1
i I 3.STATE BUFFERS b QO "D
1 |
I J)n 4)12 -(LE-J)P J)w J)us J}ﬂ (Lw :
b o e ———— - —— — o - — — — Y - - — ——— ———— — —
7
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ABSOLUTE MAXIMUM RATINGS

Supply voltage Vcc +7

Max. voltage, logic and Vrer input +Vce

Operating temperature range 0°C to +70°C (MP and DP package)
Storage temperature range -565°C to +125°C

ELECTRICAL CHARACTERISTICS (at Vcc = 5V, Tamb = 25°C and fcik = 1.6MHz unless otherwise specified).

Parameter Min. Typ. Max. Units Conditions
ZN448
Linearity error - - 0.5 LSB
Differential linearity error - - +0.75 LSB
Zero transition 12 15 18 mV DP package
(00000000—00000001)
Full-scale—transition 2.545 | 2550 | 2.555 \' VReF = 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
Full-scale—transition 2.542 | 2,550 | 2.558 v VRer = 2.560V
(11111110 11111111)
All Types
Resolution 8 - - bits
Linearity temperature coefficient - +3 - ppm/°C
Differential linearity temperature coefficient - +6 - ppm/°C
Full-scale temperature coefficient - +25 - ppm/°C
Zero temperature coefficient - +8 - uvreC
Reference input range 1 - 3 \
Supply voltage 45 5 5.5 "
Supply current - 25 40 mA
Power consumption - 125 200 mW
Comparator
Input current - 1 - nA V, = +3V, R, = 82kQ
Input resistance - 100 - kQ
Tail current 25 65 150 pA V-=-5V
Negative supply -3 -5 -30 Vv
Input voltage -0.5 - +3.5 '
On-chip reference .
Output voltage ZN448 2.520 | 2.550 | 2.580 Vv Rger = 390Q
ZN449 2520 | 2.550 | 2.600 Crer = 417
Slope resistance - 0.5 2 Q
Ve temperature coefficient - 50 - ppm/°C
Reference current 4 - 15 mA
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ELECTRICAL CHARACTERISTICS (Cont.)

Parameter Min. | Typ. | Max. Units Conditions

Clock
On-chip clock frequency - - 1 MHz
Clock frequency temperature coefficient - +0.5 - %/°C
Clock resistor - - 2 kQ
Maximum external clock frequency 0.9 - 1 MHz
Clock pulse width 500 - - ns
High level input voltage Vi1 4 - - v
Low level input voltage Vi - - 0.8 \
High level input current IH - - 800 pA V= +4V, V. = MAX
Low level input current I - - -500 LA V= +0.8V, V = MAX
Logic (over operating temperature range)
Convert input
High level input voltage ViH 2 - - \
Low level input voltage Vi - - 0.8 \Y
High level input current IiH - 300 - pA V= +2.4V, V= MAX
Low level input current I - +10 - A V= +0.4V, V = MAX
RD input
High level input voltage Vi1 2 - - \Y
Low level input voltage ViL - - 0.8 \Y
High level input current liH - +150 - HA V= +2.4V, V= MAX
Low level input current I - -300 - LA V= +0.4V, V= MAX
High level output voltage Vor 2.4 - - v low = +2.4V, V= MAX
Low level output voltage Vou - 0.4 \ lo, = +0.4V, V  ="MAX
High level output current lox - - -100 pA
Low level output current lo. - - 1.6 mA
Three-state disable output leakage - - 2 HA Vour = +2V
Input clamp diode voltage - - -1.5 \
RD input to data output - 180 250 ns
Enable/disable delay times Te1 180 210 260 ns

Teo 60 80 100 ns

To1 80 110 140 ns

Too 60 80 100 ns
Convert pulse width twR 200 - - ns
WR input to BUSY output - - 250 ns

GENERAL CIRCUIT OPERATION

The ZN448/9 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
Veer, fromthe DAC. This is compared to the input voltage V,;
adecision is made on the next negative clock edge to resetthe

LV . LV
MSBtoOif —BEE <V orleaveitsetto 1if B <V .
2 2

Bit 2 is set to 1 on the same clock edge, producing an output

VREF VREF VREF

from the DAC of % o5 +~4—depending on the state

of the MSB. This voltage is compared to V,, and on the next
clock edge adecision is made regarding bit 2, whilst bit 3 is set
to 1. This procedure is repeated for all eight bits. Onthe eighth
negative clock edge BUSY goes high indicating that the
conversion is complete.
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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 output. Readout is non-destructive.

CONVERSION TIMING

The ZN448/9 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 diagrams for the conversion are
shown in Fig.3.

The converter is cleared by a low-going CONVERT pulse,
which sets the most significant bit and results all the other bits
andthe BUSY flag. Whilstthe CONVERT input is low the MSB
output of the DAC is continuously compared withthe 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 inputgoes 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

ZN448/9

clockfrequency. The CONVERT input is not locked out during
a conversion and if it is oulsed low at any time the converter
will restart. .

The BUSY output goes high simultaneously with the LSB
decision, atthe end of aconversion 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, howeverthe 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).

T NOTE1 |
1 —— —-bé-l
: 1
coo LA MMM ILILIL
\ Bty 16 5 4 3 2 1 0

Ls8 A)— L | |
| S . -
S<SEE EXPANDED DIAGRAM FIG. 2b
7 - MIN WR PULSE WIDTH 180ns
DON'T CARE NO MAX LIMIT
NOTE 1. GUARANTEED PERIOD OF 0.5 CLOCK CYCLE MIN. 1.5 CLOCK CYCLES MAX.
ALLOWS MSB TO SETTLE BEFORE MSB DECISION
Fig. 2a
NOTE 1
¢ e e e - —— f S ——
. ! MSB DECISION
CLOCK L [
WR @ 8 = @
BUSY

MSB DECISION

mMs8 7777 —
S8 >

(EXPANDED INSET)
Fig. 2b

Fig.3 ZN448/9 timing diagram
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If afree-running conversionis required, thenthe converter can
be made to cycle by inverting the BUSY output and feeding it
toWR. To ensurethat 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.4a.

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

whichtime the data canbe stored inalatch. Thetime 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
andload capacitance. Inthe 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.

OPTIONAL
DELAY

+5V

ov

Fig.4a Circuit for continuous conversion

3
2

Fig.4b Timing for continuous conversion

DATA OUTPUTS

The dataoutputs are provided with three-state buffers to allow
connection to a common data bus. An equivalent circuit is
shown in Fig.5. Whilst the RD input is high both output
transistors are turned off and the ZN448/9 presents only a high
impedance load to the bus.
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When RD is low the data outputs will assume the logic states
present at the outputs of the successive register.

Atest circuit and timing diagram for the output enable/disable
delays are given in Fig.6.
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Vi
(o

500Q
20k
BITS 1-8
(PINS 11-18)

cc
10k
RD
(PIN 2)
GROUND o —

Fig.5 Data output

s +30V
Y
| 150"
A . ov
L Te Lo
LU
o IS0 0% LOGIC 1
]
LOGIC 1 QUTPUT DATA ! | 15y
: |
| ~ 15V
LOGIC 0 OUTPUT DATA | \___.L_/_—
| o (0% 10" LOGIC 0
Ty I‘B%

QUTPUT LOAD
+5V

Lk

OuTPUT

ALL
o 25 @ DIODES

T INS16
. . ov

Fig.6 Output enable/disable delays
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BUSY OUTPUT
The BUSY output, shown in Fig.7, utilises a passive pull-up for
CMOS/TTL compatibility. This allows up to four BUSY outputs

to be wire-ANDed together to form a common interrupt line.

Vee

GROUND

10k

Fig.7 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
Fig.8a. A graph of typical oscillator frequency versus
capacitance is given in Fig.9. The oscillator frequency may be
trimmed by means of an external resistor in series with the
capacitor, as shown in Fig.8b. However, due to processing
tolerance, the absolute clock frequency may vary

considerably between devices. For optimum accuracy and
stability of the oscillator frequency, it may be possible to use
acrystal or ceramic resonator with suitable load components,
as shown in Fig.8c. The final option is to overdrive the
oscillator input with an external clock signal from a TTL or
CMOS gate, as shown in Fig.8d.

osc

a2

GND

a) Fixed/variable capacitor

3
4.7K * 1MHz
Xtal
9

% Load circuit to suit
device used

c) Crystal or resonator

W

2kQ
MAX

b) Fixed capacitor + variable resistor

d) External TTL or CMOS drive

Fig.8 Clock circuit external components
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\

1MHz
s
A NI
N
100kHz \‘
10kHz
1kHz
10p 100p in

10n 100n

Fig.9 Typical clock frequency v C,, (R, = 0)

ANALOG CIRCUITS

D-A converter

The converter is of the voltage switching type and uses an R-
2R ladder network as shown in Fig.10. Each element is
connected to either OV or V___ . by transistor voltage switches
specially designed for low offset voltage (1mV).

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

DtoAoutput=_n_ (Vo -Vos) + Vos
256

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

Vs is @ small offset voltage that is produced by the device
supply current flowing in the package lead resistance. The
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 neglible.

The D-A output range can be considered to be 0 - V,
through an output resistance R (4k).

REF IN

D TO AOUTPUT

VREF IN . i _ i
PIN7) ©
<«—VOLTAGE —»
©7 =07 switcHEs 0 X ¢
0voLTS ,_y1 l J _ J |
(PIN'9) Vos DBO DB1 DB6 DB7

Fig.10 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.11). A Resistor (R,) should be connected
between pins 8 and 10. ‘

The recommended value of 390Q will supply a nominal
reference current of (5 - 2.5)/0.39=6.4mA. A stabilising/
decoupling capacitor, C,. (4117), is required between pins 8
and 9. For internal reference operation V. o, (pin 8) is
connected to V.. (pin 7).

UP to five ZN448/9's may be driven from one internal

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 in the range +1.5 to +3.0V
may be connected to V... The slope resistance of such a
reterence source should be less than 2.5Q, where n is the

n

reference, there being no need to reduce R... This useful number of converters supplied.
Veg +5V
(PIN 10)
RRer
(390)
VREFOUT
(PIN'8)
CREF
(0.47p)
GROUND
(PIN9)

Fig.11 Internal voltage reference

RATIOMETRIC OPERATION

If the output from a transducer varies with its supply then an
external reference for the ZN4448/9 should be derived from
the same supply. The external reference can vary from +1.5
10+3.0V. The ZN448/9 will operate if V., is less than +1.5V
butreduced overdrive to the comparator will increase its delay
and so the conversion time will need to be increased.
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COMPARATOR

The ZN448/9 contains a fast comparator, the equivalent input
circuit of which is shown in Fig.12. A negative supply voltage
is required to supply the tail current of the comparator.
However as this is only 25 to 150pA and need not be well
stabilised it can be supplied by a simple diode pump circuit
driven from the BUSY output.




ZN448/9

+5V PIN 10

\ TO LOGIC

HIGH = 'RETAIN BIT*

R .
AO'N |:]'N VO'N K H_:_o D TO A OUTPUT
K PIN6 m (O - VREFIN)

RexT 1|EXT

V-

Fig.12 Comparator equivalent circuit

BUSY

REXT

GND

0 o Vee b Ve OVee
R1 4k? A7k
IN914 BUSY 5 Z7X108C
1
1
R2 47k
R
5 T EXT s
IN914 IN914 1
3 O GND GND O GND
€ Vee * oV
R1 1k
BUSY 1
c1*
L7k
Rext
R2
INS14
GND o~ ~O GND
R2xCi> 190

fck

Fig.13 Diode pump circuits to supply comparator tail current
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Several suitable circuits are shown in Fig.13. 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 whilstthe BUSY output is high. If the BUSY output

is high for greater than one converter clock period then the
circuit of Fig. 13a will suffice. If thisis notthe case, forexample,
in the continuous conversion mode, then the circuits of Figs.
13b and 13c are recommended, since these can pump more
current into the capacitor.

Where several ZN448/9's are used in a system the self-
oscillating diode pump circuit Fig.14 is recommeded.
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.

330 5V
S|
470
100n IN914
_II 1 -3.5V
1
— 220 IN914 100n

%

Fig.14 Diode pump circuit to supply comparator tail current for up to five ZN448/9's

R, (kQ)

EXT (

47

82
150
180
220
330
390
470

Table 1
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ANALOG INPUT RANGES

The basic connection of the ZN448/9 shown in Fig.15 has an
analogue input range 0 to V.., 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 comparator
input, whilst for smaller input ranges the signal must be

amplified to a suitable level.

ZN448/9

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

<—— DIGITALOUTPUTS ——

NOMINAL Ajy RANGE = 0 TO VREFIN

LSB MSB V
DBO (+g9)
o}
18 17 16 15 14 13 12 11 10
RREF
(390Q)
1 2 3 4 6 7 8 9
VIN
REiT Rw
82 4 I
] CREF
o O O © (4u7)
BUSY RD CK V- AIN VREFIN VREFOUT %QP
-5 0)

Fig.15 External components for basic operation

89



ZN448/9

UNIPOLAR OPERATION
The general connection for unipolar operation is shown in
Fig.16.

=GV

' "REFIN REFIN*

AFS = (1 B ) v
R2

To match the ladder resistance R /R, (R) = 4k.

The values of R, and R, are chosen so that V, = V., When
the analog input (A,) is at full-scale. The required nominal values of R, and R, are given by R, =
4Gk, R, = 4G k
The resulting full-scale range is given by: G-1
AIN VREF IN
O—
iM
ZERO
ADJUST
R []
680k
Vi
Nl zN44sro
9
GROUND
R[]

Fig.16 General unipolar input connections

Using these relationships a table of nominal values of R, and

R, can be constructed for V., = 2.5V.
Input range G R, R,
+5V 2 8k 8k
+10V 4 16k 5.33k

Gain adjustment

Due to tolerance in R, and R,, tolerance in V. 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.
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Zero adjustment

Due to offsets in the DAC and comparator the zero (0 to 1)
code transition would occur with typically 15mV applied to the
comparator input, which correpsonds 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
VREFIN'

Practical circuit values for +5 and +10V input ranges are given
in Fig.17, which incorporates both zero and gain adjustments.



ZN448/9

AN O——l VREF IN

il

+5V FULL-SCALE

]

P15k ™ P2 P1 10k
GAIN ZERO GAIN
ADJUST ADJUST ADJUST
R15k6 8ok | |R3 R111k
TOPING TOPING
R2 8k2 + 2% RESISTORS R2 56
+20% POTENTIOMETERS

+10V FULL-SCALE

Fig.17 Unipolar operation component values

Unipolar adjustment prodedure

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

outputs.

(i) Apply full-scale minus 1.5LSB to A, and adjust off-set until
the bit 8 (LSB) output just flickers between 0 and 1 with all

other bits at 0.

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
Bipolar logic coding
Analogue input (A) Output code
(Nominal code centre value) (offset binary)
FS - 1LSB 11111111
FS - 2LSB 11111110
0.75FS 11000000
0.5FS + 1LSB 10000001
0.5FS 10000000
0.5FS - 1LSB 01111111
0.25FS 01000000
1LSB 00000001
0 00000000

(iii) Apply 0.5LSB to A, and adjust zero until 8 bit just flickers
between 0 and 1 with all other bits at 1.
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BIPOLAR OPERATION

For bipolar operation the input to the ZN448/9 is offset by half

full-scale by connecting a resistor R, between V., and V,,
(Fig.18).
AN _VREFIN
O—

W]

VIN

R2

6  ZN448/9
9

GROUND

Fig.18 Basic bipolar input connection

When A = -FS, V| needs to be equal to zero.

When A = +FS, V| needs to be equal to V,

REF IN®

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

To match the ladder resistance, R/R,/R, (=R,,) = 4k.

A bipolar range of £V,

Thus the nominal values of R, R,, R, are given by R, = 8 Gk,
R, =8G/(G - 1)k, R, = 8k.

aerw (Which corresponds to the basic
unipolar range 0to +V, .. ) results if R, = R, =8k and R, = e,

Assumingthe V.., = 2.5V the nominal values of resistors for
+5 and £10V input ranges are given in the following table.

Input range R, R, R,
+5V 16k 16k 8k
+10V 32k 10.66k 8k

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

Practical circuit realisations are given in Fig.19.
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Notethatinthe £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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AN

OFFSET
ADJUST

AN VREF
sk
OFFSET ™
ADJUST
13K
TOPING
5k
GAIN
ADJUST
+2% RESISTORS
+20% POTENTIOMETERS
13
+5VOLTS FULL SCALE

5k
GAIN
ADJUST

8k2

+10VOLTS FULL SCALE

TOPIN 6

Fig.19 Bipolar operation component values

Bipolar adjustment prodedure

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

outputs.

(iv) Repeat step (ii).

(ii) Apply -(FS -0.5LSB) to A, and adjust off-set until the bit 8
(LSB) outputjust flickers between 0 and 1 with all other bits

at 0.

Bipolar setting up points

Input range, tFS -(FS -0.5LSB) +(FS -1.5LSB)
+5V -4.9805V +4.9414V
+10V -9.9609V +9.8828V
1LSB =2FS
256
Bipolar logic coding

Analogue input (A,)

(Nominal code centre value)

Output code
(offset binary)

+(FS - 1LSB)
+(FS - 2LSB)
+0.5FS
+1LSB

0

-1LSB
-0.5FS

-(FS - 1LSB)
-FS

11111111
11111110
11000000
10000001
10000000
01111111
01000000
00000001
00000000

(iii) Apply +(FS -1.5LSB) to A, and adjust gain until the 8 bit
just flickers between 0 and 1 with all other bits at 1.
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Section 4
Video and High Speed ADCs

ULU FLEDYLEYX
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GEC PLESSEY
v conbucrons]

DS2465 - 2.3
30MHz 8-BIT FLASH ADC (TTL/CMOS OUTPUTS)
The SP97378 is a wideband, full flash analog-to-digita!
converter that requires no preceding sample and hold. The Ds[ 1 N 18 ]D4
device contains a full 8-bit D-type latch which ensures that the [ ]
8 TTL/CMOS outputs are accurately registered and have a D2 D5
good data valid time at high clock speeds. D1 [ ]DG
Oé)lera;ing from a single +i volt supply the device is Do (LSB)[ ]D7 (MSB)
capable of conversion rates well in excess of 30MHz and its
wideband input allows signals with frequencies up to the J— CLK[ SP973T8 ]DGND
Nyquist limit to be digitised with high accuracy. An internal CLKOR B'AS[ ]DVCC
bandgap voltage regulator gives low DC drift over a wide VRB[ ]VRT
operating temperature range. AVCC[ ]VIN
The SP973T8 is designed for applications where power AGND[ 9 10 ]V
consumption and package size is at a premium. RM DP18
Fig.1 Pin connections - top view
FEATURES APPLICATIONS
B Flash Converter, No Sample and Hold Required Studio Quality Video
B Wideband Analog Input 70MHz, 3dB (Typ.) l DBS Broadcast Video
B Low Power Consumption (600mW Typ.) B High Resolution TV
B Latched TTL/CMOS Compatible Outputs B Nucleonics
B No Missing Codes - Guaranteed B Radar
B Designed for Wideband Operation m Computing
W Single 5V Supply
M Production Tested at 30MHz ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vcc v
ORDERING INFORMATION Output Current 10mA
SP973T8 C DP (Commercial - Plastic DIL package) Input Voltage, Vin Vee
Operating Temperature 0°C to +70°C
Storage Temperature -65°C to +150°C
5 " 1
. CLK oﬁ—-—-—-— \ '
CIK OR BIAS ?— L~ | '
1
| 800ve,
1
LSB 4 .! 5)
3
2
——0
11
—
LATCH E> ENCODER I> D LATCH ﬂ %‘E‘ZUET 184 >g{,¥gl'f$ss
75
161
WSB 15
——007
Y,
148 DGND
] ;L/

Fig.2 Internal block diagram
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated):
Tamb = 25°C, Vce = +5V + 0.25V

Full temperature range = 0°C to +70°C

DC CHARACTERISTICS

Value
Characteristic Symbol | Temp. | Test level Units Conditions
Min. Typ. Max.
Power Supply
Supply current lec Full 4 100 140 mA
25 1 110 120 130 mA
Power dissipation Po Full 4 475 735 mwW
25 1 520 600 680 mW
Analog Input
Input range ViN Full 4 1.8 Vee-0.7 \Y
Input bias current Iin 25 1 150 390 1100 nA VIN = VRT
3dB bandwidth fadb 25 4 70 MHz
Input capacitance CiN 25 4 30 pF
Reference Ladder
Ladder resistance Ro 25 1 325 440 550 Q
Ladder voltage (top) VRT Full 4 4.3 |Vcc-0.7 \'
Ladder voltage (bottom) | Vrs Full 4 1.8 2.3 \%
Ladder offset (top) VRTo 25 5 -4 mV
Ladder offset (bottom) VRgo 25 5 +3 mV
Ladder temp. coeff. Rtc Full 5 1.5 QrC
Clock Input
Logic '1' voltage ViH Full 4 2.75 4.3 Vee Y f
Logic '1* current Ik 25 1 25 uA Qns{?’,g‘%;ﬁ;g\é ‘;%”Ffﬁiﬂ
Logic '0' voltage Vi Full 4 1.75 33 |Vce-1.0 V to the CLK pin
Logic 0" current i 25 1 2 HA
Digital Outputs
Logic '1' voltage Vou Full 4 3.3 v
25 1 35 3.8 \ Into Standard LS
Logic '0" voltage Vo Full 4 0.4 Y TTL Load
25 1 0.1 0.4 \Y
Static performance
Differential non-linearity | DNL Full 4 +1 LSB
25 4 +0.5 LSB
Integral non-linearity INL Full 4 +1 LSB
25 4 +1 LSB
AC CHARACTERISTICS (Refer to Fig.7)
Value
Characteristic Symbol | Temp. | Test level Units Conditions
Min. Typ. Max.
Clock min. high tPwi 25 4 10 ns
Clock min. low tPwo 25 4 10 ns
Max. conversion rate Full 4 30 50 MHz | AN = 15MHz at FS
Aperture delay tap 25 5 3 ns
Output data delay to 25 4 7 ns
Output rise time tR 25 4 6 ns
output fall time tF 25 4 8 ns
Dynamic Performance With Fcik = 30MHz
Differential non-linearity | DNL 25 1 -0.85 | £0.5 +1 LSB | Awmax = 10MHz at FS
Integral non-linearity INL 25 1 +1 12 LSB | Anmax = 10MHz at FS
S/N ratio SNR 25 1 40.9 445 dBc | Anmax = 1MHz at FS
4 441 dBc | Anmax = SMHz at FS
4 43.3 dBc | Anmax = 10MHz at FS
Effective No. of bits ENOB 25 1 6.5 7.1 bits | Anmax = 1MHz at FS
4 7.0 bits | Anmax = SMHz at FS
4 6.9 bits | Anwmax = 10MHz at FS
Bit Error Rate BER 25 4 1in10°
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ELECTRICAL CHARACTERISTICS DEFINITIONS
Analog Bandwidth

The analog input frequency at which the spectral power of
the fundamental frequency, as determined by Fast Fourier
Transform analysis is 3dB down on the DC level.

Aperture Delay .
The delay between the falling edge of the CLOCK signal
and the instant at which the anaiog input is sampied.

Bit Error Rate (BER)

The number of spurious code errors produced for any
given input sinewave frequency. In this case it is the number
of codes occuring outside the histogram cusp for a ¥/, F.S.
sinewave.

Differential Non-Linearity (DNL)
The deviation of any code width from an ideal 1LSB step.

Effective Number of Bits (ENOB)
This is a measure of the dynamic performance and is
calculated from the following expression.

ENOB = SNR-1.76
6.02

SNR is the signal-to-noise ratio, in decibels, at the test
frequency.

PIN DESCRIPTIONS

SP973T8

Integral Non-Linearity (INL)
The deviation of the centre of each code from a reference
line which has been determined by a least squares curve fit.

Output Data Delay
The delay between the 50% point of the falling edge of the
clock signal and the 50% point of any data output change.

Reference Ladder Offset
The voltage error at the ends of the resistor chain caused
by the lead frame and bond wire.

Signal-to-Noise Ratio (SNR)

The ratio of the RMS signal amplitude to the RMS value of
'noise’ which is defined as the sum of all other spectral
components including harmonics but excluding DC with a full
scale analog input signal. ’

Test Levels
Level 1 - 100% production tested
Level 2 - 100% production tested at 25°C and sample
tested at specified temperatures
Level 3 - Sample tested only
Level 4 - Parameter is guaranteed by design and
characteristics testing
Level 5 - Parameter is a typical value only

Pin No. Function Description
1,2,8,4 D3, D2, D1, DO Output data bits 3,2, 1, 0

5 CLK Clock input pin

6 CLK Clock threshold level pin

7 VRe Bottom of reference resistor chain

8 AVcc L o

5 Volt power to all circuitry except the TTL output

9 AGND )T . ;

10 Ve Middle of reference resistor chain

1 Vin Analog input voltage pin

12 VAT Top of reference resistor chain

13 DV

14 DG:I(I:D } 5 Volt power supply to the TTL output stage

15 D7 Most significant bit (output data bit 7)
16,17, 18 D6, D5, D4 Output data bits 6, 5, 4

RECOMMENDED OPERATING CONDITIONS

Supply Voltage Vce +5.0V
Reference VRt +4.3V
Reference Vra +2.3V
AVcce to DVee omV
AGND to DGND omV
Analog Input Vin 2 Vp-p max

THERMAL CHARACTERISTICS

DP
Thermal resistance, chip-to-case 6jc 20 °C/W
Thermal resistance, chip-to-ambient 8ja 75 °C/W
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APPLICATION NOTES
Analog Input Pin (Fig.3)

The analog input of the SP973T8 is connected to 256
comparators which have a combined capacitance of about
30pF. The sample/latch operation of the comparators causes
the input capacitance to vary slightly as the comparator input
transistors turn on/off. For this reason the input driver circuit
should provide a low impedance signal to keep the harmonic
distortion levels of the driver to a minimum.

The maximum amplitude of the analog input is defined by
the setting of the two reference voltages VRt and Vrs. Opti-
mum performance will be obtained with the input signal biased
midway between VRt and Vrs with a peak to peak amplitude
of VaT-VRe. The SP973T8 has excellent overload tracking of
input signals with amplitudes greater than Var-Vrg, and will
not be damaged if the absolute maximum ratings are adhered
to.

AV,
T REF

CHAIN
VRT

1.5Q

Z VRB

5V
18k [] ADC PIN 12
CLAMP LEVEL Q
AR VINED N4
FCR VIDEC O—
APPLICATIONS
INTERNAL
RESISTOR
1.5k ]
p———ADCPIN 7
245V

Lad

ZN4S8 /D
PRECISION (4
REFERENCE

——

Fig.4 Simple reference voltage generation

TTL/CMOS Outputs (Fig.5)

The data output levels of the SP973T8 are TTL/CMOS
compatible and switch from OV to +4V. The output circuit is
capable of operation at clock frequencies in excess of 60MHz
when driving into a standard LSTTL load.

Fig.3 One of 255 analog inputs connected to pin 11

Voltage Reference Pins (Fig.4)

The SP973T8 converts analog signals in the range
Vre<ViN<VRT into digital format, where Vras produces code 0
and VRt produces code 255. Between the pins Var and Vrs
are a series of 256 resistors forming a reference chain with a
total resistance of 425Q (typically). The centre point of the
reference chain is also connected to an external pin named
Vrm by which it is possible to provide precision trimming of the
integral linearity of the device.

The maximum value of VRris Vce-0.7 volts since values
above this figure will start to saturate the comparator, resulting
in noticeable distortion. Optimum performance from a +5 Volt
power supply is obtained with VRT<+4.3V and Vs a further 2
volts below VRrt. In addition the VrT, VRe and Vam pins should
be decoupled to ground close to the device pins using good
quaiity 10nf capacitors. A simpie method for providing the
reference voltages is shown in Fig.4, and further information
may be found in applications note AN72. With a reference
ladder voltage of less than 2V the reduced LSB size causes a
larger differential linearity error. Operation of the device below
1.5V may therefore cause missing codes.

100

+5V

O DV

5002

—O DATA OUTPUT

O DGND

) e

Fig,5 TTL output stage



Clock Input (Fig.6)

The SP973T8 will operate at clock frequencies up to and
above 30MHz. The clock input has been designed to accept
a 1Vpp signal, in either differential or single-ended mode,
between the ViHMaxy and Viiminy levels indicated in the
electrical specification. At Viimax or ViLming the CLK input will
sink 800pA or source 3.2mA of current, respectively.

(See Fig.6).

When used in single-ended operation, CLK may be
decoupled to ground so that this input will then self-bias at
approximately 1.2V below the supply Vcc. It may then be used
to bias the CLK input, through a termination resistor, for AC-
coupled applications as shown in Fig.8.

Alternatively a TTL level clock may be used by inserting an
appropriate value resistor in series with the coupling
capacitor.

TIMING (Fig.7)

The analog input is sampled by the SP973T8
approximately 3ns (tap) after the falling edge of the clock. Due
to the pipeline operation of the device, afurther one clock cycle
is required to produce the output data. As showninFig.7,the
output has a good data valid time, enabling the data to be
latched at both the rising and falling edges of the clock.

SP973T8

CLOCK'
OR BIAS
DECOUPLE

Fig.6 Clock input stage

However, for clock frequencies above 25MHz the clock-to-
output delay time may lead to an inadequate data set up time
relative to the rising clock edge and it is therefore
recommended that the output data is latched on the falling
clock edge.

SAMPLE
N

VIN

-»| |<€taD
[ €¢—— tcyCc —>

tp

SAMPLE

N+1

cLock / \ towo >/ tpw1 _)\_/——\
-).
av

SAMPLE
N+3

SAMPLE
N+2

DATA
OUTPUT

DATA VAL

|
D N-2 DATA VALID N-1 XDATA VALID N X DATA VALID IN+1

< PIPELINE DELAY -]

Fig.7 Timing diagram
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Circuit Board Construction (Fig.8)

Excellent performance can be obtained from this ADC
using only one solid ground plan for both analog and digital
signals.

With all flash ADCs it is important to restrict digital
crosstalk into the input, not only within the wanted signal
bandwidth but also at frequencies between Nyquist and clock,
as such signals will be aliased down into the wanted signal
bandwidth.

We cangivethe designertwo useful suggestionsto reduce
the above. First, due to the on-chip clock regeneration circuit,
a low level clock can be fed to the ADC 1V p-p is

recommended. The second suggestion is the addition of a
small bead inductor in series with and close to the device
analog input.

Supply line decoupling is very important when dealing with
amix of analog and digital signals as they can provide a source
of digital feedback from the digital output currents. It is wise,
therefore, to decouplethe SP973T8 close to the device supply
pins with good quality, high frequency, low inductance
capacitors.

Due to the high clock rates involved, long clock lines to the
device should be avoided to reduce the noise pick up.

O DO (LSB)
O D1
> -OD2
»- OD3 DATA OUTPUTS
(TTLCMOS
L[ 1 Y 18 ] > O D4 COMPATIBLE)
2 17[} » O D5
—ls s 18[}— > O 06
o1 __[4 ] 15] > O D7 (MSB)
cLock 0—] — 5 7 1af} 30 oono
6 3 13} = O DVcc
0.1y T -
-VE REF Vpg O I U7 3 12)_1 I O +VE REF Vgt
AV I gl i
cc O ppys = P —1]8 11} - v < O ANALOG INPUT
AGND O T T s 10[—F O MID REF V
1 ! LI I 1T RM
— 10n
= = ;_-_ NOTE: DECOUPLE CLOSE TO PINS

Fig.8 Test/application circuit
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SP97504

HIGH SPEED FOUR BIT EXPANDABLE A TO D CONVERTER

The SP97504 is a fast 4-bit ECL A-D converter,
expandable up to 8 bits without additional encoding circuitry.
It has been designed to maintain high accuracy at high analog
input frequencies.

It can convert at sample rates from DC to 110MHz, with
analog inputs above Nyquist frequencies. Alloutput levels are
ECL compatible.

The latch function to the déviceé provides on-chip sampling
which allows the converter to operate without an external
sample and hold. Data is clocked through the device in
master/slave fashion, ensuring that all outputs are
synchronous.

The SP97504 operates from a +5V, -7V supply.

FEATURES

Operating Temperature Range -30°C to +85°C
No External Components for 4-Bit Conversion
110MHz Conversion Rate

On-Chip Encoding for Expansion to 8 Bits

No External Sample and Hold Needed

Bit Size 10-100mV

Over 100MHz Full Power Bandwidth

10ps Aperture Uncertainty Time

8-Bit Accuracy (When Expanded)

ABSOLUTE MAXIMUM RATINGS

Positive supply voltage +5.5V
Negative supply voltage -7.5V
Storage temperature range -65°C to +150°C
Junction operating temperature <175°C
Lead temperture (soldering 60 sec) 300°C

ORDERING INFORMATION
SP97504 DG (Industrial - Ceramic DIL package)

DS2191 - 2.2
anaogineUTr >~ 18 ]gg:ﬁgéﬂcfp
Vrer2[]2 17 [IVRery
+wecls 16 [1-Vge
CARRY INPUT[] 4 15 [JCARRY OUTPUT
LATCHINPUT[]5 14 [JGROUND (oV)
22 ouTPUT[]6 13 1
1 12 12 carny cate
2 outPuT[]s 11 [Js [OUTPUTS
22 0uTPUT[]9 10 14

DG18

Fig.1 Pin connections - top view

CARRY_INPUT
ANALOG INPUT

VREE 1 CARRY

- GATE
OUTPUTS

CARRY
1 OUTPUT

o—4

O e I
: [
EE _P—Of

o
VREF2 LATCH INPUT

Fig.2 Functional diagram
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated):
Tamb = 25°C, Vce = +5V + 0.25V, Vee = -7V + 0.25V, RL = 100Q to -2V

Value . .
Characteristic Symbol Units Conditions
Min. Typ. Max.
Analog input current Is 30 100 pA [ Vin=0V
Analog input capacitance CiN 10 pF
Common mode range Vem -2 +2 Vv
Maximum input slew rate 1000 Vius
Latch input capacitance Cin 2 pF
Positive supply current lcc 72 92 mA
Negative supply current lee 75 96 mA
Reference resistor chain 25 Q Total
Reference bit size 10 100 mV
Comparator offset voltage Vos -5 +5 mV
Total power dissipation Poiss 935 1230 mW | All outputs loaded
Input and output logic levels
Logic high VoH -0.930 -0.720 \Y For 1002 load
Logic low VoL -1.90 -1.620 \" to -2V
Minimum latch set-up time ts 1.5 2 ns 10mV overdrive
Data uncertain 5 ns <1mV overdrive
Latch to output propagation delay
Latch enable to output high tpd + (E) 6 8 ns
Latch enable to output low tpd - (E) 5 8 ns } 10mV overdrive
Carry input to carry gate tod (C) 3 5 ns
O/P delay
Maximum sample rate Fc max 100 110 MHz
Aperture uncertainty time ta 10 ps
THERMAL CHARACTERISTICS
6A 90°C/W
6ic 20°C/W
Vec -5V
ANALOG MONITOR
10p TANTALUM
ANALOG IN 10n CHIP CERAMIC
lN/C
CARRY IN b o 3 %o VRER2  -160mV
MONITOR Y renm | mcnw CERAMIC e
e S <5 ”
T T" 1 - CHIP CERAMIC _ E72 TANTALUM
CARRY OUTPUT
= SP97504 14 ”}”
———
2.@ 6 13 ____@ TO (D;IS;YAL
=@ 7 12f————7) cARRY GATE
OUTPUTS
2@ 8 11f————) FORSTACKING
2@ 17 op—90
R A= »
TO ANALOG
4 x 100Q GND

Fig.3 High frequency test circuit
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PERFORMANCE CURVES
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Fig.5 Set-up time as a function of overdrive
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Fig.9 MSB output edge speeds as a function of temperature
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LATCH
iN

‘ INPUT LATCHED | OUTPUT LATCHED |

DATA
out

JAAR

I‘
|t

| LATCHTO DATA |

OUTPUT DELAY

UNCERTAIN

8ns

Fig. 10 Timing diagram

OPERATING NOTES

1. Carry output (pin 15) is high when the analog input
exceeds the top reference voltage (pin 17)

Then the carry gate outputs (pins 10 to 13) go low

regardless of carry input (pin 4), when the analog input is
between VREF and VREF2 and the carry output is low. The
carry gate output will be high if the carry input is also high.
Similarly if the carry input is low then the carry gate outputs will
be low.
2. When used in an ambient temperature in excess of 65°C
the SP97504 must be provided with an external heatsink or
forced air cooling. This will ensure that the junction
temperature does not exceed 175°C.
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APPLICATION NOTES

1. The SP97504 is ideally suited to subranging systems as it
maintains good accuracy at low reference voltages. This
enables the second rank to be driven at higher speed from the
subtracting Op-Amp

2. For applications that require low bit error rates at high
frequency, the clock signal should be adjusted for 60% ECL
low, 40% ECL high mark to space ratio.

3. The SP97504 is ideally suited to applications in
communication systems that incorporate multi-level coding
(quadrature amplitude modulation).

4. The SP97504 requires a fast edge speed clock. Rise and
fall times of <4ns are recommended.
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SP97508

DS2092 - 2.3

110MHz 8-BIT FLASH ADC

The SP97508 is an 8-bit flash ECL analog-to-digital

converter.

It incorporates 256 individual comparators, a

reference chain and a full D-type output latch. The ADC is

capable of sampling at 100MHz with full (Nyquist) analog:

bandwidth and has an excellent dynamic performance. A
conventional unity mark/space ratio clock can be used and the
output data can be programmed for true or inverse binary'and

twos' complement coding.

FEATURES
u

Full Scale Input Bandwidth 120MHz (3dB)

B No Missing Codes

B Production Tested with 30MHz Analog Input

W Low Input Capacitance: 32pF. (Max.)

B No External Sample and Hold Needed

B Low Power Consumption: 1.4W (Typ.)

W True/lnverse Binary and Twos' Complement Coding
W Operating Temperature Range: -40°C to +85°C
APPLICATIONS

B Radar Video Digitising

B Instrumentation

B Nucleonics

B Studio Quality Video

ORDERING INFORMATION
SP97508B HG
SP97508B AC  (Industrial - Pin Grid Array)
ABSOLUTE MAXIMUM RATINGS
Power supply VEE

Analog input V,,

Reference voltages VRT, VRM, VR8
Reference range VRT - VR

Digital inputs CLK, CLK, MINV, LINV
MidRef input current IvRm

Digital output current Ip

Voltage between AGND and DGND

Voltage between AVee and DVEeE

THERMAL CHARACTERISTICS
Storage temperature range

Max. junction operating temperature
Lead temperature (soldering 60s)

SP97508B HG 6JA
6Jc
SP97508B AC 6JA

(Industrial - J-Lead Quad Cerpac)

0V to-7V
+0.5V to VEE
+0.5V to VEE
2.5V

+0.5V to -4V

-10mA to +10mA

Oto -20mA

-50mV to +50mV
-50mV to +50mV

-65°C to +150°C

+175°C

300°C
46°C/W
11°C/W
40°C/W

PIN 1 IDENT

9 8 7 & 5 4 '3 2 1
OO0 0000 O0 A

NC D6 05 D4 D3 D2 D1 DO DGND2
O O 8

DGNDY D7 | [ ey N/C DGND1
O i 10 O|¢

DVEE DGND2 H H N/IC  DVEE
D

CLK  MINV LINV  NC
E

AVEE CLK AVEE AGND2
F

AGND2AGND 1 N/C AGND1
..................... G

NC  AVEE N/C  VRT
H

VRB N/C N/IC  AVEE
O O

N/C AGND2 VIN AGND! VRM AGND1 VIN AGND2 NC

AC46

SP97508

HG44

3
=

Function| Pin |Function| Pin |Function

© N U~ WN =

NC 16 | DGND 31 | AGND
LINV 17 | DGND 32 | VN
NC 18 |NC 33 | AGND
DVee 19 | DVee 34 | Vem
DGND 20 | MINV 35 | AGND
DGND | 21 |NC_ 36 |V
NC 22 | CLK 37 | AGND
DoLSB | 23 |CLK 38 |NC

D1 24 |NC 39 |NC
D2 25 | Vrs 40 |NC
D3 26 | AVEe 41 | AVee
D4 27 | AVee 42 | AVee
D5 28 | NC 43 |NC

D6 29 |NC 44 | VRt

Fig.1 Pin connections - top view
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ECL
ouTPUTS

I
Y
T

N\123 —OD5

g 8-BIT _-404
by —0) 8-BIT LATCH/

LATCH | lencober BUFFER D3

—oD2

L el e L RS D | Uy | W —— |

MINV  LINV
OUTPUT CODING

Fig.2 SP97508 functional block diagram

PIN DESCRIPTIONS (Pin numbers refer to HG44 package only)

nzme Function

AVee | Analog VEE, -5.2V (typ.).

LINV | Input pin for polarity inversion of output data bits DO to D6 (see Table 1).

DVee | Digital Veg, -5.2V (typ.).

DGND| Digital ground, separated from the analog ground (AGND).

D0-D7 | data output pins, ECL levels, D7 = MSB, DO = LSB. External pulldown resistors are required, e.g. 6802 to DV,.
MINV | Input pin for polarity inversion of D7 (MSB) (see Table 1). ECL '0' level is held when MINV is open circuit.
CLK [ Clock input pin, ECL levels. Analog input signal, Viv, acquired on rising edge (see Fig.8).

CLK | Inverse clock input pin , ECL levels.

VRs Reference voltage (bottom), -2V (typ).

AGND | Analog ground.

VIN Analog input, range (VAT - VRs) p-p.

VRM Midpoint of the reference voltage; can be used for linearity adjustment.

VRT Reference voltage (top), OV (typ.).

NC Not Connected. Pins 1 and 18 should be connected to DGND, all others AGND.

RECOMMENDED OPERATING CONDITIONS

Supply voltage -5.2V +£0.25V AGND to DGND OomV +50mV
Reference (Vrr) 0V +0.1V Analog input 2V p-p max.
Reference (Vrs) -2.0V+0.2V Output load 680Q to -5.2V
AVEeE to DVEee omV +50mV
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):

SP97508

Tamb = 25°C, VEee = -5.2V, VRT = 0V, VR8s = -2V, full temperature range = -40°C to +85°C
lue '
Characteristic Symbol T‘E"“P Test va Units Conditions
(°C) | tevel | min. | Typ. | Max.
Power Supply
Supply current lee 25 1 180 270 300 mA
Full 4 165 310 mA
Analog Input
Input bias current IN 25 1 80 150 285 LA
’ Full 4 50 350 HA
Input bandwidth (3dB) 25 4 120 MHz
Input capacitance - Cwn 25 4 29 32 pF - {Vin=0V
Input resistance Rin 25 4 75 kQ |Vin=0V
Reference Chain
Ladder resistance RR 25 1 90 105 135 Q
Full 4 70 165 Q
Ladder offset (top & bottom) | VRr1a 25 3 7.5 mV )
Clock Input I/P voltage swing = 1Vp-p
Logic '1' voltage Vin 25 4 -3.05 DGND v
Logic '0' voltage Vie 25 4 -3.85 -0.8 v
Logic "1 current I 25 1 380 HA  {Vin=-08V
Full 4 310 360 390 HA  |ViH=-0.8V
Logic '0* current I 25 4 280 A |Vie=-1.8V
Full 4 220 260 290 HA  |ViL=-1.8V
Min. pulse width (high) 25 4 3 ns
Min. pulse width (low) 25 4 2.3 ns
Digital Outputs
Logic '1* voltage Vo 25 1 -0.90 | -0.83 V. |RL = 680Q to DVee
Full 4 -1.00 \Y
Logic '0' voltage Vou 25 4 -1.80 | -1.90 V. |RL=680Q to DVee
Full 4 -1.65 "
Switching Performance
Max. conversion rate fc 25 4 110 MHz }fin = 50MHz at FS
Aperture delay tad 25 5 1.9 ns
Aperture uncertainty tau 25 4 30 ps rms
Output data delay td 25 4 29 ns |RL =680 to DVee
Output data rise time tr 25 4 2.0 ns |RL=680Qto DVee
Output data fall time t 25 4 1.6 ns |RL=680Q to DVee
Output data time skew ts 25 4 0.4 ns |RL =680 to DVee
Static Performance fc = 4MHz, fin = 1kHz ramp
Differential non-linearity DNL 25 1 -0.85 | +05 0.85 LSB |No missing codes
Full 4 -1.0 1.0 LSB |No missing codes
Integral non-linearity INL 25 1 -1.4 1.3 LSB
Full 4 -1.8 1.6 LSB
Missing codes 25 1 No missing codes Guaranteed
Gain error 25 1 -1.5 1.5 %FS
Offset error 25 1 -15 0 mV
Dynamic Performance fc = 100MHz
Transient response (rise) 25 4 2.4 ns fin = 50MHz
Transient response (fall) 25 4 2.1 ns square wave at FS
Slew rate 4 1.0 V/ns
Ditferential non-linearity DNL 25 1 -0.9 1.4 LSB fin = 30MHz
Integral non-linearity INL 25 1 -3.0 3.0 LSB sinewave at FS
Signal-to-noise ratio SNR 25 4 45.8 dB  |fin=1MHz at FS
25 1 41 445 dB  |fw = 10MHz at FS
25 4 39.0 dB  |fin = 30MHz at FS
Total harmonic distortion THD 25 4 53.5 dBc |fin=1MHz at FS
; 25 1 46 485 dBc [fin = 10MHz'at FS
25 4 40.4 dBc |fin = 30MHz at FS
Effective number of bits ENCOB | 25 4 7.3 bits |fn = 1MHz at FS
25 1 6.5 7.1 bits  |fin = 10MHz at FS
25 4 6.2 bits  |fin = 30MHz at FS
Bit error rate BER 25 4 1in 10° fin = 50MHz at + FS
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SP97508

ELECTRICAL CHARACTERISTICS DEFINITIONS
Analog Bandwidth

The analog input frequency at which the spectral power of
the fundamental frequency, as determined by Fast Fourier
Transform analysis is 3dB down on the DC level.

Aperture Delay

The delay between the rising edge of the CLOCK signal
and the instant at which the analog input is sampled.
Aperture Jitter

The sample-to-sample variation in aperture delay.

Bit Error Rate (BER)

The number of spurious code errors produced for any
giveninput sinewave frequency at a given clock frequency. In
this case it is the number of codes occuring outside the
histogram cusp for a %/, FS sinewave.

Differential Non-Linearity (DNL)

The deviation of any code width from ideal 1LSB step.
Effective Number of Bits (ENOB)

This is a measure of the device's dynamic performance
and may be obtained from the SNR or form a sine wave curve
fit test, according to the following expressions:

SNR-1.76 rms error (actual)
NOB = ———— = N- ——tee L
ENO 6.02 or ENOB = N-log, rms error (ideal)

where N is the conversion resolution and the rms error is the
deviation of the output from an input sine wave.
Integral Non-Linearity (INL)

The deviation of the centre of each code from a reference
line which has been determined by a least squares curve fit.
Output Delay

The delay between the 50% point of the falling edge of the
clock signal and the 50% point of any data output change.
Reference Ladder Offset

The voltage error at the ends of the resistor chain caused
by the end terminations, the lead frame and the bond wire.
Signal-to-Noise Ratio (SNR)

The ratio of the RMS signal amplitude to the RMS value of
'noise’ which is defined as the sum of all other spectral
components, including harmonics but excluding DC with a full
scale analog input signal.

Total Harmonic Distortion (THD)

The RMS value of all the harmonics compared with the
RMS value of the fundamental.

Transient Response

The time required by the outputs to move from 10(90)% to
90(10)% of the full scale range.

Test Levels

Level 1 - 100% production tested at 25°C

Level 2 - 100% production tested at 25°C and sample

tested at specified temperatures

Level 3 - Sample tested only

Level 4 - Parameteris guaranteed by characterisation or

design

Level 5 - Parameter is a typical value only

APPLICATION NOTES
Analog Input (Figs.3, 4 and 5)

The maximum amplitude and offset of the input is defined
by the reference voltages (Vrs to VRT). The optimum input is
2V p-p with a DC offset of -1V. The analog input circuit of the
SP97508 consists of 256 buffered comparator inputs, as
shown in Fig. 3.

The internal buffering to the device results in the typical
inputcharacteristics of Figs. 4 and 5. The dependence of input
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capacitance on voltage level is typical of flash converters and
so requires that'the analog input is driven from a low imped-
ance source such as the SL.9999.

Failure to drive the input capacitance properly causes
increased levels of harmonic distortion, most noticeable in the
second harmonic.

TO OTHER -O AGND
255 INPUTS
VIN
vﬂ
O AVEE
Fig.3 Analog input
40
30
CIN
(PF)
20 { TYPICAL AT 25°C }
10 -
-2 -1.6 -1.2 -0.8 -0.4 0
Vin (V)
Fig.4 Analog input capacitance
125

| TYPICAL AT 25°C [l

100 e}
[ —
(k_g) S T—

50
-2 -1.6 -1.2 -0.8 -0.4 0

Vin (V)

Fig.5 Analog input resistance (AC)

Reference Pins (Fig. 6)

Between VRT and Vre there are 256 series resistors
forming the reference chain. The total resistance may be
between 90Q2 and 1202. A mid-reference pin (Vrwm) is also
provided as an option for precision setting of integral linearity.
Both Vam and Vas should be adequately decoupled to analog
ground. For optimum performance, Var is connected directly
to analog ground and Vs is driven from a -2V DC supply. For
precise reference setting, this supply should be adjustable by
+0.2V.




SP97508

Clock Inputs CLK and CLK (Figs. 7 and 8)

i

0.4Q
TYP.

 —

SP97508

Ao

L}

The SP97508 can be driven from either differential or
single-ended ECL clocks. In either mode, the clock lines
should be terminated with the line's characteristic impedance
close to the device clock pins. For full 100MHz operation, a
conventional unity mark/space ratio clock can be used.

Single-ended drive can be simply provided by adding a
1nF chip or encapsulated chip capacitor from the CLK pin to
DGND. The CLK pin will then self-bias at -1.28V, which is the
mid-threshold for ECL. The device canthen be clocked by an
ECL signal into the CLK input.

Timing (Fig.8)

The analog input is acquired by the device shortly after the
rising edge of the CLK signal. The internal latch causes aone
cycledelay, hence the output data is valid one clock cycle after
the acquisition of the analog signal.

The output data is further delayed by the clock-to-output
delay (to =2.9nstyp.). This gives the advantage thatthe same
timing and phase of the SP97508 CLK signal can be used to

Ver acquire the output data.
AGND I
Fig.6 Reference connections
DGND O I
13k
CLK -1.28V
CLK O
13k
DVEE G
Fig.7 Clock inputs
N N+1 N+2
ANALOG
—> tao
D, U Gl G I &
CLK =P\ o o o e e e | Y —— —
DATA X DATA VALID FOR N-1 X DATA VALID FOR N

4—(p—>|

11 1
2 3

1
1 4

18719 20 21 22

Fig.8 Timing at 100MHz (typ.)
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SP97508

OUt\E’VthCI\?I?I\iR/g (Tgbte”\}varl“:fig'g) et th Binary Inv 2s' comp. | 2s' comp. Inv binary
i an eft open circuit, the
. . X X =3 = INV = GND (1 ]
output will be coded in standard binary with all 1s Vin | MINV = 0/C (0) | MINV = O/C (0) | MINV = GND (1) | MINV = GND (1)
code corresponding to the most positive input LINV =0/C (0) | LINV = GND (1) | LINV = O/C(0) | LINV =GND (1)
Vin=VRT=0V. oV 11111 100 00 011 11 000 00
. . . 11 01110 1
An inverse binary output can be provided by 1o 10001 0000
connecting both MINV and LINV to ground. . N B -
Two's complement coding (inverted MSB) can B B R .
be provided by connecting only the MINV pin to
ground and inverse two's complement coding can 10000 nn 00000 011 11
be achieved by connecting only the LINV pin to 011 11 000 00 11111 100 00
ground. - - - -
000 01 01110 100 01 11110
-2V 000 00 011 11 100 00 11111
Table 1
8-Bit ECL Outputs (Fig.10)
DGND O—1 Theoutputs are standard ECL open emitters and therefore
require pull-down resistors connected from the outputs to
-5.2V or -2V digital supply. Single in-line resistors of value
10k 68002 to 1k(2 are recommended for termination to DVee. The
outputs are capable of driving 20002 terminations connected to
a -2V supply.
MINV/ -1.28V PPY
LINV ’ S O DGND
16k
DO - D7
DV O
Fig.9 MINV/LINV input Fig.10 Digital output
TYPICAL PERFORMANCE CHARACTERISTICS
2
& ERROR IN LSB = 0.49 10
n Vee = -5.2V
2 foroek = AMHZ @ g &
o fanaroc = TkHz o 50 2
& 1 | NO.OF MISSING CODES =0 K 8 o
] . & 7 2
- T g — 40
= 2 2
= z - 8
z g 5 Var- Vag =2V o
&J 0 E . V= 1.95V p-p 30 &
w 9 fo = 100MHz =
& w I z
w w3 [}
=} +LSB w 205
-1 % 10 20 30 40 50
0 20 40 60 80 100 120 140 160 180 200 220 240 INPUT FREQUENGY (MHz)
OUTPUT CODE

Fig.11 Static differential linearity in LSB:
typical production device
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Fig.12 Effective number of bits (ENOB) and
signal-to-noise ratio (SNR) v. input frequency




CIRCUIT BOARD CONSTRUCTION

As with most PCB construction for analog-to-digital
conversion, the best performance from the SP97508 can be
achieved by separating the ground plane into two sections:
analog ground (AGND), and digital ground (DGND). This aids
the device performance by reducing the degree of noise due
to digital switching fed back to the analog section of the
converter.

The digital noise is produced mainly by the ECL binary
outputs, which, ideally, should be terminated by a 680¢2 load

SP97508

Notes on Construction

1. Use split analog and digital ground planes connected
together close to the device. Do not run the analog input
next to the clock or data lines.

. All NC pins must be grounded: connect pins 1 and 18 to
DGND, all others to AGND.

. Connect digital and analog supplies together at a point on
the PCB away from the device.

. Use 10nF capacitors for supply decoupling.

. Use stripline techniques for siginal paths longer than 5¢cm

to the -5.2V digital supply, DVEeE. (2 inches)
The device supplies are also a source of digital feedback, 6. Use 4.7uF electrolytic capacitors to decouple the -5.2V
as they can be modulated by the digital output current. It is Vee supplies
wise, therefore, to decouple the SP97508 close to the device
supply pins with good quality, high frequency capacitors.
AGND DGND
-+ I»/
cLK ? < ECL CLOCK
CLK <
A LINE
— ADJUST AVge MINV| O/C 1on TERMINATION
— AVEE DV i}
“ §—ne DGND
1 ¢—{NC DGND
39 @—]AGND D7 » D7
{ } VIN D6 » D6
ANAL ¢——{AGND D5 » D5
ALOG SP97508 4 OUTPUT
weur > VRM  ppe D4 » D4 pata
0.01p = 39  $—AGND D3 » D3 (BINARY)
v TI I 1 Vin D2 » D2
= @——AGND D1 » D1
2V —InC Do > Do
—NC DGND
AVEE DGND
10n
AVEE DVEE 1l
10n $—ne LNv| oc
) ——VaT NC
NC AVgg 777
rﬂ _ b
4.7 - - 4.7 -:D— 8 x 680
7 Ty X
I AVEE ; DVEg
= (5.2V) (-5.2V)

Fig.13 Test and Application circuit

113



GEC PLESSEY
. A scviconbucTors]

ADVANCE INFORMATION

VP1058

8-BIT, 25MHz, VIDEO FLASH ADC (SINGLE + 5V SUPPLY)

The VP1058 is a low power analog-to-digital flash
converter which requires no preceding sample and hold
stage. Operating from a single +5V supply, it is capable of
digitising analog signals with frequencies up to the Nyquist
limit.

Output data is available in four possible 8-bit formats,
selectable via two digital control inputs, giving either true or
inverted code in binary or offset twos' complement.

FEATURES

B 8-Bit Resolution

M 25MHz Conversion Rate

B 60MHz 3dB Analog Input Bandwidth

B Single +5V Supply Operation

B Low Power Consumption (Typically 670mW)
B +3Vto+5V Analog Input Range

M Selectable Data Format

B TTL Compatible

B Direct Replacement for TDC 1058 or CXA 1096P
B Low Cost

B No Missing Codes - Guaranteed
APPLICATIONS

B Digital Television

B Computing

M Radar

B Medical Imaging

B Nucleonics

B Low-Cost, High-Speed Data Conversion

OPERATING TEMPERATURE RANGE
Commercial 0°C to 70°C (Still - Air ambient)

ORDERING INFORMATION

VP1058 F CG DPAS (Commercial - Plastic DIL Package, DP28)

VP1058 F CG HPAS (Commercial - Quad Plastic J Lead Package,
HP28)

VP1058 F CG DGAS (Commercial - Ceramic DIL Package, DG28)

ABSOLUTE MAXIMUM RATINGS

Supply voltage +7V
Analog input, AN Vce +0.5
Reference voltage VR, Vrs Vee +0.5
Reference voltage VRr, Vra 2.5V
Digital inputs Vce
Mid-ref input current -50mA to +50mA
Digital output current -20mA to +20mA
Voltage between AGND and DGND -0.5V to +0.5V
Voltage between AVcc and DVce -0.5V to +0.5V
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p,mse[l1  —  2s[nminv
o.[]2 27[] Vo
D5E3 26-VRB
p,[]a 25{] AV,
peND[]s 24| ne
Dvcc[6 23:Am
AGND[}7 22{Ine
AGND[]8 21{] Ay
AGND[]9 20[] ne
v, [0 19{] Av,,
DGNDII;H 18{] v,
nuvlle2 17[] cony
p,[]13 16[] o,LsB
o,[]14 15{] o,
DP28
DG28
28
o
VP1058
HP28
Pin | Function | Pin| Function | Pin | Function |Pin | Function
1 |p,mMsB | 8 [AaaND [ 15]D, 22 [NC
2 |p, o [acnD  [18[D,LsB |23 ]A,
3 |p, 10| DV, 17 |conv |24 [NC
4 |o, 11| DGND | 18|V, 25 [ AV,
5 [ogND [ 12 NUNV [ 1o Ay, 26 |V,
6 |DV, 13] D, 20 [NC 27 [V
7 |aaND | 14] D, 21| Ay 28 | NMINV

Fig.1 Pin Connections (Top View)
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NMINV%

1
NLINV O —OQ AV,
112 1925 e
CONV
O E ] —O DV,
6,10y °°

1
Ver %s

ENCODER $ D LATCH ‘3: >TT'-’°M°S

900
2
—0

OUTPUTS

Fig.2 Internal block diagram

PIN DESCRIPTIONS

Pin No. Function Description
1 D, Most significant bit (output data bit 7)
2-4 D,-D, Output data bits 6 to 4
5 11 DGND Digital ground
6, 10 DV, Digital supply pin (+5V)
7-9 AGND Analog ground
12 NLINV Not Least significant bits INvert - inverts data D to D, when taken low
13-15 D,-D, Output data bits 3to 1
16 D, Least significant bit (output data bit 0)
17 CONV Clock input - the rate of input (CONVert) clock signal determines the ADC sampling rate
18 Ver Top of reference resistor chain
19, 25 AV Analog supply pin
20,22, 24 NC Not connected
21,23 Ay Analog input pin
26 Vie Bottom of reference resistor chain
27 Viu Midpoint of reference resistor - can be used for linearity adjustment
28 NMINV Not Most significant bit INvert - inverts data bit D, when taken low

THERMAL CHARACTERISTICS

Storage Temperature Range -65°C to +150°C

Maximum Junction Operating Temperature +175°C

Lead Temperature (soldering 60 seconds) 300°C
DP HP DG

Junction to Ambient 8jA 55 57 44 °C/W

Junction to Case 6jc 14 15 9 °C/W

RECOMMENDED OPERATING CONDITIONS

Supply Voltage 5V £0.25V
Reference V,; 5V+0.1V
Reference V., 3V+0.1V
AV  to DV . 0V +50mV
Analog Input 4V +1V
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions conditions (unless otherwise stated):

Voo =+5V £0.25V, T, . =25°C
DC CHARACTERISTICS
Characteristic Symbol | Temp |Test level = TValue. ™ Units Conditions
in yp. ax
Power Supply
Supply voltage AV DV, | Ful 4 lazs 5.25 v | AGND/DGND = ov
C C -
Supply current lee Full 4 95 125 165 mA
o 25 1 105 125 150 mA
Power dissipation ) Full 4 500 670 900 mW
25 1 540 | 670 830 mW
Analog Input
Input range Full 4 v v
Input bias current ?‘" Fﬂﬂ 4 60 150 glé‘é A
3dB bandwidth t N 25 4 60 MHz
Input capacitance 98 25 30 F
Reference Ladder é'” 4 P
Ladder resistance R Full 4 50 90 145 Q
Ladder voltage (top) i 25 ! S 100 125 Q
Full 4 5.0 \
Ladder voltage (bottom) 3"7 Fﬁll 4 25 | 30 AV + 01 v } Var> Vee
Ladder offset (top) ve 25 5 ’ 15 mV
Ladder offset (bottom) Ville 25 5 5 mv
Ladder temp. coeff. B0 Full 5 0.33 Qrc
Digital Inputs er v
Logic '1' voltage v Full 4 20 v
Logic '0' voltage VIH Full 4 0.8 v
Logic '1" current I Full 4 350 A |V, =V, = MAX
tog!c -(1), currenz I:: Full 4 75 pA VI - Z%CV V. = MAX
ogic '0' curren Full R A V = 0.4V, V = MAX
Digital Outputs e ¢ 4 150 "
Logic '1" voltage y Eull 4 24 v
e o 25 1 24 v Into a standard
Logic ‘0" voltage Vo, | Ful 4 0.4 v LSTTL load
Static performance % ! 0.4 v
Differential non-linearity DNL Eull 4 +05 LSB
. . 25 4 0.5 LSB
Integral non-linearity INL Full 4 105 LSB
25 4 +0.5 LSB
AC CHARACTERISTICS
Characteristic Symbol | Temp |Test level 5 TVaIue. m Units Conditions
in. yp. ax.
Clock min.high tows Full 4 15 ns
Clock min.low towo Full 4 15 ns
Max. conversion rate fuax Full 4 25 MHz | A, at FS & 12.5MHz
Aperture delay Lo 25 5 3 ns
Output data delay t, 25 4 25 ns
Full 4 30 ns With standard
Output hold time o 25 4 5 ns LSTLL load
Full 4 5 ns
Aperture Jitter 25 5 50 ps
Dynamic Performance fox = 25MHz
Differential non-linearity DNL 25 1 -0.85 | +0.5 +1 LSB
Integral non-linearity INL 25 1 +1 +2 LSB } Ay at FS & 1.019MHz
S/N ratio SNR 25 1 45 dB | A, =1.019MHz
Full 4 445 dB |A, =1.019MHz
25 4 44.0 dB |A, =2.438MHz
Full 4 435 dB | An = 2.438MHz
25 4 435 dB [A, = 4.388MHz
Full 4 43.0 dB |Ay = 4.388MHz
Effective No. of bits ENOB 25 1 7.2 bits | A, = 1.019MHz
4 7.1 bits | A, = 2.438MHz
4 7.0 bits A, = 4.388MHz
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ELECTRICAL CHARACTERISTICS DEFINITIONS

Analog Bandwidth

The analog input frequency, at which the spectral power of
the fundamental frequency as determined by Fast Fourier
Transform analysis, is 3dB down on the:DC level.

Aperture Delay
The delay between the falling edge of the CONV signal
and the instant at which the analog input is sampled.

Aperture Jitter
The variation between successive samples of the aperture
delay.

Conversion Rate .
The maximum rate at which the converter will run.

Differential Non-Linearity (DNL)
The deviation of any code width from an ideal LSB step.

Effective Number of Bits (ENOB) |
This is a measure of the dynamic performance which is
calculated from the following expression.:

ENOB = SNR-1.76
6.02

SNR is the signal-to-noise ratio, in decibels, at the test
frequency.

CONVERSION TIMING

Operation of the VP1058 requires that an external clock be
applied to. the CONV (convert) pin. This CONV signal
synchronises the sampling, conversion, and output stages of
the devices as shown in the timing diagram (Fig.3).

The analog input is sampled when the comparator array is
latched after a rising edge on the CONV pin. This rising edge
also causes the result of the previous sample to be transferred
to the outputs. Data at the outputs is latched at the same time
as the 255 to 8 encoding of the current sample. Both these
operations are performed on the falling edge of the CONV
signal. This results in a ‘pipeline’ delay which means that the

VP1058

Integral Non-Linearity (INL):
" “The deviation of the centre of each code from a reference
line which has been determined by a least squares curve fit.

Output Data Delay
"The delay between the 50% point of the rising edge of the
CONV:-signal and the 50% point of any data output change.

Reference Ladder Offset
The voltage error at the ends of the resistor chain caused
by the lead frame and bond wire. )

Signal-to-Noise Ratio (SNR)

The ratio of the RMS signal amplitude to the RMS value of
‘noise” which is defined as the sum of all other spectral
components including harmonics but excluding DC with a full
scale analog input signal.

Test Levels

Level 1"- 100% production tested

Level 2 - 100% production tested at 25°C and sample
tested at specified temperatures

Level 3 - Sample tested only

‘Level 4 - Parameter is guaranteed by design and
characteristics testing

Level 5 - Parameter is a typical value only

digital result of sample 'N' is available for acquisition by
external circuitry whilst sample 'N+2' is being taken.

The time interval between a rising edge on the CONV pin
and the comparators latching is the aperture delay time (t,,).
This time may be subject to small variations mainly due to
temperature and component matching. The short term
uncertainty in the aperture delay time is specified by the
aperture jitter (or aperture error). Output data becomes valid
after t, (output data delay). Data remains valid for at leastt,
(output hold time) after the rising edge of the CONV pin.

SAMPLE
N N+1

'SAMPLE

l€—— tcyc—>|

SAMPLE SAMPLE
N+2 N+3

/_\_'_/_

N o < tpw1 towo»|  |<tyo
v
DATA DATA VALID N-2 DATA VALID N-1 DATAVALIDN DATA VALID N+1
OUTPUT ov

<€ PIPELINE DELAY >

Fig.3 Timing diagram
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GENERAL CIRCUIT DESCRIPTION

The VP1058 employs a 'flash’ architecture consisting of a
reference resistor chain, an array of 256 comparators,
encoding logic, and a full 8-bit D-type output latch. The 255
reference levels generated by the resistor chain are compared
with the analog input signal by the comparator array. This
produces a thermometer code which the encoding logic
coverts into an 8-bit word. The D-type latch accepts this data
and holds the outputs until the next conversion. The format of
the output data is determined by the NLINV and NMINV
control lines.

Analog Input

The maximum amplitude and offset of the input is defined
by the setting of the two reference voltages V_, and V... A
signal outside this range will cause the output to be either full-
scale positive orfull-scale negative, depending on whetherthe
signal is off scale in the positive or negative direction.

For optimum performance, the input signal should be
biased at +4.0V with a 2V peak-to-peak amplitude. The
necessary gain, offset and low impedance drive required for
the input signal can be provided by use of a high slew rate ADC
driver.

Reference Voltage

The reference chain between pins Vg and V., is formed of
256 series resistors and has a total resistance of
approximately 90Q. A mid-reference pin, V,,,, is provided for
precise setting of the integral linearity, although adjustment is
not necessary to meet the data sheet specification.

The VP1058 will convert analog signals inthe range V_, <
A, <VgwhereV and V_ areintherange +3V1to +5V. (The
design of the VP1058 has been optimised for VRB = 3V and
VRT = 5V). All reference pins should be adequately
decoupled close to the device.

Output Format

The output data format is controlled by the logic levels at
the NLINV and NMINV pins as shown on the output coding
table. These inputs are active low and may be tied to DV, for
logic *1* or DGND for logic '0". Both inputs are considered DC
controls and as such should only be altered while the
converter is in the steady state.

VRT

Fig.4 Analog input

DVce

OUTPUT

DGND

Fig.5 TTL output stage

Binary

Offset 2s' complement

Code

Input voltage

True

Inverted

True

Inverted

20.V Full Scale
7.8431mV Step

2.048V Full Scale|
8.0mV Step

NMINV = 1
NLINV = 1

0
0

0
1

1
0

000

5.0V

5.0V

0000 0000

1111 1111

1000 0000

0111 1111

001

4.9922V

4.9922V

0000 0001

11111110

1000 0001

0111 1110

127

4.0039V

3.9840V

0111 1111

1000 0000

1111111

0000 0000

128

3.9961V

3.9760V

1000 0000

0111 1111

0000 0000

1111 1111

129

3.9882V

3.9680V

1000 0001

01111110

0000 0001

11111110

254

3.0079V

2.9680V

1111 1110

0000 0001

01111110

1000 0001

255

3.0V

2.960V

1111 1111

0000 0000

0111 1111

1000 0000
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APPLICATION NOTES

As with all high speed analog-to-digital converters, careful
consideration must be given to circuit layout. The best
performance from the VP1058 can be achieved by use of
separate analog and digital ground planes. Ideally these
should be connected at a point close to the device. This will
reduce the amount of digital switching noise fed back into the
analog section ofthe converter, so aiding device performance.

Supply line decoupling is important when dealing with
mixed analog and digital signals, as they can provide a
feedback path from the digital output currents. Therefore, the
VP 1058 should be decoupled close to the device supply pins
with good quality high frequency, low inductance capacitors.
Due to the high clock rates, long clock lines to the device
should be avoided to reduce noise pick up.

VP1058

A typical applications circuit is shown below. The analog
input amplifier should be a wideband, high slew rate op-amp
used to drive the input directly. A stable reference is needed
for both input offset and gain control (e.g. REF12Z micropower
voltage reference as shown in Fig.6). Both analog input pins
should be connected close to the device with the input
amplifiers feedback loop closed at the point. The reference
inputs should be adequately decoupled to ground so as to limit
the effects of system noise on conversion accuracy. A
capacitor at the mid-reference point (as shown) may be useful
in correcting any inherent reference ladder skew.

The circuit will accept a 1V p-p video signal and level shift
and multiply it to provide the recommended 2V p-p signal to
drive the VP1058.

+5V
+12v AVee
3.3k 0.1y
1k l I
1N4148
DB7 [+
DB6 2——>
= =ar e
0.1y - 1 DB4 [
— VP1058 g, —
23k DB2 f—>
= Vrs 14
0.1 26
l. g pB1 15—>
- DBO >
Vv, 16
| 27 RM
3k +5V
I NMINV [
REFGAIN —_— LNINV f75—>
1K ADB42 OR SIMILAR = Aw
Vier + Vour — _ A
| S 23 N
7
REF12Z /7] -
(1.22v 2k ]1 "
REFERENCE) I -
INPUT —
(Vanm) 1k K Vo -
2%
OFFSET
0.1y

CLOCK

Fig.6 Typical applications circuit
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GEC PLESSEY
. ADVANCE INFORMATION

D.S.31822.2
30MHz 8-BIT ANALOG VIDEO INPUT INTERFACE
(Supersedes edition in December 1993 Digital Video & Digital Signal Processing Handbook)
The VP8708 is an analog input interface designed for video
signal conditioning and digitisation.
Operating from a single +5V supply, the VP8708 includes o7 |1 28FD  RPEAK
an input multiplexer, video amplifier with clamp and gain pe |2 27fm  GATEA
control, an onboard reference and a buffered 8-bit ADC D5 |3 26fm  GATEB
capable of digitising signals upto the Nyquist limit. D4 |4 25fm  AGC
Video signals may be supplied to the VP8708 either directly CLK |5 24fm  CLAMP
to the ADC, or via one of three multiplexed inputs for signal DVec |6 23fm AGND
conditioning. The analog signal (with appropriate gain and OVee |7 22km  Avee
clamping) is available as output prior to digitisation. The coded pGND il 8 vps7os  21Fm DEC
data, updated at the sample rate, is available in either binary oF m|9 20Fm ADCIN
ortwo’s complement format via the 3—state TTL output buffers. p3 |10 19Fm ANOUT
D2 cq " 18 VIN2
FEATURES o1 |2 b viNt
B Direct replacement for the PhilipsTDA8708F po |13 16fm VINO
B 30MHz Sampling rate o o1 15k i
B Selectable data format: DP28 MP28
W Internal ADG reference Fig. 1 Pin connections — top view
B Clamp and AGC functions 4 P
B 3-state TTL outputs
FGEC Plessey also offer direct replacements for Philips
TDA8B708A (GPS part no VP87A8)
TDAB709A (GPS part no VP87A9) ABSOLUTE MAXIMUM RATINGS
Supply voltages, AVcc, DVgg, OVee +7V
ORDERING INFORMATION Supply differential +1V
VP8708G CG DPAS (Commercial — Plastic DIL) Ground differential 1V
VP8708G CG MPES (Commercial — Miniature Plastic DIL) Video input voltage AVeg
. Qutput current 10mA
ANOUT ADCIN CLK DEC ovcc
—————— —_——————— —O———— —_————
|
DRIVER I———+ OF
AMP
|
—0 D7
_+ D6
CONTROL
COMPARATORS q | D5
3 STATE
i ADC OUTPUTS D4

CLAMP

' N
|
I CONTROL coﬁgrgm 4 -
D2

} | [ l i’
RpEAK}’____ MODELSOE(_I;I.IECCTION q | |
|
L ————— —L——l ————— o-——-0———0-——0—————————— 4

GATEA GATEB AGND  AvCcC DVCC_ DGND

Fig. 2 System block diagram
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RECOMMENDED OPERATING CONDITIONS

VP8708
THERMAL CHARACTERISTICS

Supply voltage AV¢c, DVgc, OVeo +5V Storage temperature range —65°C to 150°C
Supply differential ov Lead temperature (soldering 11 seconds) +265°C
Ground differential ov THERMAL RESISTANCES, DP PACKAGE
Video input voltage 1Vp-p Junction to ambient (6j) 55°C/W
Junction to case (8jc) 14°C/W
THERMAL RESISTANCES, MP PACKAGE
OPERATING TEMPERATURE RANGE Junction to ambient (6,) 84°C/W
Commercial 0°C to +70°C (still air ambient) Junction to case (6jc) 32°C/W
ELECTRICAL CHARACTERISTICS:
Test conditions (unless otherwise stated): AV, DVgg, OVeo=5V+0.5V, AGND/DGND shorted together,
Temp=Ty, =0 to + 70°C.
Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
POWER SUPPLY
Analog supply voltage AVce 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 5.5 \
Digital supply voltage DVge 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 5.5 Vv
Output supply voltage OVce 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 55 \
Analog supply current Alcc 25 1 60 mA
FULL 4 72 mA
Digital supply current Dlcc 25 1 13 mA
FULL 4 19 mA
Output supply current Olcc 25 1 12 mA
FULL 4 18 mA
Power dissipation P 25 1 425 mW
FULL 4 600 mwW
VIDEO INPUTS
Input range Vin FULL 4 0.5 1.0 1.6 Vv
(p-p) :
Input impedance 1Z\Nl FULL 4 18 20 22 kQ fin=6MHZ
Input capacitance Cin 25 2 pF fin=6MHZ
11, 10 GATE B,TTL
INPUTS + GATE A
Input voltage LOW Vi 25 1 0.8 \
FULL 4 0.8 \
Input current HIGH Vin 25 1 2.0 Vv
FULL 4 2.0 \
Input current LOW li 25 1 -150 pA V=0.4V
FULL 4 —200 HA Vi=0.4V
Input current HIGH lin 25 1 10 [I. V;=3.6V
FULL 4 20 pA Vi=3.6V
RPEAK input
Peak capacitor lpEAK FULL 4 80 nA Rpeak = 02
charge/discharge
current

121



VP8708

ELECTRICAL CHARACTERISTICS:
Test conditions (unless otherwise stated): AV¢g, DVg, OVoo=5V10.5V, AGND/DGND shorted together,
Temp=Ty, =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
AGC Control Input
AGC voltage for Vage 25 4 2.7 v
minimum gain
AGC voltage for Vage 25 4 3.9 v
maximum gain
AGC output current lage 25 1 * * See table 4
CLAMP Control Input
Clamp voltage Vep 25 4 3.5 \ ADC output =128
Clamp output current leip 25 1 * * See table 4
VIDEO Amplifier
Outputs
Internal current source l1g 25 2 mA
DC Output voltage for Vbik FULL AVee- \"
black level 3.25
AC Output voltage Vig FULL 4 1 \
(peak-peak)
Output impedance Zig 25 4 45 Q
CLK INPUT
Input voltage LOW Vi 25 1 0.8 \
FULL 4 0.8 \
Input voltage HIGH Vi 25 1 2.0 \
FULL 4 2.0 v
Input current LOW ly 25 1 -150 nA V;=0.4V
FULL 4 -200 pA Vi=0.4V
Input current HIGH lin 25 1 10 uA Vi= 3.6V
FULL 4 20 pA = 3.6V
Input impedance 1Z)N! 25 4 3.5 kQ
Input capacitance Colk 25 4 5 pF
Maximum frequency fmax FULL 4 30 MHz
OF INPUT
(3-state control)
Input voltage LOW Vi 25 1 0.8 \
FULL 4 0.8 \
Input voltage HIGH Vin 25 1 2.0 \
FULL 4 2.0 Vv
Input voltage 3-STATE V, 25 1.4 \"
Input current LOW ly 25 1 =175 uA V;=0.4V
FULL 4 -200 nA V;=0.4V
Input current HIGH lin 25 1 500 A V;=3.6V
FULL 4 700 pA Vi=3.6V
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ELECTRICAL CHARACTERISTICS:
Test conditions (unless otherwise stated): AV¢c, DVc, OVee=5V+0.5V, AGND/DGND shorted together,
Temp=Ty, =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions

(°C) level Min Typ Max

ADCIN INPUT

Input voltage Vade FULL 4 A}/(_}c— \" For Code 0

.75
Input voltage Vade FULL 4 A¥c2:c- A" For Code 255
.25

Input voltage Voo FULL 4 0.5 v

amplitude ?p—p)

Input current lage 25 1 1 pA

Input impedance Zadc 25 1 14 MQ

Input capacitance Cadc 25 4 5 pF

DIGITAL OUTPUTS

Output voltage LOW Vol 25 4 0.4 \ lol=2mA
FULL 4 0.4 \ lol= 2MA

Output voltage HIGH Voh 25 1 2.4 \ loh=-0.4mA
FULL 4 24 \" loh=—0.4mA

3-STATE Output loz 25 4 2 pA

current

ADC PERFORMANCE

Static differential non — DNL 25 1 +0.5 Isb

linearity FULL 4 +0.5 Isb

Static integral non — INL 25 1 +1 Isb

linearity FULL 4 +1 Isb

Dynamic integral non — INL 25 1 +2 Isb

linearity FULL 4 +2 Isb

VIDEO AMPLIFIER

DYNAMIC

PERFORMANCE

—3dB Bandwidth fadB 25 4 20 MHz

Differential gain Gy 25 4 2 %

Differential phase Qd 25 4 2 degrees

Gain range AG 25 4 -3 7 dB

Crosstalk between 25 4 -60 dB

VIN inputs

Signal-to—noise ratio SNR 25 4 55 dB

ANALOG SIGNAL* *foi = 30MHz

PROCESSING

—3dB Bandwidth f3dB . 25 1 15 MHz

Differential gain Gy 25 4 2 %

Differential phase Qd 25 4 2 degrees

Total harmonic THD 25 4 -55 dB

distortion

Supply voltage ripple SVRR 25 . 4 5 %IV

rejection
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ELECTRICAL CHARACTERISTICS:

Test conditions (unless otherwise stated): AVgg, DVic, OVeoe=5V40.5V, AGND/DGND shorted together,

Temp=Ty, =0 to + 70°C.

Value
Parameter Symboi | Temp Test Units Conditions
(°C) level Min Typ Max

TIMING* * fok=30MHz
C1=15pF
lg=2mA

Sampling delay tas FULL 4 3 ns

Output hold time tho FULL 4 5 ns

Output delay time tq FULL 4 20 ns

3 State delay time for tez FULL 4 25 ns

enble

3 State delay time for taz FULL 4 25 ns

disable

ELECTRICAL CHARACTERISTIC DEFINITIONS
Analog -3dB Bandwidth ADC

The analog input frequency at which the spectral power of
the fundamental frequency, as determined by Fast Fourier
Transform analysis, is 3dB down on the DC level.

Differential Non—Linearity (DNL)
The deviation of any code width from an ideal 1LSB step
size.

Integral Non-Linearity (INL)
The deviation of the centre of each code from a reference
line which has been determined by a least-square curve—it.

Differential Gain (G4) and Phase (Qg)

The difference in gain/phase at the ADC output when a
17.5 IRE units peak to peak, 3.58MHz input signal is
superimposed on a dc level at 1/16 and 15/16 full scale input.

Supply Voltage Rejection Ratio (SVRR)
The variation in the amplitude of the given signal when the
supply voltage is changed by 1V.

GENERAL CIRCUIT DESCRIPTION

The VP8708 is an analog video input interface capable of
digitising signals at sample rates upto 30MHz.

The multiplexer uses the logic conditions on the selection
pins (10, I1) to select one of upto three signals applied to the
video inputs (VINO, VIN1, VIN2). This signal is then clamped
to the required dc level by the action of the clamp control logic.
The output of the multiplexer passes through the AGC
amplifier, where the gain of the signal is adjusted such that
after going through the driver amplifier, the signal fills the
desired portion of the ADC range. This input to the ADC also
drives three reference comparators which supply the signals
necessary to control the clamp and AGC circuitry.

Two modes of operation are available; these being
determined by the relative occurrences, during the sync and
rear porch periods, of logic pulses at the GATE A and GATE
B inputs.

Mode 1 (see Fig. 3) is employed initially to allow the device
to reach its optimum operation point. The gain and dc level of
the signal are roughly adjusted to set the sync level to ADC
code 0 and the peak level to ADC code 255. This allows rapid
recovery of the video synchronisation pulses.

Ifthe GATE A and GATE B pulses become distinct (see Fig.
4) then the VP8708 will switch into mode 2. In this
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Signal-to—-Noise Ratio

The ratio of the RMS signal amplitude to the RMS value of
"noise” which is defined as the sum of all other spectral
components including harmonics, but excluding DC with a
full-scale analog input signal.

Total Harmonic Distortion (THD)

The RMS addition of all peaks in a Fast Fourier Transform
measurement, which occur at integer multiples of the
fundamental frequency of the input signal.

Test Levels

Level 1 100% production tested

Level 2 100% production tested at 25°C and
sample tested at specified temperatures

Level 3 Sample tested only

Level 4 Parameter is guaranteed by design and
characteristics testing

Level 5 Parameter is a typical value only

configuration a more sophisticated control scheme is used in
order to produce a ‘fixed'digitised output from the device:
Whilst the GATE A pulse (which must be within the sync
period) is high, the sync level is adjusted to code 0,.Similarly,
the black level is adjusted to code 64 if the GATE B pulse
occurs during the rear porch periods. Peak level control is
always active such that maximum digital output will tend to lie
below code 240. Nominal input signals, 1Vp—p, should have
a peak output level equal to code 213.

For the device to operate, two external capacitors must be
connected to the AGC and CLAMP pins. An optional external
resistor may be attached to the RPEAK input to alter the
maximum charge/discharge current into these capacitors.
This varies the loop response time.

The format of the output data, updated at the sample rate,
is determined by the logic level on the OF pin. The OF pin may
also be used to force the outputs to a high impedance state.

The DEC (‘decouple’) pin is not connected on the VP8708.
On similar devices (e.g. TDA8708) an external capacitor may
be attached to this pin to stabilise the ADC reference voltage.
The VP8708 has an internally stable reference and thus
requires one less external component.
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255 ) . -
DIGITAL VC AMPLITUDE CONTROL
OUTPUT
YNC LEVEL CLAMP CONTROL
0 /s
TIME
GATE A _—l___‘
GATE B —-———I-_——L
MODE 1 ———I
Fig. 3 Control mode 1
NOMINAL PICTURE LEVEL
240 . — - —— - — e e —— -
213 PEAK LEVEL GAIN CONTROL
BLACK LEVEL
DIGITAL
e \ CLAMPING
LEVEL
SYNC LEVEL CLAMP CONTROL
0
TIME
GATE A
GATE B I L
MODE 2 J
Fig. 4 Control mode 2
VIDEO INPUTS
Each of the three video inputs may be selected with the OF DO TO D7
selection pins 10 and 11. Table 2 shows the action of these pins. -
0 Active, two's complement
n 10 SELECTED INPUTS Open Active, binary
0 0 VINO 1 High impedance
0 1 VIN1 Table 3 Output format control
1 0 VIN2
1 1 VIN2 ANOUT AND ADCIN

Table 2 Video input selection

OUTPUT FORMAT (OF PIN)

The format of the output data is selectable via the OF pin
as shown in Table 3. To improve noise immunity, a small
(10nF) capacitor may be connected between this pin and
ground if binary operation is required.

The analog output (ANOUT) and ADC input (ADCIN) pins
should have an external anti-aliasing filter connected betwen
them. Care must be taken to ensure that the filter input
impedance and filter output levels are in accordance with the
specifications.

As an evaluatuion tool, two 1.5kQ resistors may be used to
form a potential divider between ANOUT and AVgg. The
centre tap of this divider can then be used to connect the signal
to ADCIN. It should be noted however, that dynamic device
performance will not be maximum. 1 2 5
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TIMING INFORMATION

Fig. 5 depicts the system relationship between sampling
edge offset and output data.

The analog input signal is sampled tys seconds after the
rising edge of the clock signal. Old data will remain valid for at

least t,,, and new data will become valid after at most tq. Data
may be latched on either the falling or rising edges of the clock
signal.

/7 N\

ADCIN

th
DATA Y
OUTPUTS X

clk  __\_ T A\ —\ 1.5V
INPUT
>2.4V
X DATA )( DATA X DATA
N N+1 N+2 <0.4V

sample N +2

Fig. 5 System timing

AGC AND CLAMP CONTOL

In both mode 1 and 2, AGC and clamp control is achieved
by the charging and discharging of two external capacitors
attached to the AGC and CLAMP pins. Suggested values for
these capacitors are Cag=220nF and Cjp=18nF.

For correct device operation, the relative occurrences of
the control pulses at the GATE A and GATE B pins must be as
given below:

MODE 1 — GATE A and GATE B must overlap, GATE B
being delayed with respect to GATE A. This will ensure that the

signal fills the complete ADC range and thus allows quick
recovery of the video sync pulses.

MODE 2-GATE A must occur wholly within the sync period
GATE B must occur wholly within the rear porch. This will tend
to hold the output signal amplitude below code 240, the black
level at code 64, and the sync tip at code 0.

Table 4 shows the control action of the device with
reference to the logic states of the GATE A and GATE Binputs.

GATEA | GATEB MODE DIGITAL OUTPUT CODE lage leLp
1 T Device will enter mode 1
1 Output >255 —Ipeak +5pA
1 Output <255 +5pA -
1 Output >0 - +5pA
1 Output <0 +5pA —lpeak
i) 0 This control sequence will K
{ 0 switch the device
0 T into mode 2.
0 1 2 Output >240 —lpeak +50pA
0 1 2 Output >64 - +50pA
0 1 2 Output <64 - —50nA
0 0 2 Output>240 —lpeak -
1 0 2 Output >240 ~lpeak -
1 0 2 Output >0 —5pA -
1 0 2 Output <0 +5pA -

Table 4: Mode 1/Mode 2 control
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PIN NAME DESCRIPTION PIN NAME DESCRIPTION
1 D7 Data Output Bit 7 (MSB) 15 il Input Selection Bit 1
2 Dé Data Output Bit 6 16 VINO Video Input 0
3 D5 Data Output Bit 5 17 VIN1 Video Input 1
4 D4 Data Output Bit 4 18 VIN2 Video Input 2
5 CLK Clock Input 19 ANOUT | Analog Output
6 DVcc | Digital Supply Voltage 20 ADCIN | ADC Input
7 OVgc | Output Buffer Supply Voltage 21 DEC Not Connected — VP8708 is inter-
8 DGND | Digital Ground nally stable
9 OF | Output Format/Chip Enable 22 AVeg | Analog Supply Voltage
10 D3 Data Output Bit 3 23 AGND | Analog Ground
11 D2 Data Output Bit 2 24 CLAMP | Clamp Capacitor
12 D1 |Data Output Bit 1 25 AGC | AGC Capacitor
13 Do Data Output Bit 0 (LSB) 26 GATE B | Black Level Control Pulse
14 10 Input Selection Bit 0 27 GATE A | Sync Level Control Pulse
28 RPEAK | Peak Current Resistor
PCB CONSTRUCTION

As with all high speed analog to digital converters, careful
consideration must be given to the PCB layout.

In general, the best results will be obtained by tying all
grounds to a ‘solid’ low impedance ground plane. Separate
analog and digital ground planes will also help. Device
connections to the ground plane should be as short as
possible.

Supply decoupling is important when dealing with mixed
analog and digital signals, it can provide a feedback path for

the digital output currents. The VP8708 should therefore be
decoupled as close to the supply pins as possible. Good
quality, high frequency, low inductance capacitors. Isolation
may be further improved by adding series inductors to the
supplies.

Jitter and noise on the clock pin and its reference to ground
must be minimised. Long clock lines should be avoided and all
lines correctly terminated.

A typical application circuit is shown below.

-

2
DATA OUTPUTS 3
33pF _E} 4

100Q T
CLOCK o—(—1 5
DVce o 6
OVee o 7

mnF'EJ’:rmF 10nF .EI;T WF g
O/P FORMAT / 9

VP8708

330Q
28
HORIZONTAL
27 0 SYNC
26 O HORIZONTAL
CLAMP
25— 220nF

241+ 18nF  10nF

3 — 1me

22

1.5kQ 1uH
21 '—“ O AVce
20 B Lgsvg

P,

19 e K2 |FLTER
18 4 7uF1| o
17 | ATuF |- 0 } VIDEOIP
16 47p,FJ|= °

CHIP ENABLE
;I,; 10pF —_]10
_n
DATA OUTPUTS 12
13
14
VIDEO IP
SELECT

]

Fig. 6 Typical application circuit
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GEC PLESSEY

PRELIMINARY INFORMATION

[ B SEMICONDUCTORS

D.S. 3906 1.3
32MHz 8-BIT ANALOG VIDEO INPUT INTERFACE
The VP87A8 is an analog input interface dessigned for
video signal conditioning and digitisation.
Operating from a single +5V supply, the VP87A8 includes D7 |1 28fm  RPEAK
an input multiplexer, Video amplifier with clamp and gain D |2 27p0  GATEA
control, an on board reference and a buffered 8-bit ADC D5 |3 26fm GATEB
capable of digitising signals upto the Nyquist limit. D4 |4 25fm  AGC
Video signals may be supplied to the VP87A8 either CLK |5 24fm  cLAmP
directly to the ADC, or via one of three multimplexed inputs for DVec |6 23D AGND
signal conditioning. The conditioned analog signal (with OVee |7 22k0 Avee
appropriate gain and clamping) is available as output prior to DGND }|8 veps7as 21D DEC
digitisation. The coded data, updated at the sample rate, is ofF |9 20m  ADCIN
available in either binary or two’s complement format via the p3 |10 19 ANOUT
3-state TTL output buffers. p2 j|n 18fm VIN2
D1 |12 17fm VIN1
FEATURES Do 13 16fm  VINO
H Direct replacement for TDA8708AT 1o “ L S
B 32MHz sample rate DP28 MP28
B Selectable data format - - - -
Fig. 1 Pin connections — top view
M Internal ADC reference v P
B Clamp and AGC functions
B 3-state TTL outputs
TGEC Plessey also offer direct replacements for Philips
TDAB8708 (GPS part no VP8708) ABSOLUTE MAXIMUM RATINGS
TDAB709A (GPS part no VP87A9) Supply voltages; (AVcc, DVge, OVeg) +7V
Supply differential +1v
ORDERING INFORMATION Ground differential +1V
VP87A8B CG DPAS (Commercial — Plastic DIL) Video input voltage AVce
VP87A8B CG MPES (Commercial — Miniature Plastic) Output current 10mA
ANOUT ADCIN CLK DEC ovcce
______ —_—_————— —O— — —_——

CONTROL

COMPARATOR\
|
| CLAMP AGC
| CONTROL CONTROL
| |—
| | |
i ' '
RPEAKT—. MODELSOEGLI%CTION

ADC

3 STATE
OUTPUTS

S U I

GATEA GATEB AGND

o O J
pvce

Fig. 2 System block diagram
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RECOMMENED OPERATING CONDITIONS

VP87A8

THERMAL CHARACTERISTICS

Supply voltages; AVCC, DVCC, OVCC +5V Storage temperature range -65°C to +150°C
Supply differential ov Lead temperature (soldering 11 seconds) +265°C
Ground differential ov THERMAL RESISTANCE, MP PACKAGE
Video input voltage 1Vp-p Junction to ambient (©j,) 84°C/W
OPERATING TEMPERATURE RANGE Junction to case (8)c) 32°CW
. A o i ) THERMAL RESISTANCE ,DP PACKAGE
Commercial 0°C to +70°C (still-air ambient) Junction to ambient (6}2) 55°C/W
Junction to case (©jc) 14°C/W
ELECTRICAL CHARACTERISTICS:
Test conditions (unless otherwise stated): AVgg, DVee, OVec=5V4-0.5V, AGND/DGND shorted together,
Temp=Tyy. =0 to + 70°C.
Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
POWER SUPPLY
Analog supply voltage AVce 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 5.5 \'
Digital supply voltage DVce 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 5.5 v
Output supply voltage OVce 25 1 4.5 5.0 5.5 Vv
FULL 4 4.5 5.0 5.5 \"
Analog supply current Alcc 25 1 60 mA AVcc=5.0V
FULL 4 70 mA | AVge=5.5V
Digital supply current Dlcc 25 1 13 mA DVcc=5.0V
FULL 4 17 mA | DV¢c5.5V
Output supply current Ol 25 1 12 mA OVee=s.0v
P i ce FULL 4 16 mA cc=5.5V
Power dissipation P 1 425 mW | Vge=5.0V
4 570 mwW Vce=5.5V
VIDEO INPUTS
Input range Vin FULL 4 0.5 1.0 1.6 \"
(p-p)
Input impedance 1Zn! 25 1 18 20 22 kQ fin=6MHZ
Input capacitance Cin 25 5 2 pF fin=6MHZ
11,10 GATE A,
GATE B TTL INPUTS
Input voltage LOW \ 25 1 0.8 \
FULL 4 0.8 \'
Input current HIGH Vin 25 1 2.0 \
FULL 4 2.0 \'
Input current LOW ly 25 1 -150 A Vi=0.4V
FULL 4 —200 A V;=0.4V
Input current HIGH lin 25 1 10 pA V;=3.6V
FULL 4 20 A Vi=3.6V
RPEAK INPUT
Peak capacitor IpEAK FULL 4 80 150 nA Rpeak = 0Q
charge/discharge
current
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ELECTRICAL CHARACTERISTICS: (cont.)
Test conditions (unless otherwise stated): AV¢c, DV, OVoc=5V10.5V, AGND/DGND shorted together,
Temp=Ty, =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
AGC CONTROL INPUT
AGC voltage for Vage 25 4 2.7 \
minimum gain
AGC voltage for Vage 25 4 3.9 \"
maximum gain
AGC output current lage 25 1 * * See table 4
CLAMP CONTROL
INPUT
Clamp voltage Vep 25 1 3.5 v ADC output =128
Clamp output current leip 25 1 * * See table 4
VIDEO AMPLIFIER
OUTPUTS
Internal current source l19 25 4 2 mA
DC Output voltage for Vbik FULL 4 AVge— Y
black level 2.24
AC Output voltage Vig FULL 4 1.33 \"
(peak—peak)
Output impedance Z4g 25 4 45 Q
CLKINPUT
Input voltage LOW Vi 25 1 0.8 \
FULL 4 0.8 \"
Input voltage HIGH Vih 25 1 2.0 \
FULL 4 2.0 \
Input current LOW li 25 1 -150 nA V= 0.4V
FULL 4 —200 nA Vi=0.4V
Input current HIGH lin 25 1 10 A Vi= 3.6V
FULL 4 20 pA Vi= 3.6V
Input impedance 1ZN| 25 3.5 kQ
Input capacitance Ceik 25 5 pF
Maximum frequency fmax FULL 4 30 32 MHz
OF INPUT
(3—-STATE control)
Input voltage LOW Vi 25 1 0.8 \
FULL 4 0.8 Vv
Input voltage HIGH Vin 25 1 2.0 \
FULL 4 2.0 Vv
input voitage 3—-STATE V, 25 i 1.4 \
Input current LOW ly 25 1 -175 nA Vi=0.4V
FULL 4 -200 pA | Vi=0.4V
Input current HIGH lin 25 1 500 uA Vi=3.6V
FULL 4 700 nA Vi=3.6V
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ELECTRICAL CHARACTERISTICS: (cont.)

VP87A8

Test conditions (unless otherwise stated): AVgg, DVge, OVoc=5V1-0.5V, AGND/DGND shorted together,

Temp=Ty. =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max

ADCIN INPUT

Input voltage Vade FULL 4 AVeo— \ For Code 0
2.41

Input voltage Vade FULL 4 AVee— \" For Code 255
1,41

Input voltage Voo FULL 4 1.0 \"

amplitude ?p—p)

Input current lade 25 1 1 A

Input impedance Zage 25 1 14 MQ

Input capacitance Cade 25 4 5 pF

DIGITAL OUTPUTS

Output voltage LOW Vol 25 1 0.4 \ loi=2mA

FULL 4 0.4 v loi=2mA
Output voltage HIGH Voh 25 1 2.4 \ loh=—0.4mA
FULL 4 24 \" loh=—0.4mA

3-STATE Output loz 25 1 2 A

current

ADC PERFORMANCE

Static differential non — DNL 25 1 0.5 Isb

linearity FULL 4 +0.5 Isb

Static integral non — INL 25 1 +1 Isb

linearity FULL 4 +1 Isb

Dynamic integral non — INL 25 1 +2 Isb

linearity FULL 4 +2 Isb

VIDEO AMPLIFIER

DYNAMIC

PERFORMANCE

—3dB Bandwidth f3dB 25 4 20 MHz

Differential gain Gy 25 4 %

Differential phase @4 25 4 degrees

Gain range AG 25 4 -3 7 dB

Crosstalk between 25 4 -60 dB

VIN inputs

Signal-to-noise ratio SNR 25 4 55 dB

Supply voltage ripple SVRR 25 4 0.5 %IV

rejection

ANALOG SIGNAL *feik = 30MHz

PROCESSING

-3dB Bandwidth f3dB 25 4 15 MHz

Differential gain Gy 25 4 2 %

Differential phase Qd 25 4 2 degrees

Total harmonic THD 25 4 -55 dB

distortion

Supply voltage ripple SVRR 25 4 5 %IV

rejection
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ELECTRICAL CHARACTERISTICS: (cont.)

Test conditions (unless otherwise stated): AVcg, DVog, OVee=5V10.5V, AGND/DGND shorted together,

Temp=Ty. =0 to + 70°C.

Value
Parameter Symboi | Temp Test Units Conditions
(°C) level Min Typ Max
TIMING (note 2)
Sampling delay tas FULL 4 3 ns
Output hold time tho FULL 4 5 ns
Output delay time tq FULL 4 20 ns
3 State delay time for tez FULL 4 25 ns
enble
3 State delay time for tdz FULL 4 25 ns
disable

ELECTRICAL CHARACTERISTIC DEFINITIONS
Analog -3dB Bandwidth ADC

The analog input frequency at which the spectral power of
the fundamental frequency, as determined by Fast Fourier
Transform analysis, is 3dB down on the DC level.

Differential Non—Linearity (DNL)
The deviation of any code width from an ideal 1LSB step
size.

Integral Non-Linearity (INL)
The deviation of the centre of each code from a reference
line which has been determined by a least-square curvefit.

Differential Gain (Gg) and Phase (Qq)

The difference in gain/phase at the ADC output when a
17.5 IRE units peak to peak, 3.58MHz input signal is
superimposed on a dc level at 1/16 and 15/16 full scale input.

Supply Voltage Rejection Ratio (SVRR)
The variation in the amplitude of the given signal when the
supply voltage is changed by 1V.

GENERAL CIRCUIT DESCRIPTION

The VP87A8 is an analog video input interface capable of
digitising signals at sample rates upto 32MHz.

The multiplexer uses the logic conditions on the selection
pins (10, I1) to select one of upto three signals applied to the
video inputs (VINO, VIN1, VIN2). The output of the multiplexer
passes through the AGC amplifier, where the gain of the sigal
is adjusted and the signal clamped to the required DC level
such that after going through the driver amplifier, the signal fills
the desired portion of the ADC range. This input to the ADC
also drives three reference comparators which supply the
signals necessary to control the clamp and AGC circuitry.

Two modes of operation are available; these being
determined by the relative occurrences, during the sync and
rear porch periods, of logic pulses at the GATE A and GATE
B inputs.

Mode 1 (see Fig. 3) is employed initially to allow the device
to reach its optimum operation point. The gain and DC level of
the signal are roughly adjusted to set the sync level to ADC
code 0 and the peak level to ADC code 255. This allows rapid
recovery of the video synchronisation pulses.

Ifthe GATE A and GATE B pulses become distinct (see Fig.
4) then the VP87A8 will switch into mode 2. In this

132

Signal-to—Noise Ratio

The ratio of the RMS signal amplitude to the RMS value of
"noise” which is defined as the sum of all other spectral
components including harmonics, but excluding dc with a
full-scale analog input signal.

Total Harmonic Distortion (THD)

The RMS addition of all peaks in a Fast Fourier Transform
measurement, which occur at integer multiples of the
fundamental frequency of the input signal.

Test Levels

Level 1 100% production tested

Level 2 100% production tested at 25°C and
sample tested at specified temperatures

Level 3 Sample tested only

Level 4 Parameter is guaranteed by design and
characteristics testing

Level 5 Parameter is a typical value only

configuration a more sophisticated control scheme is used in
order to produce a ‘fixed’ digitised output from the device:
Whilst the GATE A pulse (which must be within the sync
period) is high, the sync level is adjusted to code 0.Similarly,
the black level is adjusted to code 64 if the GATE B pulse
occurs during the rear porch periods. Peak level control is
always active such that maximum digital output will tend to lie
below code 248. Nominal input signals, 1Vp—p, should have
a peak output level equal to code 213.

For the device to operate, two external capacitors must be
connected to the AGC and CLAMP pins. An optional external
resistor may be attached to the RPEAK input to alter the
maximum charge/discharge current into these capacitors.
This varies the loop response time.

The format of the output data, updated at the sample rate,
is determined by the logic level on the OF pin. The OF pin may
also be used to force the outputs to a high impedance state.

The DEC (‘decouple’) pin is not connected on the VP87A8.
On similar devices (e.g. TDA8708A) an external capacitor
may be attached to this pin to stabilise the ADC reference
voltage. The VP87A8 has an internally stable reference and
thus requires one less external component.
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255 ______f_____
DIGITAL AGC AMPLITUDE CONTROL
OUTPUT
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_SYNC LEVEL CLAMP CONTROL
0l L |
TIME
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MODE 1 ——-————J
Fig. 3 Control mode 1
NOMINAL PICTURE LEVEL
248 L
. PEAK LEVEL GAIN CONTROL
BLACK LEVEL
DIGITAL
DAL \ CLAMPING
SYNC LEVEL CLAMP CONTROL
0
TIME
GATE A | l
GATE B | |
MODE 2 l

Fig. 4 Control mode 2

VIDEO INPUTS
Each of the three video inputs may be selected with the
selection pins 10 and |1. Table 2 shows the action of these pins.

}] 10 SELECTED INPUTS
0 0 VINO
0 1 VIN1
1 0 VIN2
1 1 VIN2
Table 2 Video input selection
OUTPUT FORMAT (OF PIN)

The format of the output data is selectable via the OF pin
as shown in Table 3. To improve noise immunity, a small
(10nF) capacitor may be connected between this pin and
ground if binary operation is required.

OF DO TO D7
0 Active, two’s complement
Open Active, binary
1 High impedance

Table 3 Output format control

ANOUT AND ADCIN

The analog output (ANOUT) and ADC input (ADCIN) pins
should have an external anti-aliasing filter connected betwen
them. Care must be taken to ensure that the filter input
impedance and filter output levels are in accordance with the
specifications.

As an evaluatuion tool, two resistors (680Q and 2200L)
may be used to form a potential divider between ANOUT and
AVce. The centre tap of this divider can then be used to
connect the signal to ADCIN. It should be noted however, that
dynamic device performance will not be maximum.

TIMING INFORMATION

Fig. 5 depicts the system relationship between sampling
edge offset and output data. :

The analog input signal is sampled t4s seconds after the
rising edge of the clock signal. Old data will remain valid for at
least tn, and new data will become valid after at most tq. Data
may be latched on either the falling or rising edges of the clock
signal.

133



VP87A8

ADCIN

CLK —_—— * — ]
INPUT

sample N

sampleN +1

/
\__~

sample N +2

DATA x
OUTPUTS

Cb 1.5V
>2.4V

X DATA X DATA DATA
N N+1 N+2 <0.4v

Fig. 5 System timing

AGC AND CLAMP CONTOL

In both mode 1 and 2, AGC and clamp control is acheived
by the charging and discharging of two external capacitors
attached to the AGC and CLAMP pins. Suggested values for
these capacitors are Cagc=220nF and Cjp=18nF.

For correct device operation, the relative occurrences of
the control pulses at the GATE A and GATE B pins must be as
given below:

MODE 1 — GATE A and GATE B must overlap, GATE B
being delayed with respect to GATE A. This will ensure that the

signal fills the complete ADC range and thus allows quick
recovery of the video sync pulses.

MODE 2 - GATE A must occur wholly within the sync period
GATE B must occur wholly within the rear porch. This will tend
to hold the output signal amplitude below code 248, the black
level at code 64, and the sync tip at code 0.

Table 4 shows the control action of the device with
reference to the logic states of the GATE A and GATE Binputs.

GATE A GATE B MODE DIGITAL OUTPUT CODE lage leLp
1 T Device will enter mode 1
1 Output >255 —Ipeak +5pA
1 Output <255 +5pA -
1 Output >0 - +5pA
1 Output <0 +5pA ~lpeak
T 0 This control sequence will
d 0 switch the device
0 T into mode 2.
0 1 2 Output >248 —Ipeak +50pA
0 1 2 Output >64 - +50pA
0 1 2 Output <64 - -50uA
0 0 2 Output >248 —lpeak -
1 0 2 Output >248 —lpeak -
1 0 2 Output >0 —5pA -
1 0 2 Output <0 +5pA -

Table 4: Mode 1/Mode 2 control

134



VP87A8

PIN NAME DESCRIPTION PIN NAME DESCRIPTION

1 D7 Data Output Bit 7 (MSB) 15 I Input Selection Bit 1

2 D6 Data Output Bit 6 16 VINO Video Input 0

3 D5 Data Output Bit 5 17 VIN1 Video Input 1

4 D4 Data Output Bit 4 18 VIN2 Video Input 2

5 CLK Clock Input 19 ANOUT | Analog Output

6 DVce | Digital Supply Voltage 20 ADgIN | ADC Input

7 OVce | Output Buffer Supply Voltage 21 DEC Not Connected — VP87A8 is inter-

8 DGND | Digital Ground nally stable

9 OF Output Format/Chip Enable 22 AVgc | Analog Supply Voltage
10 D3 |Data Output Bit 3 2 AGND | Analog Ground

11 D2 Data Output Bit 2 24 CLAMP | Clamp Capacitor

12 D1 |Data Output Bit 1 % AGC | AGC Capacitor

13 DO Data Output Bit 0 (LSB) 26 GATE B | Black Level Control Pulse
14 10 Input Selection Bit 0 27 GATE A | Sync Level Control Pulse

28 RPEAK | Peak Current Resistor
Table 4 Pin descriptions
PCB CONSTRUCTION

As with all high speed analog to digital converters, careful
consideration must be given to the PCB layout.

In general, the best results will be obtained by tying all
grounds to a ‘solid’ low impedance ground plane. Separate
analog and digital ground planes will also help. Device
connections to the ground plane should be as short as
possible.

Supply decoupling is important when dealing with mixed
analog and digital signals, it can provide a feedback path for

the digital output currents. The VP87A8 should therefore be
decoupled as close to the supply pins as possible. Good
quality, high frequency, low inductance capacitors. Isolation
may be further improved by adding series inductors to the
supplies.

Jitter and noise on the clock pin and its reference to ground
must be minimised. Long clock lines should be avoided and all
lines correctly terminated.

A typical application circuit is shown below.

330
—t Y = HORIZONTAL
. ,
DATA OUTPUTS {: “H - HQ:TZN:NTAL
3 26 °
S%F j : . LI 220nF CLAMP
1009 m il i_;
CLOCK O—l:II————-E s v = o
DVec o {]e P B ]_,,},
OVee o 1K 8 22 1 AVec
7
Lrem L o ST AR G 22 "o
O/P FORMAT b ’ I r i
. 2 [ Low
CHIP ENABLE 200 | eass
10pF: 10 19 FILTE|
4.7uF
pata_ ) —] i °
outputsy ., 17 [ E 0
—] 16 Hlﬂﬂ: —
vipeowp | © I Z |
SELECT
o 75e[75efrse

Fig. 6 Typical application circuit
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D.S. 3956 1.2
30MHz 8-BIT ANALOG VIDEO INPUT INTERFACE
The VP87A9 s an analoginputinterface designed for video
signal conditions and digitisation.
Operating from a single +5V supply, the VP87A9 includes 07 |1 28fm  OFs
an input multiplexer, video amplifier with internal clamp and ps |2 27 cLs
variable gain, an on-board reference and a buffered 8-bit ps |3 26fm CLP
ADC capable of digitising signals up to the Nyquist limit. D4 |4 25fn  CLAMP
Video signals may be supplied to the VP87A9 either ClK |5 24 cLamp
directly to the ADC, or via one of three multiplexed inputs for DVec |6 230 AGND
signal conditioning. The conditioned analog signal (with ovee m|7 22km  Avee
appropriate gain and clamping) is available as output prior to pGND {8 ves7as  21fD DEC
digitisation. The coded data, updated at the sample rate, is FOEN |9 20k ADCIN
available in either binary or two’s complement format via the p3 |10 19D ANOUT
3-state TTL output buffers. p2 f|n 18fD VIN2
D1 |12 17fm VIN1
FEATURES Do |13 16 VINO
M Direct replacement for TDA8709AT o |14 =
B 30MHz sampling rate DP28 MP28
B Internal clamp to code 16 or 128 - - - -
B Varaible signal gain Fig. 1 Pin connections — top view
M Selectabie data format
B Internal ADC reference
M 3-state TTL outputs
FGEC Plessey also offer direct replacements for Philips
TDA8708 (GPS part no VP8708) ABSOLUTE MAXIMUM RATINGS
TDAB8708A (GPS part no VP87A8) Supply voltages; AVcc, DVce, OVee +5V
Supply differential +1v
ORDERING INFORMATION Ground differential +1v
VP87A9A CG DPAS (Commercial — Plastic DIL) Video input voltage AVCC
VP87A9A CG MPES (Commercial — Miniature Plastic) Output current 10mA
ANOUT ADCIN CLK DEC ovcc
—————— _O_ ——— —_—————
i
DRIVER |—+ FOEN
AMP
|
—0 D7
_+ D6
D5
+__. CONTROL —+
CLAMP COMPARATORS 3 STATE 4
| < ADC ouTPUTS |—¢ D
: <] =
| _+ D2
| |
CLAMP CONTROL D1
I LOGIC < = °|
| DO
| i
| |
ke —————————— o--——-0———0-——O0————— _
CLSs CLP AGND AVCC DVCC DGND OFS

Fig. 2 System block diagram
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RECOMMENDED OPERATING CONDITIONS
Supply voltages; AVgc, DVee, OVee

VP87A9

THERMAL CHARACTERISTICS
Storage temperature range

—65°C to +150°C

Supply differential Lead temperature (soldering 11 seconds) +265°C
Ground differential THERMAL RESISTANCE DP PACKAGE
Video input voltage 1Vp-p Junction to ambient (©j,) 55°C/W
Junction to case (@jc) 14°C/W
THERMAL RESISTANCE, MP PACKAGE
OPERATING TEMPERATURE RANGE Junction to ambient (8j,) 84°C/W
Commercial 0°C to +70°C (still-air ambient) Junction to case (©jc) 32°C/W
ELECTRICAL CHARACTERISTICS: DC CHARACTERISTICS
Test conditions (unless otherwise stated): AVgc, DVcc, OVce=5V10.5V, AGND/DGND shorted together,
Temp=Tyy, =0 to + 70°C.
Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
POWER SUPPLY
Analog supply voltage AV 25 1 4.5 5.0 5.5 Vv
ce FULL 4 4.5 5.0 5.5 \"
Digital supply voltage DVce 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 5.5 \"
Output supply voltage OVce 25 1 4.5 5.0 5.5 \
FULL 4 4.5 5.0 5.5 \
Analog supply current Alcc 25 1 65 mA
FULL 4 55 75 mA
Digital supply current Dlcc 25 1 10 15 mA
FULL 4 10 20 mA
Output supply current Olg, 25 1 10 15 mA
P c FULL 4 10 20 mA
Power dissipation P 25 1 375 525 mW
FULL 4 375 635 mw
VIDEO INPUTS
Input range Vin FULL 4 0.5 1.0 1.5 Vv
(P-p)
Input impedance 1Z)Nl FULL 4 18 20 22 kQ fin=6MHZ
Input capacitance Cin 25 5 2 pF fin=6MHZ
10, 11, CLS CLP TTL
INPUTS
Input voltage LOW Vi 25 1 0.8 Vv
FULL 4 0.8 \'%
Input voltage HIGH Vin 25 1 2.0 \
FULL 4 2.0 Vv
Input current LOW li 25 1 -150 A V;=0.4V
FULL 4 —200 nA Vi=0.4V
Input current HIGH lin 25 1 10 nA V;=3.6V
FULL 4 20 RA Vi=3.6V
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ELECTRICAL CHARACTERISTICS: DC CHARACTERISTICS (cont.)
Test conditions (unless otherwise stated): AV, DVce, OVoo=5V+0.5V, AGND/DGND shorted together,
Temp=Ty,, =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
GAIN CONTROL
INPUT
Voltage for minimum Vge 25 4 1.8 Vv See Fig. 5
gain
Voltage for maximum Ve 25 4 3.8 v See Fig.5
gain
Input current lge 25 1 1 nA
Gain/Temperature Gt * 4 5 % See Fig.5
stability
CLAMP CONTROL
INPUT
Clamp voltage Veip 25 4 * * See Fig. 4
Clamp output current leip 25 1 * * See Table 4
VIDEO AMPLIFIER
OUTPUTS
Internal current source l1g9 25 4 2 mA
DC Output voltage for Vbik FULL 4 AVge \" CLS=1
black level 2.00
AViee \" CLS=0
2.60
AC Output voltage Vig FULL 4 1.35 \"
(peak—peak)
Output impedance Zyg 25 40 Q
CLK INPUT
Input voltage LOW Vit 25 1 0.8 \
FULL 4 0.8 v
Input voltage HIGH Vih 25 1 2.0 \
FULL 4 2.0 \
Input current LOW Iy 25 1 -150 nA Vi= 0.4V
FULL 4 —200 pA V= 0.4V
Input current HIGH lin 25 1 10 pA V= 3.6V
FULL 4 20 nA Vi=3.6V
Input impedance 1Z\| 25 4 3.5 kQ
Input capacitance Celk 25 5 pF
Maximum frequency fmax FULL 4 30 MHz
FOEN INPUT
(3~state control)
Input voltage LOW Vi 25 1 0.8 \
FULL 4 0.8 Vv
Input voltage HIGH Vin 25 1 2.0 \
FULL 4 2.0 \"
Input voltage 3-STATE V, 25 1 1.4 \
Input current LOW ly 25 1 -175 uA Vi=0.4V
FULL 4 —200 uA Vi=0.4V
Input current HIGH lin 25 1 50 uA Vi=3.6V
FULL 70 A Vi=3.6V
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ELECTRICAL CHARACTERISTICS: DC CHARACTERISTICS (cont.)
Test conditions (unless otherwise stated): AV¢c, DVgc, OVcc=5V+0.5V, AGND/DGND shorted together,
Temp=Tg, =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max
ADCIN INPUT
Input voltage Vade FULL 4 AV \ For Code 0
2.50
Input voltage Vade FULL 4 AV \ For Code 255
1.50
Input voltage Voo FULL 4 1.0 A"
amplitude (p—p)
Input current lade 25 1 1 A
Input impedance Zade 25 1 14 MQ
Input capacitance Cadc 25 4 5 pF
DIGITAL OUTPUTS
Output voltage LOW Vol 25 1 0.4 \ loi=2mA
FULL 4 0.4 \' loi=2mA
Output voltage HIGH Voh 25 1 2.4 \A loh=-0.4mA
FULL 4 24 v loh=—0.4mA
3-STATE Output loz 25 1 2 pA
current
ADC PERFORMANCE
Static differential non — DNL 25 1 +0.5 Isb
linearity FULL 4 +0.5 Isb
Static integral non — INL 25 1 +1 Isb
linearity FULL 4 +1 Isb
Dynamic integral non — INL 25 1 +2 Isb
linearity FULL 4 +2 Isb
VIDEO AMPLIFIER
DYNAMIC
PERFORMANCE
~3dB Bandwidth f3dB 25 4 20 MHz
Differential gain Gy 25 4 2 %
Differential phase Q@d 25 4 2 degrees
Gain range AG 25 4 —4.5 10 dB
Crosstalk between 25 4 -60 dB
VIN inputs
Signal-to—-noise ratio SNR 25 4 55 dB
Gain supply Rejection GSSR 25 4 -30 dB Vgec=2.8V
Ratio '
ANALOG SIGNAL *foik = 30MHz
PROCESSING
Differential phase Qd 25 4 2 degrees
Total harmonic THD 25 4 -55 dB
distortion
Supply voltage ripple SVRR 25 4 0.5 %IV
rejection
~3dB Bandwidth f3dB 25 4 15 MHz
Differential gain Gy 25 4 2 %
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ELECTRICAL CHARACTERISTICS: DC CHARACTERISTICS (cont.)
Test conditions (unless otherwise stated): AVgg, DVcc, OVee=5V+0.5V, AGND/DGND shorted together,

Temp=Ty), =0 to + 70°C.

Value
Parameter Symbol | Temp Test Units Conditions
(°C) level Min Typ Max

TIMING* * fk=30MHz
C =15pF
lo=2mA

Sampling delay tgs FULL 4 3 ns

Output hold time tho FULL 4 5 ns

Output delay time ty FULL 4 20 ns

3 State delay time for tez FULL 4 25 ns

enable

3 State delay time for tyz FULL 4 25 ns

disable

ELECTRICAL CHARACTERISTIC DEFINITIONS
Analog -3dB Bandwidth of the ADC

The analog input frequency at which the spectral power of
the fundamental frequency, as determined by Fast Fourier
Transform analysis, is 3dB down on the DC level.

Differential Non-Linearity (DNL)
The deviation of any code width from an ideal LSB step
size.

Integral Non-Linearity (INL)
The deviation of the centre of each code from a reference
line which has been determined by a least-square curveit.

Differential Gain (Gg4) and Phase (Qq)

The difference in gain/phase at the ADC output when a
17.5 IRE units peak to peak, 3.58MHz input signal is
superimposed on a DC level at 1/16 and 15/16 full scale input.

Supply Voltage Rejection Ratio (SVRR)
The variation in the the given signal when the supply
voltage is changed by 1V.

GENERAL CIRCUIT DESCRIPTION

The VP 87A9 is an analog video input interface capable of
digitising signals at sample rates upto 30MHz.

The multiplexer uses the logic conditions on the selection
pins (IO, 11) to select one of upto three signals applied to the
video inputs (VINO, VIN1, VIN2). This signal is then clamped
to the required level by the action of the clamp control logic.
The output of the multiplexer passes through the video
amplifier, where the gain of the signal is adjusted as
determined by the voltage on the ‘GAIN’ pin, such that after
going through the driver amplifier, the signal fills the desired
portion of the ADC range (see Fig. 3). This input to the ADC
also drives two reference comparators which supply the
signals necessary to control the clamp circuitry.

The control circuitry may switched, via the state of the ‘CLS’
pin, such that the input signal is clamped to either ADC code
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Signal-to—Noise Ratio

The ratio of the RMS signal amplitude to the RMS value of
"noise” which is defined as the sum of all other spectral
components including harmonics, but excluding dc with a
full-scale analog input signal.

Total Harmonic Distortion (THD)

The RMS addition of all peaks in a Fast Fourier Transform
measurement, which occur at integer multiples of the
fundamental frequency of the input signal.

Test Levels

Level 1 100% production tested

Level 2 100% production tested at 25°C and
sample tested at specified temperatures

Level 3 Sample tested only

Level 4 Parameter is guaranteed by design and
characteristics testing

Level 5 Parameter is a typical value only

16 (for luminance or R,G,B signals) or to ADC code 128 (for
chrominance or colour difference signals). For the device to
operate, an external capacitor must be connected to the
CLAMP pin. This capacitor is then charged/discharged as
appropriate during the clamping period (when ‘CLP’ is taken
high).

The format of the output data, updated at the sample rate,
is determined by the logic level on the OFS pin. The FOEN pin
may also be used to force the outputs to a high impedance
state.

The DEC (decouple’) pin is not connected on the VP87A9.
On similar devices (e.g. TDA8709A) an external capacitor
may be attached to this pin to stabilise the ADC reference
voltage. The VP87A9 has an internally stable reference and
thus requires one less external component.
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255 _]

DIGITAL 128

\ EXTERNAL GAIN CONTROL

OUTPUT o
LEVEL 3

0.

CLP

CLAMP
PERIOD

TIME

Fig. 3 Clamp control

VIDEO INPUTS
Each of the three video inputs may be selected with the
selection pins 10 and 1. Table 3 shows the action of these pins.

)] 10 SELECTED INPUTS
0 0 VINO
0 1 VIN1
1 0 VIN2
1 1 VIN2

Table 3 Video input selection

OUTPUT FORMAT & ENABLE (OFS FOEN PINS)

The format of the output data is selectable via the OFS pin
as shownin Table 4. When the FOEN pinis taken high, the TTL
outputs will enter a high impedance state regardless of other
signals.

FOEN OFs OUTPUT STATES
0 0 Active, Binary
0 1 Active, Two’s
Complement
1 X High Impedance

Table 4 Output format control

ANOUT AND ADCIN

The analog output (ANOUT) and ADC input (ADCIN) pins
should have an external anti—aliasing filter connected betwen
them. Care must be taken to ensure that the filter input
impedance and filter output levels are in accordance with the
specifications.

As an evaluatuion tool, two resistors (6802 and 22kQ) may
be used to form a potential divider between ANOUT and AVc.
The centre tap of this divider can then be used to connect the
signal to ADCIN. It should be noted however, that dynamic
device performance will not be maximum.

TIMING INFORMATION

Fig. 6 depicts the system relationship between sampling
edge offset and output data.

The analog input signal is sampled tys seconds after the
rising edge of the clock signal. Old data will remain valid for at
least t,, and new data will become valid after at most ty. Data
may be latched on either the falling or rising edges of the clock
signal.
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Fig.4 Typical VP87A9 clamp characteristic Fig.5 Typical VP87A9 clamp characteristic

sample N sampleN +1
ADCIN
™ sample N +2
CLK :\____7 :\.;7 1.5V
INPUT
AL
>2.4V
DATA DATA DATA DATA
OUTPUTS 1 X X )Q X X N+1 X: <0.4V
Fig. 6 System timing
CLAMP AND GAIN CONTROL
The typical clamp control characteristic is depicted in Fig. CLS CLP ADC OUTPUT leip
4 and the control action shown in Table 4. CODE
The clamping circuitry operates whilst ‘CLP’ is at a
logic-high state. It is therefore important to ensure that ‘CLP’ 1 ! 83}33:: }gg :gg::ﬁ
is only taken high during the breeseway, colour-burst and rear
porch. The speed at which the clamp circuitry gains alignment X 0 X 0
is dependant on both the length of the ‘CLP’ pulse and also the 0 1 Output < 16 +50pA
value of capacitor attached to the ‘CLAMP’ pin (smaller values Output >16 -50pA
of capacitor and /or longer ‘CLP’ pulse will increase the clamp

response).

If necessary the clamping operation may be forced
externally by applying a voltage source to the ‘CLAMP’ pin. In
this case the response time is limited by the system
bandwidth.
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Table 4: Clamp output current




VP87A9

PIN NAME DESCRIPTION PIN NAME DESCRIPTION

1 D7 Data Output Bit 7 (MSB) 15 il Input Selection Bit 1

2 D6 Data Output Bit 6 16 VINO Video Input 0

3 D5 Data Output Bit 5 17 VIN1 Video Input 1

4 D4 Data Output Bit 4 18 VIN2 Video Input 2

5 CLK Clock Input 19 ANOUT | Analog Output

6 DVgc | Digital Supply Voltage 20 ADCIN | ADC Input

7 OVge | Output Buffer Supply Voltage 21 DEC Not Connected — VP87A9 is inter-

8 DGND | Digital Ground nally stable

9 FOEN |Fast output enable 22 AVec | Analog Supply Voltage
10 D3 |Data Output Bit 3 23 AGND | Analog Ground

11 D2 Data Output Bit 2 24 CLAMP | Clamp. Capacitor

12 D1 Data Output Bit 1 25 GAIN | Gain control input

13 DO  |Data Output Bit 0 (LSB) 26 CLP  fClamp Pulse

14 10 |Input Selection Bit 0 27 CLS | Clamp level select

28 OFS Output format select
PCB CONSTRUCTION

As with all high speed analog to digital converters, careful
consideration must be given to the PCB layout.

In general, the best results will be obtained by tying all
grounds to a ‘solid’ low impedance ground plane. Separate
analog and digital ground planes will also help. Device
connections to the ground plane should be as short as
possible.

Supply decoupling is important when dealing with mixed
analog and digital signals, it can provide a feedback path for

the digital output currents. The VP87A9 should therefore be
decoupled as close to the supply pins as possible. Good
quality, high frequency, low inductance capacitors. Isolation
may be further improved by adding series inductors to the
supplies.

Jitter and noise on the clock pin and its reference to ground
must be minimised. Long clock lines should be avoided and all
lines correctly terminated.

A typical application circuit is shown in Fig. 7.

330Q
\/
1 28
— ) o HORIZONTAL
DATA OUTPUTS Ik = Hof{lva(;:NTAL
3 26 [ |- 0
- po CLAMP
1000 - = [H 18nF_1QnF
CLOCK 5 [
DV {] P
cc o- I A L A
OVee o 1K 7 22 JJM_" Aec
L LoneL LiF Y K 20  'WH
0
2 o 2 6800 | bow
p! —1 10 19 JT;;F:’_ FILTE!
paTA ) —1|n o [ °
OUTPUTS _{|+, 17 [ LE —~—0
. w 4.7uF °
—e | 14 15 ]—n—

VIDEO I/P °
SELECT
(o,

75Q 75Q
75Q

Fig. 7 Typical application circuit
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REF12Z/REF12D

1.26V MICROPOWER PRECISION REFERENCE

The REF12Z and REF12D are integrated circuits using
the bandgap principle to provide a precise stable reference
voltage of 1.26V. There are two package options available:
REF12Z in a plastic 3-pin TO-92 and REF12D in a miniature
surface mount package (MP8).

These references feature a recommended operating cur-
rent of 90uA to 2.5mA which make them ideal for all low power
and battery applications.

FEATURES

B Low Knee Current - typically 80 microamps
Ideal for Battery Operation - 113 microwatts
REF12Z - 3 lead TO-92 Plastic Package

REF12D - Miniature Plastic Surface Mount Package
(MP8)

Tight Initial Ve Tolerance +1%

Low Temperature Coefficient

Low Slope Resistance

Low Cost

Operation over Industrial Temperature Range

© Vaer

——O GND

Fig.2 Internal connections

DS2475- 2.1
Vaer
SUBSTRATE
(TO OV OR GND (0V)
OPEN CIRCUIT)
REF122 (TO-92) - BOTTOM VIEW
NC 1 8 [T Vpee
NCCx |2 7ETINC
NC L1733 6 CTINC
GND 3 |4 S [CTNC
REF12D (MP8) - TOP VIEW
Fig.1 Pin connection
ORDERING INFORMATION
Device Type Operating Temperature | Package
REF12Z -40°C to +85°C TO-92
REF12D -40°C to +85°C MP8
ABSOLUTE MAXIMUM RATINGS
Reference current 2.5mA
Operating temperature range:

REF12Z -40 to +85°C
REF12D -40 to +85°C
Storage temperature -55 to +125°C

Storage temperature for a max. time of 10ns:
within 1.59mm of the seating plane 300°C
within 0.80mm of the seating plane 265°C
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REF12Z/12D

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated)
T, = 25°C, Cg = 470nF (see Fig.3)

Value .
Characteristic Symbol Units Conditions
Min. Typ. Max.
Output voltage Veer 1.247 1.26 1.273 v
Slope resistance (Note 1) Rper 25 4.0 Q loge = 150pA to 2.5mA
Note 1
Turn-on (knee) current lon 80 90 HA
Recommended operating loge 0.09 25 mA
current range
Temperature coefficient TC Ve, 40 80 ppm/°C | REF12Z } Note 2
(Note 2) 30 80 ppm/°C REF12D
RMS noise voltage E, 1.0 wV/ANHz 0.1Hz to 25kHz
-on ti T 0.4 ms
Turn-on tfme on } s = 1.5mA
Turn-off time Tore 15 ms
-on ti 5
Turn-on time Ton ms } b= 1.5mA
Turn-off time Tose 110 ms

NOTES

1. Slope resistance (R..)

Slope resistance is defined as

Rger = Change in V. over a specified current range

The change in reference current

2. Reference voltage temperature coefficient (TC V)

This is the normalised reference voltage change over temperature, divided by the change in temperature.
It is expressed in ppm/°C

TC Ve = AVg,x 10° ppm/°C
AT = temperature change in °C

REF

AV = change in reference voltage over temperature change AT
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Vee I

1

SUBSTRATE |
-T— ~s Verer

(OPEN CIRCUIT OR 0V)

GND (0V)

NOTE: In order to achieve oplirhum operation, a stabilising
capacitor (Cgz470nF) should be connected between Vier
and QV as shown. i

Rex

B ey § -
Vee ) S ]

T 7 6 5 :

Ry = LE6_YREF REF120 "..L- Cs  Veer

'ner 1 2.3 4 T

A
GND (0V)

Fig.3 Connection diagram
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Fig.5 Typical temperature characteristic
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Fig.6 Typical response time
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Fig.7 Typical derating curve
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REF25Z/REF25D

2.5V MICROPOWER PRECISION REFERENCE

The REF25Z and REF25D are integrated circuits using
the bandgap principle to provide a precise stable reference
voltage of 2.5V without the need for an external shaping
capacitor. There aretwo package options available: REF25Z
in a plastic 3-pin TO-92 and REF25D in a miniature surface
mount package (MP8).

These references feature arecommended operating cur-
rent of 60uA to 5mA which make them ideal for all low power
and battery applications.

FEATURES

M Low Knee Current - typically 40 microamps
Ideal for Battery Operation - 150 microwatts
Internally Shaped

REF25Z - 3 lead TO-92 Plastic Package

REF25D - Miniature Plastic Surface Mount Package
(MP8)

Tight Initial Ve Tolerance +1%

Low Temperature Coefficient
Low Slope Resistance
Low Cost

Operation over Industrial Temperature Range

DS2428 - 2.2

SUBSTRATE
(TO OV OR

NC

NC I
NC T
GND ]

Vrer

OPEN CIRCUIT)

a W ON -
w0 N o™

GND (0V)

REF25Z (TO-92) - BOTTOM VIEW

F Vaer
[T NC
FTINC
FTNC

REF25D (MP8) - TOP VIEW

O Vagr

RS

b
=

o

X
{1+

>k

—©O GND

Fig.1 Pin connection

ORDERING INFORMATION

Device Type

Operating Temperature

Package

REF25Z
REF25D

Fig.2 Internal connections

-40°C to +85°C
-40°C to +85°C

TO-92
MP8

ABSOLUTE MAXIMUM RATINGS

Reference current

Operating temperature range:

REF25Z
REF25D

Storage temperature
Storage temperature for a max. time of 10ns:
within 1.59mm of the seating plane
within 0.80mm of the seating plane

5mA

-40 to +85°C
-40 to +85°C
-55 to +125°C

300°C
265°C
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REF25Z/25D

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated)

T, =25°C, I = 1500A

Value
Characteristic Symbol : Units Conditions
Min. Typ. Max.
Output voltage Veer 2.475 2.500 2.525 v
Slope resistance (Note 1) R 1.2 20 Q REF25Z } loer = 150pA
12 2.0 Q REF25D J to SmA

Turn-on (knee) current lon 40 HA
Recommended operating loge 0.06 5.0 mA
current range
Temperature coefficient TC Ve 35 110 ppm/°C | REF25Z } Note 2
(Note 2) 35 80 ppm/°C | REF25D
RMS noise voltage E, 13 uv 1kHz to 10kHz
Turn-on time Ton 80 us
Turn-off time Tore 7 pus
Turn-on time Ton 65 Hs } loer = S00pA
Turn-off time Tore : 2 us

NOTES
1. Slope resistance (R.)
Slope resistance is defined as

Rqee = Change in V.. over a specified current range
The change in reference current

2. Reference voltage temperature coefficient (TC V)

This is the normalised reference voltage change over temperature, divided by the change in temperature.

It is expressed in ppm/°C
TC Ve = AVgee X 10° ppm/°C
Viee X AT
AT = temperature change in °C
AV = change in reference voltage over temperature change AT
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Rexy
v
cc
Vee-V
Reyy = VGG YneF
e IReF
SUBSTRATE s
(OPEN CIRCUIT OR 0V)
REF252
GND (0V)
Rext

(7 S B

7
= Yoo~ Yaer REF25D
4

R
el 'RerF 1

Vrer

GND (0V)

Fig.3 Connection diagram
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REF50Z/REF50D

5V MICROPOWER PRECISION REFERENCE

The REF50Z and REF50D are integrated circuits using
the bandgap principle to provide a precise stable reference
voltage of 5V. There are two package options available:
REF50Z in a plastic 3-pin TO-92 and REF50D in a miniature
surface mount package (MP8).

These references feature a recommended operating cur-

rent of 60pA to 5mA which make them ideal for all low power
and battery applications.

FEATURES

B Low Knee Current - typically 40 microamps
Ideal for Battery Operation - 300 microwatts
Internally Shaped

REF50Z - 3 lead TO-92 Plastic Package

REF50D - Miniature Plastic Surface Mount Package
(MP8)

Tight Initial Vo Tolerance +1.5%

Low Temperature Coefficient
Low Slope Resistance

Operation over Industrial Temperature Range

—O Vger

RS

R1
>—K

2
w
— 4

R2 R4

—O GND

DS2427 - 20
VHEF
SUBSTRATE
{TO OV OR GND (0V)
OPEN CIRCUIT)
REFS50Z (TO-92) - BOTTOM VIEW
NC T (1 [ ] om ms LV
NC I |2 7 FEONC
NC T |3 6 FTINC
GND 1 |4 5 CTNC
REF50D (MP8) - TOP VIEW
Fig.1 Pin connection
ORDERING INFORMATION
Device Type | Operating Temperature | Package
REF50Z -40°C to +85°C TO-92
REF50D -40°C to +85°C MP8

Fig.2 Internal connections

ABSOLUTE MAXIMUM RATINGS

Reference current

S5mA

Operating temperature range:

REF50Z
REF50D

Storage temperature
Storage temperature for a max. time of 10ns:

-40 to +85°C
-40 to +85°C

within 1.59mm of seating plane 300°C
within 0.80mm of seating plane 265°C

-55 to +125°C
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REF50Z/50D

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)
Tomo = 25°C, I = 150pA

Value .
Characteristics Symbol Units Conditions
Min. Typ. Max.
Output voltage Veer 4.925 5.00 5.075 \'
Slope resistance (Note 1 R 3.0 35 Q REF 50Z
P (Note D) " lge = 1500A

3.0 35 Q REFsoD _ '©5MA
Turn-on (knee) current lon 40 HA
Recommended operating lner 0.06 5.0 HA
current range
Temperature coefficient TC Ve 35 110 ppm~C | REF25Z
(Note 2) Note 2

35 80 ppmeC | REF25D
RMS noise voltage E, 13 uv 1kHz tp 10kHz
Turn-on time Ton 80 us
Turn-off time Toer 7 us
Turn-on time Ton 65 us

} lner = S00RA
Turn-off time Tore 2 us
NOTES

1. Slope resistance (R_)

Slope resistance is defined as

Rgee = Change in V. over a specified current range
The change in reference current

2. Reference voltage temperature coefficient (TC VREF)
This is the normalised reference voltage change over temperature, divided by the change in temperature.
It is expressed in ppm/°C
TC Vg = AV X10° ppm/°C
AT = temperature change in °C
AV, = change in reference voltage over temperature change AT

160



REF50Z/50D

Rexr
v,
(3 I,

Veo ~ VREF
Rer= _QGI_
REF

SUBSTRATE
(OPEN CIRCUIT OR 0V)

REF50Z

>—--—--—‘|-‘|—-—--—-—<

GND (0V)

NOTE: In some instances, in order to achieve optimum
operation, a 10nF capacitor should be connected between
Vger and OV as shown.

Rext
Vee— 1} T
]
AARA |
1}
7
am=‘im|;:+“ : nsrso:o : _T'L-wﬂ Veer
)
HHH |
|
t
GND (0V) i

Fig.3 Connections diagram
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REF50Z/50D

L 5 >

R 70
E
g 60
R
N so
[}
E
40
[}
R
R 30
; /
T 2 /
WA o 7
0
0o 1+ 2 3 4 5 6 7 8 9 10
REFERENCE VOLTAGE (V)
Fig.4 Typical reference characterics
5.05
Veer (V)
5.00
"] [~
4.95
4.90
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TEMPERATURE (*C)
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Fig.5 Typical temperature at | .. = 150uA
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Fig.6 Typical dynamic impedance at l,.. = 5mA
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REF50Z/50D

10 T
Vee
]
v
? 5.0
T
cA; VRer 8t Iger = 1504A
E
v 0
50 /\‘
Vier 8t Ipgr = S004A
0 || \
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Fig.7 Typical response time (not to scale)
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Fig.7 Typical response time (not to scale)
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ADVANCE INFORMATION

'SR12D

1.2V PRECISION VOLTAGE REFERENCE

The SR12D is a monolithic integrated circuit using the
bandgap principle to provide a precise reference voltage of
1.23V.

This reference device is packaged in a standard SOT-23
small outline package, making it ideal for all surface mount
applications.

FEATURES

B Standard SOT-23 Surface Mount Package
W Low Knee Current - Typically 80 pA

B Low temperature Coefficient

DS2442 - 2.2
Vrer 3
[ T]nconov
w[T]:
' SOT-23
Fig. 1 Pin connections: (top view)
ABSOLUTE MAXIMUM RATINGS
Reference current 2.5mA
Operating temperature range - -40°C to + 85°C

2.0 Vrer

R1 R2

200v

Storage temperature range

-55°C to +125°C

Rexr
N "
—{T]-
NC
_Vec—Vaer
RE“‘_G%;'EFJ‘ ! :D Cs == VReF
—1]:
nv. "
ov .

Fig.2 SR12D circuit diagram

ELECTRICAL CHARACTERISTICS

Fig.3 SR12D external connections.

NOTE: In order to achieve optimum operation, an electrolytic
stabilising capacitor (C¢> 1uF) should be connected between
V... and OV as shown in Fig. 3.

REF

These characteristics are guaranteed over the following conditions (unless otherwise stated):

Tamb = +25°C, Irer = 150pA, Cs = 1uF

Value
Characteristic Symbol Units Conditions
Min. | Typ. | Max.
Output voltage Veee | 1.193 | 1.230 [1.267 \
Slope resistance (see note 1) Raer 15 | 25 Q lner = 150pA to 2.5mA
Turn-on (knee) current o 80 90 BA -
Recommended operating current range | 1., 0.09 25 mA
Temperature coefficient (see note 2) TCV e 40 125 | ppm/°C 0°C to +70°C
40 120 | ppm/°C -40°C to + 85°C
RMS noise voltage E, 10 uv 1Hz to 25kHz
Turn on time tox 7 ms
Turn off time torr 24 ms
Turnon tfme tox 0.4 ms } | oo = SMA
Turn off time tore 1.8 ms
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SR12D

NOTES

1. Slope Resistance (R_..)
The slope resistance is defined as

Change in V. over specified current range

R, = -
REF The change in reference current
100
80
Irer |
WAy 1.23v
60 / -
a0 //
20 /
g 02 0.4 06 0.8 10 12
Veer (V)

Fig.4 Typical reference characteristic

1231

2. Reference Voltage Temperature Coefficient (TCV,_.)

This is the normalised reference voltage change over
temperature , divided by the change in temperature. It is
expressed in ppm/°C as follows:

AVge, x 10°
= —— m/°C
REET OV x AT PP

AT = temperature change in °C
AV, = change in reference voltage over temperature
change AT.

TCV,

REF

20—
Vec (V)
0 — S
Vaee AT 17
Iner = 1504A
™,

1.23
VRE;AT
lper = 2.5mA
R ||

30 318 54

=)
o
'S
~

t(ms)

Fig.5 SR12D typical response time (not to scale)

1.230

1.229

Vaer
v)

1.228
1.227
1.226

1.225
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Fig.6 Typical temperature characteristic of SR12D at I, = 1501A
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SR25D

2.5V PRECISION VOLTAGE REFERENCE

The SR25D is a monolithic integrated circuit using the
bandgap principle to provide a precise reference voltage of
2.5V.

This reference device is packaged in a standard SOT-23
small outline package, making it ideal for all surface mount
applications.

FEATURES

B Standard SOT-23 Surface Mount Package
B Low Knee Current - Typically 60 uA

B Low temperature Coefficient

DS2443- 2.1
VRer 3
1 :l:l NC OR 0V
ov EE 2
SOT-23
Fig. 1 Pin connections (top view)
ABSOLUTE MAXIMUM RATINGS
Reference current 5mA

Operating temperature range -40°C to + 85°C

R Storage temperature range -55°C to +125°C
—O VRer
Rext
Ay vee—{ 19 1
v—v (1] NC
Rext = IRE:EF ! :D Cs 5= VRer
2
A
20()\( ov >
Fig.2 SR25D circuit diagram Fig.3 SR25D external connections.

ELECTRICAL CHARACTERISTICS

NOTE: In order to achieve optimum operation, an electrolytic
stabilising capacitor, Cg, (see Fig. 9) should be connected
between V.. and 0V as shown in Fig. 3.

These characteristics are guaranteed over the following conditions (unless otherwise stated):

Tamb = +25°C, Irer = 150uA, Cs = 1uF

Value
Characteristic Symbol Units Conditions Notes
Min. | Typ. | Max

Output voltage Veee | 2425 | 250 [2.575 \Y

Slope resistance Reee 1.2 | 20 Q logr = 150pA to 5mA 1
Turn-on {(knee) current Ton 60 80 uA 3
Recommended operating current range | | 0.08 5 mA 3
Temperature coefficient TCV e 40 150 | ppm/°C -40°C to + 85°C 283
RMS noise voltage E, 18 uVv 3
Turn on time tox 12.5 ms 3
Turn off time torr 45 ms 3
Turn on time ms 3

' toy 0.4 } b = 5mA
Turn off time torr 1.5 ms 3
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NOTES
1. Slope Resistance (R,;)
The slope resistance is defined as

Change in V.. over specified current range

R, = -
REF The change in reference current

2. Reference Voltage Temperature Coefficient (TCV,.)

This is the normalised reference voltage change over
temperature , divided by the change in temperature. It is
expressed in ppm/°C as follows:

AV, X 108
RV X AT

AT = temperature change in °C
AVe. = change in reference voltage over temperature
change AT.

TCV, ppm/°C

3. Guaranteed but not tested

70

60

50

Irer /
(uA)

40

° 1.0 1.5 2.0 25 3.0
Veer (V)

Fig.4 Typical reference characteristic

SR25D

“w—
Ve (V)
[T
Veer AT 250
Iner = 1502A
(v) 0
ol
Vier AT 50
Ingr = SMA
v) 0
0

0.4 125
t (ms)

303

N
N

16 75

Fig.5 SR25D typical response time (not to scale)

Vaer
[

< 30 o 10

g Ex 30

TEMPERATURE (*C)

Fig.6 Typical temperature characteristic of SR25D

atl,.. = 150uA

< S
E
-
-
Z s
4
-4
=2
(3]
o 3
£
=
=
w2
[-Y
o
%
= 1
o o
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 85

TEMPERATURE (°C)
Fig.7 Derating curve
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SR25D

4.4
4.0
3.6
32
28
24

2.0

DYNAMIC IMPEDANCE (Q)

as

0.4
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4
/1
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FREQUENCY (Hz)
Fig.8 Typical dynamic impedance of SR25D
5.0
’
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4.0 /1
% a0
&
H
=)
2 /
Z 20
= ’/,
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1.0
L]
’/ P
1~
1 2 3 a 5

MAXIMUM lqgp (MA)
Fig.9 Stabilising capacitor required for optimum operation

100k



GECPLESSEY

. J ADVANGE INFORMATION

D.S.3483 1.3

VR25

2.5V PRECISION MICROPOWER BANDGAP VOLTAGE REFERENCE

The VR25 is a monolithic integrated circuit using the
bandgap principle to provide a precise reference voltage of
2.5V.

The VR25 does not require any external capacitance for Vrer [T]f 3
stability.

This reference device is supplied in the standard SOT-23
small outline package, making it ideal for all surface mount

-

D] NC or OV

applications. ov [Tl 2

FEATURES SOT-23

M Standard SOT-23 package - . . -

M Tight initial VRer tolerance of 1% Fig. 1 Pin Connections — top view

M Wide operating current range up to.10mA

B Low temperature coefficient

M Low slope resistance APPL|CAT|°N$

B No external capacitor required for stability B Instrumentation

MW Tolerates capacitive loading M Data acquisition

M Operation over the industrial temperature range B Automotive systems

ABSOLUTE MAXIMUM RATINGS
Reference Current 10mA ORDERING INFORMATION
Power dissipation (Tamp = 25°C) 25mW VR25/IG/MPCY - Industrial (loose SOT-23)
Operating temperature range —40°C to +85°C VR25/IG/MPCA - Industrial (tape and reel SOT-23)
Storage temperature range -55°C to +150°C

V,
j‘, REF

R1 []

R2

2 0V

Fig.2 Functional block diagram
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VR25

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated) : Tymp = 25°C, Iyef = 150pA

Value
Characteristics Symbol - Units Conditions
Min Typ Max
Output Voltage VREF 2.4750 2.5000 2.5250 \
Slope Resistance RREF -0.1 0.2 0.5 Q Iref = 150pA to 5mA (see note 1)
-0.3 0 0.3 Q Iref = 150pA to 10mA (see note 1)

Knee Current IKNEE 65 80 pA (see note 3)
Recommended Operating IRer 0.08 10 mA (see note 3)
Current Range
Temperature TCVRer 75 150 ppm/°C | —40 to 85°C (see note 2&3)
Coefficient
Dynamic Impedance ZRer 10 Q Iger = 150pA (see note 3)

0.4 Q IRer = 5MA (see note3)

0.1 Q Irer = 10mMA (see note 3)

Iac = 0.1lger
f = 100Hz

RMS Noise Voltage En 65 wWVrms | 10Hz <f < 10kHz (see note 3)
Turn-on Time ton 20 us Irer = 150A (see note 3)

15 us IRer = 5mA (see note 3)

15 us Irer = 10mA (see note 3)
Turn-Off Time torr 25 us Irer = 150pA (see note 3)

3 us Irer = 5mA (see note 3)

5 us Irer = 10mA (see note 3)

NOTES

1. Slope resistance (Rpgr)

The slope resistance is defined as:

Reer =

Change in Vgee over specified current range

The change in reference current

2. Reference voltage temperature coefficient (TCVRggr)
This is the normalised reference voltage change over temperature , divided by the change in temperature.

It is expressed in ppm/°C as follows:

TCVprer

3. Guaranteed but not tested.
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VR25

1000, | sl
] s [/ =10mA
—— Typical g E REF
- - - Worst - case ) " - - -- Igep=150pA
\ w 44
- | =
< 160 4 \ 3
= N Q
_E 140 4+ ! g o4
£1204 : s
e b s
51004 - g-44
o g s
S 804 s >
c 4 [ ]
o ’ o
5 604 £ -84
9 3
o 404 5
[
20 4 . 121
1 1 1 1 L 1 1 L L
U T T U 1 \J L) J \J T LU
0.5 1.0 1.5 2.0 2.5 3.0 -40 =20 0 20 40 60 80
Reference voltage VReg (V) Temperature (°C)
Fig. 3 Reference turn—on characteristics at ambient Fig. 5 Typical temperature characteristics
temperature of 25°C
TEST CIRCUIT
Rexr
o VRer
10+ Vs = Veer
Rexr = =
REF
T sl
5
z 8V
S 64
(3
v
2 ° ' :
c 44 ! Ll
g : '
o ' '
‘S [
o '
2+ Iper=150pA
t t t T t —-l 20 25 l'-
2.492 2.496 2.500 2.504 ' '
Reference voltage Vgeg (V) J
Fig. 4 Typical reference characteristics at ambient IReF=5mA
temperature of 25°C J_
=15 5—*—|| rl-*-
: 1
Irep=10MA
e
D —
Time (uS)

Fig. 6 Typical response times (not to scale)
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VR25

Reference voltage change AVger (MV)

254
20+
151

101+

o+

o

-154

1
-
o

1

T

201

-251

-40

t t t
-20 0 20 40
Temperature (°C)

60

T

80

Fig. 7 Worst—case temperature characteristic at

lrep=150uA
100
— TEST CIRCUIT
; Rexr R Ve _v
L. = dc ~ Vrefde 1 =150pA [T
dc Roxr ) V4 reF=150p.
VR25
100— _ Vac — vrel ac
—] Vde Vac lac = R
— L lac = 14/10
] L/
g /
@
£
] //
@ L1
g 10
°
£
©
c
5' / IrRep=10mA [T
/|
1
7
/
//
/V
A/
0.1
1 10 100 1k 10k 100k
Frequency (Hz)
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Fig. 8 Typical dynamic impedance of the VR25 at T,,p=25°C




VR25

1 \
\ TEST CIRCUIT (Tamp=25°C)
43k
10 Vref
-
9 9V ] VR25 Cext
\ ov
8
7
N
T
} 6
s
2 \ \
8 \
L5
o
2 \
8 \
24 \
N
\
3 \
2 \\\ \\ / { CEXT=1}LFI
N T . ,
1 [0 \ 1 Cext=0 |
! CEXT=10uFI \
N\
1 10 100 1k 10k 100k
Frequency (Hz)
Fig. 9 Noise voltage of VR25
Vee 65kQ
Vee — Veer 25V
Rexr = IRer
=
VRer = 2.5V W VR25
VR25
- ov

Fig. 10 2.5V reference from a positive DC supply

Fig. 11 2.5V reference from a 9V battery
(power dissipation = 250uW)

VCC — VREF
|REF

R1 + R2
Vour = R1

Rexr =

% Vgep

Vper = 2.5V
C reduces noise

o +1.25V

R1 +V, -L
cc c

VR25

= R4 ~Vee T c
o -1.25V

R3 R1 = R2 (low tolerance components)
R3 determines ref. current for VR25
“Vee L, _ RiR2
~ R1+R2
C reduces noise

Fig. 12 Buffered reference source

Fig. 13 Split + 1.25V reference source
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DS3030 - 2.1

- ZN404 / ZN404D

2. 45V PRECISION REFERENCE REGULATOR

The ZN404 is a monolithic integrated circuit providing a
precise stable reference source of 2.45V without the need for
an external shaping capacitor.

FEATURES

Low Temperature Coefficient

Low Slope Resistance

Very Good Long Term Stability

Low Noise

Internally Shaped

Tight Tolerance

ZN404 - 2-Lead TO-18 Metal Can Package
ZN404D - 8-Lead Miniature Plastic Surface Mount
Package

Vs
R_Vs - VREF
R v R
IREF :

- e e e e e e

! VREF
1 +VE

1 1

1 i

1 AV 1

1 ]

1 1

1 BAND 1

' GAP '

. REFERENCE .

! | -VEA GND

L ow om o oo me o mm o e o me mm e e

VREF GND

ZN404 (CM2) - BOTTOM VIEW

NC 1
ne £ |2
ne T |3
GND [T |4

8 1 VRer
7 1 Ne
6 -1 ne
5[] NC

ZN404D (MP8) - TOP VIEW

Fig.1 Pin connections

ORDERING INFORMATION

Device Operating Temperature Package

ZN404
ZN404D

-20°C to +70°C CM2
-20°C to +70°C MP8

Fig.2 Circuit diagram

ABSOLUTE MAXIMUM RATINGS
Dissipation
Operating temperature range
ZN404
ZN404D
Storage temperature range

300mW
-20°C to +70°C

-20°C to +70°C
-55°C to +125°C
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ZN404

ELECTRICAL CHARACTERISTICS (at T, = 25°C unless otherwise specified)

Parameter Symbol Min. Typ. Max. Units Test conditions
Output voltage Vs 2.38 245 2.52 v Measured at 2mA
Slope resistance R - 0.1 0.2 Q
Reference current lner 2.0 - 120 mA
Maximum change in V... AV, - 6 33 mV -20 to +70°C
RMS noise voltage 1Hz-10kHz 10 - ny 1kHz - 10kHz
Ver drift at 70°C +10 - ppm/1000 CM2 Package
hours
10 H

£

> IREF = 2mA

Q

z

8

w

g0

g #iner = 20ma 14

< ,’

g

7
1/
0.1
0.1 1.0 10 100
FREQUENCY (kHz)

Fig.3 Dynamic impedance
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ZN404

10
8
s
Eg S
101 2 //
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-3 Z
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(]
<
I
O -8
104 4 -10
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Fig.4 Forward characteristic (typical) Fig.5 Temperature characteristic (typical)
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Fig.6 Derating curve
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DS2347 - 3.0
PRECISION VOLTAGE REFERENCE SOURCE
The ZN423 is a monolithic integrated circuit using the
energy bandgap voltage of a base-emitter junction to produce VRer
a precise, stable, reference source of 1.26V. This is derived
via an external dropping resistor for supply voltages of 1.5V
upwards. The temperature coefficient of the ZN423, unlike
conventional Zener diodes, remains constant with reference
current. the noise figure associated with breakdown
mechanisms is also considerably reduced.
FEATURES |
B Low Voltage GNO
B Low Temperature Coefficient X
W Very Good Long Term Stability ZN423 (CM-2)
B Low Slope Resistance - - P ;
.1 P
B Low RMS Noise Fig.1 Pin connections (bottom view)
| Tight Tolerance
B High Power Supply Rejection Ratio Vs-Vger Vs
B 2-Lead TO-18 Metal Can Package = Threr
R
ABSOLUTE MAXIMUM RATINGS L U
Reference current, I 20mA 1 +VE| | Vrer
Operating temperature range: -55°C to +125°C | 1
Storage temperature range: -65°C to +165°C : ]
|
ORDERING INFORMATION ! |
1
Device Type | Operating Temperature Package | : ==Cs
I i (20.1)
ZN423 -55°C to +125°C CM2 ] BANDGAP
| REFERENCE :
! I
! !
1 VE GND
IR, —— e = -
Fig.2 Circuit diagram
ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
T, = 25°C, Shaping capacitor, Cy = 0.1uF
Value
Characteristic Symbol Unit Conditions
Min Typ. | Max.
Output voltage Veer 1.2 1.26 1.32 \Y
Slope resistance Reer 0.5 1.5 Q logr = SMA
Reference current lner 1.5 12 mA
Temperature coefficient 30 ppm/°C
External resistor Rexr 100 Q Reyr = (Ve Vaee lper
RMS noise voltage 6 uv 1Hz to 10kHz
Power supply ratio Pega 60 dB Pan = Rex/Ragr Vaee = 1:26V,
logr = 2.5mMA, V. = 5.0V
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ZN423

Reference current | (max.) v operating temperature.

(2]

Ipet(Max) mA

L}
-40 -20 0 +20 +40 +60 +80 +100 +125
Operating temperature °C

Fig.3 Derating curve

Ipge=5mA 1ificg=ope (A

i IR P
|

@
w

OUTPUT RESISTANCE —.n
° )
& 3

Q
<

Frequency - Hz

Fig.4 Slope resistance v frequency (I, = 5mA)
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ZN423

L O—

o

Fig.5 5V, 0.5A power supply

APPLICATIONS
5V, 0.5A Power Supply

The circuit shown in Fig.5 is essentially a constant current
source modified by the feedback components R2 and R3 to
give a constant voltage output.

The output of the ZN424P need only be 2V above the
negative rail, by placing the load in the collector of the output
transistor TR2. Current control is achieved by TR1 and RS5.
The simple circuit has the following performance
characteristics:

Output noise and ripple (full load) = 1mV rms
Load regulation (0 to 0.5A) = 0.1%
Temperature coefficient = +100ppm/°C
Current limit = 0.65A

5V, 1.0A Power Supply
The circuit detailed in Fig.6 provides improved
performanceoverthatinFig.5. Thisis achieved by feedingthe
ZN423 reference and the ZN424P error amplifier from a more
stable source, derived from the emitter-follower stage (TR1).
The supply rejection ratio is improved by the factor R1/R5,
where R5 is the slope resistance of the ZN423.
The output voltage is given by:
(R3 + R4) v
_ﬁ-—3 REF
and may be adjusted by replacing R3 with a 220 and a 500Q
preset potentiometer.
The output is protected against short circuits by TR2
setting a current limit of 1.6A.

D1
1225272 |

s

>12

D2
z8272

Fig.6 5V. 1.0A power supply
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ZN423

R1
22
CURRENT
LMIT TRS
)l
ANl
Rio | |PH he
* {Jioe >——~——@ 2N3055
RS R12
100 470
= 7%
<4
Fc1 T
o OUTPUY TR4 Rws R14 hs
40V CONTROL LS s 08
FINE COARSE
==
c3 &
VRS VR6
251
o1 P DS 1 1 | c?
20 ZS278 v Biiaon [ M ok C6 — s
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s KsoatA Q@ T
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D3 :.L_aov R3 R9
25278 c2 22 3k
4<} S,
TN
| TR1
ZTX500
R2
D4
25278 mD
3l
L

Fig.7 OV to 12V, 1A power supply

0V to 12V, 1A Power Supply

Thecircuit of Fig.7 provides a continuously variable, highly
stable voltage for load currents up to 1A. The output voltage
is given by:

(VRS + VR6)
Vo= — R4 VREF

o

and is controlled by VR5 and VR6 which should be high
quality components (preferably wire wound).

The emitter follower stages TR1 and TR2 buffer the
bias and reference from the output stages. The negative
rail allows the output to operate down to OV.

The current limit stage monitors output current through
R15. As the potential across R15 increases due to load
current, TR4 conducts and supplies base current for TR3,
thus diverting part of the output from the ZN424P via TR3
to TRS.

Shaping is achieved by the network C5, R8 together
with the output decoupling capacitors which also maintain

low output resistance at frequencies above 100kHz.
The power supply has the following performace
characteristics:

Output noise and ripple (full load) <100uV rms
Output resistance (0 to 1A) TMQ
Temperature coefficient + 100ppm/°C

Variable 100mA to 2A Current Source

Inthe circuit of Fig.8 the output currentis set by the resistor
R in the collector of TR2, which may be switched to offer a
range of output currents from 100mA to 2A with fine control by
means of VR3 which varies the reference voltage to the non-
inverting input of the ZN424P.

The feedback path from the output to the inverting input of
the ZN424P maintains a constant voltage across R, equal to
(Vee - V,y) and hence a constant current to the load given by

VvV, /R.

cc” ViIN
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ZN423

20V MAX
—O 6v MIN
os| {R]| |R{ [R-———— A |10
R2 - C3 RN
680 - \ !
" SET
ZNa23 :—1 ) CURRENT
b c2
@ T
de
~= 1004
40 VR3
500
VIN
TR2
2N305S
R1
1.8k O+
FSUD U o~

Fig.8 Variable current sources
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DS3025 - 2.1
2.45V PRECISION REFERENCE REGULATOR
The ZN458 is a monolithic integrated circuit providing a
precise stable reference source of 2.45V in a two lead pack-
age without the need for an external shaping capacitor.
+VE -VE
FEATURES
B Guaranteed 5mV Maximum Deviation over Full
Temperature Range
W Low Temperature Coefficient 0.003%/°C
M Low Slope Resistance - 0.1 Ohms cM2
W Very Good Long Term Stability - 10ppm
W Low Noise - 10 microvolts Fig.1 Pin connection - bottom view
M Internally Shaped
W Tight Tolerance £1.43%
M Two Pin Package
V.
M Wide Operating Current 2-120mA S
_Vs - VRer
" IReF R
ABSOLUTE MAXIMUM RATINGS :' """ s=s===" '; v
Dissipation 300mW ' +VE REF
Operating temperature range -20°C to +70°C I '
1
Storage temperature range -55°C to +150°C : 1
1 1
1 ’ !
ORDERING INFORMATION 1 BAND ]
GAP
Device TC Temperature : REFERENCE :
(ppm/°C) range l VE
! O GND
ZN458 99 -20°C to +70°C U |
ZN458A 49 -20°C to +70°C
ZN458B 29 -20°C o +70°C Fig.2 Circuit diagram
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ZN458

ELECTRICAL CHARACTERISTICS (at T, , = 25°C unless otherwise specified)

Parameter Symbol Min. Typ. Max. Units Test conditions

Output voltage Veer 2.42 2.45 2.49 \Y Measured at 2mA
Slope resistance Reer - 0.1 0.2 Q
Reference current lnee 2.0 - 120 mA
Maximum change  ZN458 - 10 22 mV
in Vg ZN458A AV, - 6 1 mV -20 t0 +70°C

ZN458B - 4 6.5
RMS noise voltage 1Hz-10kHz - 10 - Yy
Ve drift at 70°C - +10 - ppm/1000

hours
10

N

£

£

C

w

S

é IREF = 2m. \//

S0

) y 4

3 1 =20m,

g - REF = >

v
4
0.1 ':—/
01 1.0 10 100
FREQUENCY (kHz)

Fig.3 Dynamic impedance
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GEC PLESSEY
V. TSR

[N

3028-2.1

SP1648

ECL OSCILLATOR

The SP1648 is an emitter-coupled oscillator,
constructed on a single monolithic silicon chip. Output levels
are compatible with ECL Ill logic levels. The oscillator
requires an external parallel tank circuit consisting of an
inductor (L) and capacitor (C).

A varactor diode may be incorporated into the tank
circuit to provide a voltage variable input for the oscillator
(VCO). The device may also be used in phase locked loops
and many other applications requiring a fixed or variable
frequency clock source of high spectral purity.

The SP1648 may be operated from a +5.0V dc supply
or a -5.2V dc supply, depending upon system requirements.

Operating temperature range: 0°C to +75°C (Plastic)
GND PINS SUPPLY PINS
+5.0V dc 6,7 23
-5.2V dc 23 67

[ Supply voltage

ORDERING INFORMATION
SP1648 MP (Industrial - Miniature Plastic Package)

[T BIAS POINT
] Vee2
M Ves?
[T] AGC

TANK 10
Vec?
Vel

OUTPUT 4

N @

2
SP1648
3

o o

MP8

Fig.1 Pin connections (not to scale) - top view

ABSOLUTE MAXIMUM RATINGS

Power supply voltage Vg - Veg +8.0V

Output source current<40mA )

AGC input Vcc to VEE

Storage temperature range-55°C to +150°C (Plastic)
Operating junction temperature MP<150°C

VcTcg ch‘la
[j [] {Tmo D D ™
D dm,, — TR TR |3 outpur
L --——([mz J,>m¢
TR14 {?13 ’) \TRS
L/ ) ™
TRE
oz TR i
1 o
] [ U |J o [ U SRR L
l 6 ds o1 05 v 17
VEE1 BIAS POINT TANK AGC EE2

Fig.2 Circuit diagram
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SP1648

ELECTRICAL CHARACTERISTICS
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SP1648

B.W. = 10kHz

Center Frequency = 100MHz
Scan Width = 50kHz/div
Vertical Scale = 10dB/div

€ =3.0TO 35pF

*The 12000 resistor and the scope termination
impedance constitute a 25:1 attenuator probe.

Fig.3 Spectral purity of signal at output

OPERATING CHARACTERISTICS

Fig.2 illustrates the circuit schematic for the SP1648.
The oscillator incorporates positive feedback by coupling the
base of transistor TR7 to the collector of TR8. An automatic
gain control (AGC) is incorporated to limit the current through
the emitter-coupled pair of transistors (TR7 and TR8) and
allow optimum frequency response of the oscillator.

In order to maintain the high Q of the oscillator, and
provide high spectral purity at the output, a cascode
transistor (TR4) is used to translate from the emitter follower
(TR5) to the output differential pair TR2 and TR3. TR2 and
TR3, in conjunction with output transistor TR1, provide a
highly buffered output which produces a square wave.
Transistors TR10 through TR14 provide this bias drive for
the oscillator and output buffer. Fig.3 indicates the high
spectral purity of the oscillator output.

5002 SCOPE
INPUT

Vee

*Use high impedance probe (>1.0MQ must be used).

** The 12000 resistor and the scope termination
impedance constitute a 25:1 attenuator probe.

*hk

Bypass only that supply opposite ground.

PRF = 10MHz ty
DUTY CYCLE (VDC) = i

Fig.4 Test circuit and waveforms
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SP1648

When operating the oscillator in the voltage controlled
mode (Fig.5), it should be noted that the cathode of the
varactor diode, (D) should be biased at least 2Vgg above
Vg (=1.4v for positive supply operation).

When the SP1648 is used with a constant dc voltage to
the varactor diode, the output frequency will vary slightly
because of internal noise. This variation is plotted versus
operating frequency in Fig.6.

Typical transfer characteristics for the oscillator in the

voltage controlled mode are shown in Figs.7, 8 and 9. Figs.7

and 9 show transfer characteristics employing only the Vin
capacitance of the varactor diode (plus the input capacitance 1 5
of the oscillator, 6pF typical). Fig.8 illustrates the oscillator T T

operating in a voltage controlled mode with the output
frequency range limited. This is achieved by adding a
capacitor in parallel with the tank circuit as shown. The 1kQ
resistor in Figs.7 and 8 is used to protect the varactor diode
during testing. It is not necessary as long as the dc input
voltage does not cause the diode to become forward biased.
The larger-valued resistor (51kQ2) in Fig.9 is required to
provide isolation for the high-impedance junctions of the two
varactor diodes.

Fig.5 The SP1648 operating in the voltage-controlled mode

The tuning range of the oscillator in the voltage Cg = shunt capacitance (input plus external
controlled mode may be calculated as: capacitance).
f e (max) + Ca Cp = varactor capacitance as a function of bias voltage.
max _D_(E{Z"‘_CS PR
i r(mm e Good RF and low-frequency by-passing is necessary on
min Cp (min) + Cs the power supply pins (see Fig.3).
9 Capacitors (C1 and C2 of Fig.5) should be used to by-
where fin = DS NN TN pass the AGC point and the VCO input (varactor diode),
2nVL(Cp (max) + Cg) guaranteeing only dc levels at these points.
]
@ 100
s VCC = 5.0V OSCILLATOR TANK COMPONENTS
z (CIRCUIT OF FIGURE 5)
] 1 T
B L1 MHz *] LH |
& ¥ 1010 | mv2115 | 100
410 10-60 | MV2115 | 23
> 60100 | MV2106 | 0.15
2
w
2
o
&
w10
3 10 100
1. OPERATING FREQUENCY (MHz) SIGNAL GENERATOR
HP608
20Kz ABOVE SP1648 FREQUENCY ——_ | OR EQUIV
300mV
BW = 1.0kHz
SP1648 DUCT FREQUENCY VOLTMASTER
UNDER TEST ArTENUATOR[10MY gg?scroa Z0KHE | ETER HP3400A || RMS
sp16a OR EQUIV HP3400A OR EQUIV
FREQUENCY (f)
FREQUENCY DEVIATION = {HP5210A OUTPUT VOLTAGE) (FULL SCALE FREQUENCY)
1.0VOLT
Note: Any frequency deviation caused by the signal generator and SP1648 power
supply should be determined and minimised prior to testing.

Fig.6 Frequency deviation test circuit
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8.0
0 10 20 30 40 50 60 70 80 90 10
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Fig.7
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fv Vin oot =veez = +5Vde
> 16 VEE1 = VEE2 = Gnd
2 s
3 1 il
<] 7
E 3 Va
E 12
p=]
E 1"
o 1
§ 9.0 ~ T Sy IO.Iu
- M = -
10 20 30 40 50 60 70 80 80 10
Vin INPUT VOLTAGE (VOLTS)
Fig.8
190
Fwo
10 VCC1 = VCC2 = +5V de
< 160 VEE1 = VEE2 = Gnd
B 150 ,/
& 10 // _______
3 130 1200
w 120
£ 110 V4 Tout
§ 100 //
E s e L o
O 72 v 1 sim‘,
3w - I
b =
0 10 20 30 40 50 60 7.0 80 90 10

Vin INPUT VOLTAGE (VOLTS)

Fig.9
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SP1648

For output frequency operation between 1MHz and
50MHz a 0.1uF capacitor is sufficient for C1 and C2. At
higher frequencies, smaller values of capacitance should be
used; at lower frequencies, larger values of capacitance. At
higher frequencies the value of bypass capacitors depends
directly upon the physical layout of the system. All by-
passing should be as close to the package pins as possible
to minimise unwanted lead inductance.

The peak-to-peak swing of the tank circuit is set
internally by the AGC circuitry. Since voltage swing of the
tank circuit provides the drive for the output buffer, the AGC

200

potential directly affects the output waveform. If it is desired
to have a sine wave at the output of the SP1648, a series
resistor is tied from the AGC point to the most negative
power potential (ground if +5.0V supply is used, -5.2V if a
negative supply is used).

At frequencies above 100MHz typ. it may be necessary
to increase the tank circuit peak-to-peak voltage in order to
maintain a square wave at the output of the SP1648. This is
accomplished by attaching a series resistor (1kQ minimum)
from the AGC to the most positive power potential (+5.0V if a
+5.0V supply is used, ground if a -5.2V supply is used).
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Data Converters

AN177

DIGITAL TO ANALOG CONVERTERS

Adigital to analog converter (DAC) is a device which converts a digital data input into a corresponding analog output.

This output takes the form of a voltage or current.

IDEAL OUTPUT CHARACTERISTICS

If a unipolar voltage output and nominal binary coding are
assumed, then the ideal transfer function of a linear DAC may
be written as:

Vo, =V, (B.27+B,224 B 2%+ . ...
+B,.27)

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
avalue of "1 or'0". the number of bit inputs a DAC possesses
is known as the resolution of the converter.

The smallest increment if output voltage is that contributed by
the LSB and is equal to V_.2™.

Theterms'MSB','LSB'etc., arefrequently used interchangeably
to describe either the digital input or the corresponding analog
output.

The maximum output from a DAC is known as full-scale output
(%

FSO)'

It occurs when all inputs are '1* and is equal to

Ve (_@2_”1)_) For example the maximum output of a
3-bit DAC is 7/, V.

The transfer function graph of an ideal 3-bit DAC is shown in

Fig.1. For each of the 8 input codes there exists a discrete
analog output level, represented by a point on the graph. It

F.S.

™|~

F.S

F.S.+

~lw

®{wn

F.S. 4

OUTPUT

F.S.H

~—

F.S S

®|w

~l—

F.S ¥ —-

ANALOG
Y

T T T T T T
2 3 4 S 6 7

Fig.1 Transfer characteristics of ideal 3-bit DAC
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should be emphasised that the transfer characteristics 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 analog 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 occurina DAC. However,

such agraph is, strictly speaking, a plot of analog output vtime
rather than output v input code.

PRACTICAL DAC CIRCUITS

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

Each 2R element is connected either to OV or V¢ (V,..) 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.

VES (VREF) o—

ouTPUT

|
I
O VOLTS o -|¢

|
|
|
|
¢
BIT3(LSB)

|
]
]
|

b

BIT 1 (MSB)

Fig.2 3-bit voltage switching DAC

204



Forexample, it is fairly easy to see that if bit 1 is "1 and bit 2 and
3are'0'then anoutputof Vg, is produced. This isbecause the
resistance of the ladder looking from the output through the first
Ris 2R, which forms a 2:1 attenuator with the 2R is series with
the MSB switch. Output voltages for other input codes can
similarly by calculated, and it can be seen that the ladder may
be extended to any number of bits.

D-A PARAMETERS AND DEFINITIONS

Converter errors
The ideal DAC assumes that all the resistors are perfectly

AN177

matched and that the switches have zero resistance. In a
practical converter this will not be the case and.various errors
will occur in the output.

Monotonicity

When the input code of a DAC is increased in 1 LSB steps the
analog 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 Fig.3,
then the DAC is said to be non-monotonic.

FS. -
// //
4 7’
sy &
4 7/
4 /
/ ’
_ o R4 L
> OFFSET 7 . pid
a 4 y 4
5 ERROR - L
3 - 7 =
‘/ 7’ //
7,
® L e /' \
o y ’ -
-l 7z
g
7/
: GAIN
o ERROR
/’ 7 s,
4 ///'
y r 4
4
Vos e DIGITAL INPUT
0 8

Fig.3 Non-monotonic DAC
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Offset (zero error)

Assuming unipolar operation and normal binary coding, when
the input code is zero then the DAC outputs 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 be exist. This has the effect of shifting the
transter function so that it no longer passes through zero, as
shown in Fig.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 Fig.4. This error is known as gain error and is the
difference between the slope of the actual transfer
characteristics and the slope of the ideal transfer characteristics.

FS.
7
7/
e
d
7
7/
o
- 7
po] 7
2 s
p]
o it
7/
s
(L] Vd
S 7
3 AN
< £ NON -MONOTONIC
,/
7
4
L
d
)il DIGITAL INPUT
[ 8

Fig.4 llustrating

Linearity errors

Offset and gain error may be trimmed out so that the end points
of the transfer characteristics lie at zero and Visor However,
even when this has been done, some or all of the intermediate

206

offset and gain errors

points may not lieonthe 'ideal' line. These errors, which cannot
be trimmed out, are known as linearity errors.



Non-linearity (linearity error)

This is the maximum amount, given either as a percentage of
full-scale- or fraction of an LSB, by which any point on the
transfer characteristic deviates from the ideal straight line
passing through zero and V... Non-linearity is illustrated in
Fig.5. A linearity error within the range +'/,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 Fig.5.

Differential non-linearity
This is the maximum difference, specified as a fraction of an

AN177

LSB, between the actual and ideal size of any one LSB analog
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 it is smaller than nominal. If it is
more negative than -1LSB 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 Fig.5.

F.S

A
4
7
7
4
7
— 7
2 NON- . T
— I}
3 LNEARITY 4
T3 Lss ,7 DIFFERENTIAL
o NON-LINEARITY
S ;7 +3LS.B
< ” %
P4 e
L4 /
1
s 1LSB
’ B
d
7
r 4
/
i DIGITAL INPUT
0

Fig.5 lllustrating linearity errors
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Resolution

As stated earlier, the resolution of a DAC is simply the number
of bit inputs that a DAC possesses, which indicates the
smallest analog increment that the converter can produce as
a fraction of V.. e.g. 8 bits = 1 part in 2%(256). Resolution
implies nothing about the 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 -1.5LSB
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 aresolutionof n - 1 bits. Thisisillustrated in Fig.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 ot n- 2 bit usetul resolution. In applications
not requiring n - bit useful resolution these reduced resolution
versions offer a significant price advantage. The useful
resolution of GEC Plessey Semiconductors DACs is guaranteed
over their full operating temperature range.

F.S.

CHARACTERISTIC

WITH LS B
SET T0'0°
T T T

N4 e

Fig.6 Non-monotonic 3-bit DAC with useful resolution of 2 bits

208



Settling time

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

BIPOLAR OPERATION

The discussion so far has been concerned only with DACs
producing a single polarity (usually positive) output voltage. In

AN177

some applications a bipolar (both positive and negative) output
range may be required.

This can be achieved by adding a negative offset of YEE

to the analog output, as shown in Fig.7. For all input

codes where the MSB is ‘0" the output voltage is then negative,
and for output codes where the MSB is '1" the output voltage is
positive. Where the input coding is normally binary but the

. "VREF
outputvoltage is offset by
to as offset binary.

thentheinput codeis referred

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

OUTPUT
———o

[o, >

FROM

DAC

OUTPUT [1”3
ov

Fig.7 Bipolar operation of a DAC
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Fig.8 Bipolar operation of a 3-bit DAC




ANALOG TO DIGITAL CONVERTERS

AN177

An analog to digital converter (ADC) is a device which converts an analog input into a corresponding digital output

code.

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

Vi (B,2" +B,2%+ B,2%+ . ... +B 2" =V, +/,LSB.

®iw 4

i+

F.S

®in +
~ed

®iv 4

Fig.9 Ideal 3-bit ADC transfer characteristics

Thetransfer function of an ideal 3-bit ADC is shown in Fig.9. In
this case there are 8 digital output codes corresponding to the
8 input codes of a DAC. However, unlike the analog output of
a DAC, the analog input of an ADC can vary continuously,
which means that each digital output code, with the exception
of 0and 7, exists over an analog increment of 1LSB. The zero
of an ADC is usually trimmed so that the transitions between

codes occur +'/ LSB on either side of the nominal analog input
for aparticular code. For example, the nominal input for output
code 2is '/, V. Thetransition from 1 to 2 occurs at %VFS and
the transition from 2 to 3 occurs at %VFS.

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

211



AN177

PRACTICAL A-D CONVERSION METHODS

There are many methods of performing an analog to digital
conversion; all of these methods are used in the current range
A-D converters.

Parallel (flash) coversion

In an n-bit parallel converter (Fig.10) a resistor ladder is used
to generate 2" -1 voltage levels from 1LSB to (2" -1) x LSB
which are fed the reference inputs of 2"-1 voltage comparators.

the analog 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.

—oaim
—o
b--—<
Y
ENCODING
LoGic
o 8ITn

Fig.10 Parallel A-D converter
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Since the only delays involved in the conversion are the
propagation delay of one comparator plus 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.

Staircase and comparator . :
In this type of ADC the input code of a DAC is incremented by
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a binary counter to give a staircase waveform, as shown in
Fig.11. This is compared with the analog input and when the
staircase exceeds the analog 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-
D conversion is 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.

J U

VIN ?CLOCK
[o Sm—
, CONTROL| |, BIT COUNTER
END LOGIC .
OF i L OBIT
CONVERSION . 02
;H—"rr START e S B EEe)
CONVERSION Le|-l-]-]-~-0
STAIRCASE OUTPUT (i 0
FROM ADC L o
| : O
| I ——0 BITn
<+ n-BIT DAC

Fig.11 Staircase (ramp) and compare ADC
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Tracking converters

As its name implies, a tracking converter can follow changing
analog 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 Fig.12.
when the DAC output is less than the analog input the
comparator instructs the counter to count up and the DAC
output thus increases. If the DAC output is greater than the
analog inputthe comparator causes the counter to count down,
thus decreasing the DAC output. When the DAC output is

equal to the analog input +'/,LSB, the input is within the
‘window' of the comparator and the counter is stopped. This is
illustratedin Fig.13. Atracking 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. Inthe case of a tracking converter, once
it has performed an initial conversion starting from zero, any
subsequent conversion require only that number of clock
pluses necessary to track any increase or decrease in input
voltage.

OAC OUTPUT
TRACKING INPUT
SIGNAL

U

jCLOCK

n-BIT UP-DOWN

COUNTER

.
'

:

:

-

.

A e]---o
!

v

i

|

L BITn

. = e

e s I N B

n - BIT DAC

Fig.12 Tracking ADC

As an extreme example consider an analog input that change
fromV_  to (V ., -1LSB). The staircase and compare converter
will require 2" - 1 clock pulses for the first conversion and 2" -

2 clock pulses for the second conversion.
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The tracking converter on the other hand, will require 2n -1
clock pulses forthe first conversion but only one clock pulse for
the second conversion. This is illustrated in Fig.14.
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Fig.14 Comparsion of ramp and compare and tracking ADC
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In general it can be said that a tracking converter will follow
signals whose rate of change is less than +1LSB x clock
frequency. If this condition is met there is no need to use a
sample-and-hold circuit on the analog input.

Atracking technique is used in the ZN433 series of converters.

Successive approximation converters

The operation of a staircase and 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. Nextthe 4 gramme weight is tried and discarded, and the
2and 1 gramme weights are tried and retained. Thefinal 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
tothe analoginput. Ifitis greaterthanthe inputthe MSB is reset
to'0', otherwise it is left at'1". The next bit is then setto'1' and
the DAC output is again compared to the analog 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 code to the DAC is the output code of the
ADC. Asuccessive approximation cycle is llustrated in Fig.15.

OUTPUT OF

ADC's DAC
16

ADC OUTPUT CODE

ANALOG INPUT

+ + +
+

1 2 3

H

—_—
CLOCK PULSE
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Fig.15 Operation of a successive approximation ADC




The successive approximationtechnique is used in most of the
GEC Plessey Semiconductors data converters that operate
below video speeds.

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

A block diagram of a dual-slope converter is shown in Fig.16.

AN177

It operates in the following manner: Switch St is closed by the
control logic, S4 is opened and the input voltage is integrated
for n clock periods, where n is usually the maximum count of
the counter. At the end of this time the integrator output

. Vin c
voltage, V, is -

shown in Fig.17.

where T_ is the clock period. This is

-VRer VIN *VREF

S3\ S\ S2\+----- ¢-------
S4L(RESET)
e ] 1

CONTROL [*

LOGIC COUNTER

i CLOCK

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 0V, when the

comparator output changes state and the counter is stopped.
Since the integration is over the same voltage range (V,),

_ 'VREF X Tc
° RC
integrator output crosses zero.

V , where X is the count reached by the time the

217



AN177

INTEGRATION
| OF UNKNOWN vy

+e— INTEGRATION OF VRgf —=

VoT

INCREASING ?

\

o— YIN=VREF

AN

N
A\

0 +
nTe nTc
Fig.17 Operation of dual-slope ADC
Thus factors affecting the accuaracy of the converter are (1), the
stability of V. (2) the stability of the 'on’ resistance of S1to S3
Vinn Tc VREF X Tc .., REF =0

‘In?C = — and (3) drift in the integrator and comparator op-amps. These

affects can be minimised by careful design.
orX = — Dual-slope converters are generally used where high resolution

v

REF

Since nand V. are both fixed the output count is proportional
totheinput voltage. Since boththefirstand 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
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and low cost are more important than speed, for example in
digital voltmeters.

The ZNA216 is a DVM logic sub-system containing the clock,
counterand allcontrol logic necessary for dual-slope converter
or DVM.



A-D PARAMETERS AND DEFINITIONS

A-D converter errors

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

Quantising error (uncertainty)

Quantising errror is an ADC specification thathas no counterpart
in DAC specifications. For each input code of a DAC there is
aunique analog outputlevel, butforany ADC output code there
is a 1LSB range of analog input levels. It is thus not possible
totellfromthe output code the precise value ofthe analog level,
there being a quantising error or uncertainly of +'/,LSB. Since
all ADCs have this inherent quantising error the parameter is
frequently not quoted in specifications.

AN177

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 Fig.18. The reference
DAC exhibits non-monotonicity atinput code 4, i.e. step4 of the
staircase decreases. Thereis thus no way in whichthe counter
can be stopped at this code. If the analog input is less than the
DAC output for code 3thenthe comparatorwill stopthe counter
before 4 is reached. If the analog input is greater than output
3 it must also be greater than output 4, so the comparator will
not change state at code 4.

Ves
+
-
po}
a
+5
o
0
[e] ;
-
T3 NON - MONOTONIC
<
! 1
2Ls8 o
IGITAL INPUT
ZERO
H fm—————t + t t +
OFFSET ¢ 8

Fig.18 Non-monotonic DAC used in an ADC
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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 Fig.19.
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Fig.19 ADC with missing code

Zero transition
As explained earlier, the zero of an ADC is usually trimmed so
that the output transition from 0 to 1 occurs at an input level

\
corresponding to '/,LSB, i.e. 1/2 i—s . However, as supplied

the reference DAC of an ADC IC will not have the '7,LSB offset
necessary to achieve this. This zero transition will thus occur
at 1LSB plus the DAC zero error, plus the comparator offset
voltage. These three parameters are frequently lumpedtogether
as the (untrimmed) zero transition of the ADC.
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Gain error ‘

This is the difference between the slope of a line drawn
betweenthe 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 idealtransition
point. ltis specified as a percentage of full-scale or a fraction
of an LSB. A linearity error of less than +'/,LSB assures no
missing codes.



Differential non-linearity
This is the maximum difference between any 1LSB increment
of the analog input and the ideal size of an LSB increment

\gﬁ . Differential non-linearity of less than 1LSB guarantees

no missing codes.

Resolution

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

Useful resolution

Useful resolution is the resolution (number of bits) at which an
ADC has no missing codes, which for GEC Plessey
Semiconductors ADCs are 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.

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

BIPOLAR OPERATION
As with a DAC, an ADC may be used for bipolar operation.
Taking the ZN427 as an example the input is offset by+_V2“_EF

so that the input voltage presented to the ADC is always

'VREF

> -

positive, even with negative input voltages down to

The principle of offsetting an ADC input is illustrated in Fig.20,
whilst the transfer function of a 3-bit bipolar ADC is shown in
Fig.21. In this case the output coding is known as offset
binary.
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Fig.21 Bipolar transfer characteristics of an ADC
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EVALUATION AND COMPARISON OF HIGH SPEED ADCs

High speed ADCs are used in many varieties of applications; each application may require special consideration of
one or more particular parameters. For example, designers of video (radar or TV) would pay particular attention to
differential linearity, whereas designers using the ADC for measurement systems would need to pay attention to integral
linearity. Other systems may need accurate information on analog power bandwidth or bit error rate.

Specification requirements therefore differ from application to application, and this can make comparisons of ADCs
difficult. Outlined below are important tests and evaluation methods, starting with the most simple and progressing to

the more sophisticated.

ADC evaluation falls into two main groups: the first group utilises high speed digital-to—analog converters to
reconstruct the digital output into an analog form that can then be displayed on an oscilloscope. The second group of
methods looks directly at the digital data. This requires a high speed logic analyser and usually a GPIB compatible desk

top computer.

TESTS USING DAC RECONSTRUCTION

Method 1, Low Speed Ramp (Fig.1)

This test is very simple. A linear full scale triangular wave
(orramp) is applied to the ADC input, at a frequency thatis less
than fo ock/(2x2N), where N=number of bits. This ensures
that all the timing intervals are displayed. The output from the
ADC is then reconstructed with a DAC which should have a
greater resolution than the ADC to ensure that all output codes
are displayed. The results can then be viewed on a good high
resolution oscilloscope.

The resultant staircase has vertical voltages that are due to
the DAC and horizontal time intervals that are due to the ADC.
Therefore any vertical errors can be ignored as they are due
to the DAC alone. The horizontal time intervals can be viewed
in more detail by using the oscilloscope to invert and add the
input signal. The remainder will be the quantisation noise. The
error will be 1 LSB high £ an LSB. Beware of ‘scope input
overload and the delay between the two signals when using
this method.

A major point of interest on this reconstructed ramp is the
mid-step or zero crossing where a large differential error or
high speed group of glitches can occur. This is a common
problem with many ADCs as the digital section of the ADC is
changing from 10000000 to 01111111. All the binary outputs
are changing at once and hence large current spikes can
result.

Another cause of zero crossing error is four stage design.
Within most 8-bit flash ADCs the reference chain and/or the
comparators are split into four ranks. The device can then
behave as four 6-bit devices. This can give poor differential
steps at seven critical codes along this ramp.

Reference Voltage Considerations

The overall accuracy of the staircase will be mostly
proportional to the reference voltage. This is because the
internal comparator offsets will remain constant while the bit
size will vary proportionally to the external reference voltage.
Therefore it is important to consider the reference voltage
before making comparisons between ADC linearity figures.
Disadvantages of the ramp method are (a) itis difficult to obtain
numerical results — although this can be achieved using a

Tektronix 7854 scope — and (b) this test does not reflect the
accuracy at speed.

Method 2. Near Nyquist Beat (Fig. 2)

The Nyquist frequency is exactly one half the clock
frequency. If a sinewave analog input is set close to this
frequency in an unfiltered system, a beat will result. The beat
frequency will be

fg = |f—2c — ful (8MHz in Fig . 2)

)a
/

il

"4

/

/1

Fig. 1 ADC linearity. 1kHz ramp input sampled at 100MHz
(2V I/P to ADC)

This test is primarily for evaluation of analog bandwidth.
The comparators acquire the input voltages at each end of the
input dynamic range on successive samples. An ADC thatcan
slew both positively and negatively fast enough to produce an
undistorted sinewave beat contains an extremely fast
comparator section. Disadvantages of this method are (a)
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again it is difficult to produce a numerical value of merit. (b)
scope triggering is delicate and (c) DAC overshoot can cloud
the results.

Fig. 2 ADC near Nyquist beat. 47MHz input sampled at
100MHz, 2V I/P to ADC

TESTS USING DIRECT DIGITAL ANALYSIS

This group of tests is performed by acquiring the digital data
directly from the ADC. The data is usually acquired by a high
speed logic analyser and then transferred to a desk-top
computer for analysis. The ADC is usually driven with a
sinewave of full amplitude. The following gives the more
popular methods of analysing and plotting the data. It is
essential with all the following methods that the input is set to
precisely full scale.
Most of the methods below benefit from phase locked
sampling (stationary sampling). In most cases this enables the
number of samples taken to be greatly reduced, therefore
improving test/evaluation times.

Method 1. Histogram Test (Fig.3)

This test plots the output code against occupancy of the
code. A histogram is produced that should theoretically form
a sinewave cusp. Deviations from this cusp will represent
differential and integral linearity errors. A differential error
would weight the probability of a code being occupied, either
more or less than it should be over a large number of samples.
This distorts the cusp in a positive or negative direction at the
code in question. The advantage of this test is that it will
indicate the dynamic accuracy of the ADC, i.e. the accuracy to
input frequencies up to Nyquist. This is of course not practical
using a DAC and oscilloscope. The disadvantages of this
method are that (a) it requires a large number of samples and
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(b) as a cusp is formed, direct reading of linearity from the
curve is difficult.

498

OCCUPANCY

WL o rym n T

CODE

Fig. 3 Histogram test at 30MHz input

Method 2. Non-linearity in LSB (Fig. 4)

This test is almost identical to the histogram method. The
same data can be used within the desk—top computer. Again
alarge numer of samples are taken and again the occupancy
of each code is plotted. The subtle difference is that a sin™!
weighting is applied to the results which removes the cusp.
The linearity is then plotted:

1 (Actual Probability) )
(sin—1 Weighted Probability)
As the cusp has been removed, the resulting graph shows
at a glance differential non-linearity in terms of LSB. This test

can also be performed up to Nyquist limits. Disadvantages are
that random errors are averaged out.

31

=1

1 256
CODE

Fig. 4 Differential non—linearity in LSB

Method 3. Accumulation Error (Fig. 5)

Again, this test can be performed from the initial data. The
datais processedto give a graph of integral linearity which can
be expressed in two main ways — ‘end point’ or ‘best fit'. The
‘best fit’ method allows the points to be compared with a line



drawn through the average of the results. The ‘end point’
method is more severe as the line is defined by the end points
of the results. From fig.5 we could quote an integral linearity of
+0.5LSB for ‘best fit' but only 4-0.75 LSB for ‘end point'.
Therefore it is very important to know which method has been
used before comparing integral linearity figures.

To form the graph a statistical method is used with many
samples taken. The results are corrected for the sinewave
cusp and a graph plotted of levels against deviation from the
previously defined straight line. This method can also be
performed at frequencies up to Nyquist Fig. 6 shows a plot of
end point integral linearity at near Nyquist frequencies for a
typical 8-bit flash ADC. As this test represents the total
deviation from a theoretically perfect ADC it is a very useful
measurement. It also gives a clear representation of distortion
caused by the quantising system.

+1

-1

CODE

Fig. 5 Accumulation error (integral)
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Fig. 6 Accumulation error at 30MHz

Method 4. Sinewave Curve Fit.

This test is similar again in that the data acquired by a logic
analyser is processed by a desk—top computer. The computer
generates theoretically perfect sinewave data, from which the
actual ADC information, contained in the logic analyser, is
subtracted. The data for the perfect ADC is produced by curve
fitting: the Least Squares method is usually used to minimise
the error between the actual and theoretical data. A
theoretically perfect digitised sinewave which has exactly the
same amplitude, frequency and phase as the actual data is
required. The remaining difference between these groups of
data now represents not only differential and integral linearity
but also noise and aperture uncertainty effects. The
disadvantages of the method are that (a) the programming
must be very precise, (b) DC offset errors are ignored.

Method 5. Fast Fourier Transform

The fast Fourier transform (FFT) is simply a numericai
method for conversion from the time domain to frequency
domain. The method is based on the fact that any waveform
can be constructed from a number of discrete pure sinewaves
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of different frequencies and amplitudes.These frequencies
can then be plotted to give the spectrum of the signal.

Two methods are used for acquiring the data. The first and
most popular, as in the previous methods uses a logic
analyser, which transfers the data to a desk—top computer for
FFT calculations. The second method (usually using a
waveform analyser) uses a DAC to reconstruct the data which
is digitised and sent to the computer for FFT. The spectral
information from this method contains DAC distortions within
the results. This can be an advantage if a complete system is
to be analysed.

The FFT contains not only linearity information but also
other errors that deteriorate the signal-to—noise ratio.
Linearity errors cause sidebands to be produced in the
frequency domain and so measurement and analysis of the
system can be performed in great detail.

The disadvantages of the FFT method are (a) itis important
to choose the input frequency to avoid coincidence between
the fundamental and harmonics reflected back into the
baseband by the sampling technique, (b) the input signal has
to be exceptionally pure with very low harmonic content.

Choice of Tests

To form a good general assessment of a high speed ADC
itis necessary to perform the DAC reconstruction tests as they
not only show any gross problems with minimal effort, but also
give a clear picture of any gross problems with the analog
bandwidth and slewing performance of the ADC.

For an evaluation and experimentation system the
accumulation methods give a clear picture of performance but
for a test system the sinewave curve fit or FFT methods test
a wider range of parameters.

OTHER TEST AND CONSIDERATIONS

Aperture Uncertainty

Aperture uncertainty refers to the amount of jitter at the
instant the sample is taken. In other words the time taken
between one sample point and the next may not be exactly the
same in the following cycle. This uncertainty is usually in the
order of picoseconds and so measurement is incredibly
difficult. Aperture uncertainty is also found within the
comparator section of the ADC. The aperture uncertainty will
be increased if the comparators take slightly differing times to
respond to the sample request. The results from techniques
using stationary sampling are probably more than 20%
inaccurate at high frequency. The effects of aperture
uncertainty can also be masked by the phase jitter on the clock
signal used for the ADC.

Metastable States

This exotic term is used when discussing missing or
random data errors. There is a finite probability that when a
comparator is latched it is at balance. This in fact would be a
very rare event, as noise and hysteresis would tend to trip the
comparator within the time it is being latched. Nevertheless
figures as high as 1 missing sample in 10° have been quoted.

A balanced comparator would in fact cause an error within
the decode ROM and in many ADCs that causes an all ‘0’s
output code for that sample.

Mountain Climb Effect
The ‘mountains’ here are are in fact the spikes produced by
the fast edges of the clock. If they are not adequately removed
from the reference chain and analog input an interesting effect
occurs: as the clock edge speed is increased the
reconstructed output will show a DC shift, sometimes above
one LSB. This is due to the sample being taken at exactly the
same time as the sample edge disturbs the input signal. The
result is a ‘DC’ shift because they will always remain in phase.
Good layout using split grounds and good decoupling will
minimise this problem.
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Data Valid Time

This is an important and frequently ignored parameter. It is
simply the proportion of time that the output data is valid,
expressed as a percentage of the minimum clock period. If the
ADC has a maximum frequency of 100MHz i.e. a minimum
period of 10ns, a 70% data valid time indicates that the data
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would be valid for 7ns and could be acquired at any time within
this period. This isimportant as the shorter the time, the harder
it is to design the system. High cost can result if extra latches
and delay lines are needed to collect the data consistently
over the specified temperature range.
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HIGH SPEED ADC BIT ERROR RATE MEASUREMENT

This application note describes a system which can be used to measure the number of bit errors per second produced
by a high speed ADC. The technique can be used at low frequency or with full amplitude near Nyquist input conditions

(50MHz).

INTRODUCTION

It has been generally assumed that the only way to make
accurate ADC bit error rate measurement is to use a very large
high speed memory to capture vast amounts of data, then a
computer would be needed to sift through this data to find and
count the number of bit errors. This method becomes
impractical at very high data rates with today’s ADCs as the
size of high speed memory required to capture the data
becomes too large and costly.

The measurement technique described here needs neither
the computer or memory, yet it gives a readout of errors per
second in real time. This is achieved using standard lab
equipment.

BASIC THEORY OF THE TECHNIQUE

Before examining this system at near Nyquist input
frequency the explanation can be simplified by first describing
a low input frequency system. Then it can be shown how this
simple system can be modified to measure bit errors with a full
amplitude near Nyquist input.

Low Speed System

If the slew rate of the input signal to the ADC under test is
set to a very low frequency (say, f') it is certain that at a clock
frequency of f., at least one sample would be taken between
each of the comparators within the flash ADC. The resulting
reconstructed DAC output would then show all 2N levels.

¥ LSB = 10ns
——

1.5LSB

(N-1) (N) (N+1)
SAMPLES

Fig. 1

Iff'is calculated for a specific fcand N (number of bits) it can
be ensured that the data from the ADC will never change by
more than one LSB between any two successive samples.
See Fig.1.

Therefore, at the output of the ADC, (DATA N) — (DATA
(N-1)) < 1LSB.

This rule will only break down if a code error or a bit error
occurs. It will be discussed later how to count the resulting
error codes, but first to set up this system the value of f must
be calculated.

Calaculation of f’

From Fig 1 a general formula can be derived for f' in terms
of N, f; and the minimum differential linearity error (emin).

To do this must first be calculated the maximum rate of
change of voltage which gives one LSB change at the output
of the ADC, each time we take a sample.

The rate of change of the input is %

The voltage at the input for a 1 LSB change at the output is:
= —p—1 _N= i
4AV=Vp-p N 1N number of bits
Now to take into account the minimum differential linearity:
Vep-p

4V = W(emin)

At is simply lie. one clock cycle
¢

Vb - Vo —pfolem) ..

Therefore A_\t/ = 2’; — f (emin) N _c1 min (1)
1
fe

It is now possible to calculate the sinusoidal input
frequency f’ which gives this maximum rate of change of input
voltage.

INPUT SIGNAL
V p-p Sin wt
[} m 2
Vpp
Fig. 2

Tha mavimiim rata af ahanan af a cinawaua is whan ot — 0
T THaAiniuin raic vi vi IGIIHG Vi A OHIGWAVE 10 WIIGHT WL = vV,
m or 2m

. av . _

ie . when E(Vp — p sin wf) = o,m or2n

Now—g—:/Vp—psinwt= Vb — p o cos ot

Therefore as | cos wt| =1 for wt = 0, x or 2x, the maximum
rate of change must be given by:
Vp-pwx1
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Therefore (:i_‘t/ max = Vp — p 2nf -(2)
AV o =4V
Hence, when at max = A

The required conditions are satisified. ie. when equation (1)
= equation (2).

Vo-p fe (emin)
2N -1

Cancelling Vp—p and rearranging for f’ gives:

Vp — p 2nf

— fc(emin)
T 27(2N - 1) ~(®)
As we now have a general formula for the maximum input
frequency at which the ADC outputs only change by 1 LSB

\ﬁlg Bcan calculate f' for our 100Mhz 8-bit device (emin) = ¥2

f

¢ = 100MHz 0.5 LSB

The analoginput must therefore be setto less than 31.2kHz
to ensure that the output code only changes by 1 LSB or less
between each sample. A safety factor can be applied to this
frequency but we must not go too low as we need to measure
errors on as many levels as possible within each second
(20kHz is a suitable low frequency).

COUNTING THE BIT ERRORS

Before proceeding with any bit error measurement we must
first make sure that the device is not producing code errors.

This is easily done by viewing the reconstructed 20kHz
sinewave output on a scope. As code errors occur on every
cycle they are easily visible on an 8-bit device.

As stated previously, a bit error has occurred if the
difference between any two adjacent codes is greater than |
LSB. We can therefore detect the occurrence of any bit error
by subtracting data (N-1) from data N and then looking for a
result greater than one.

This system delays the 8 bits output by one clock cycle and
then sums this with the complement of the original data, thus
producing the difference between data N and data N—1. If the

8 _
2n(2 R LSB isignored the resulting 7 bits should remain at zero unless
100MHz 0. 5 a bit error occurs. Bit errors are detected by the OR gate.
Therefore f = ———&r=—— These pulses can then be counted using a frequency counter
yielding a result in errors per second.
f' = 31.2kHz
N N-1 (N-1)-N
¢ = 20kHz en aom
8 BIT 8
—— ADC
UNDER TEST
N TWOs N
fc = 100MHz COMPLEMENT Birs
o THROLV;BAWAV
7
1L e error 8ITs
COUNTER
Fig. 3
1 = 20kHz
8 BIT N D TYPE (N-1)
UNDER TEST it $ pacz o
fe = 100MHz N
pact e ss:zsgsx'r
12
1648 -h
SEE TEXT O Vout
RL
50
Vout = (I2- 1) Ry
Fig. 4
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Analog Technique scope trigger must be setto DC and normal with the time base
This analog technique is an alternative to the digital at about 100ns/div. : )
subtraction method. Digital subtraction can be very difficult at The system can be calibrated to look for bit errors greater
100MHz and above. (However it can be ideally suited to thana chosen number of bits. This is done by switching off the
production testing). The analog technique now described LSBs of DAC1 to produce the error amplitude above which bit
takes advantage of the very high speed latched DACs now errors are to be counted. The scope trigger is then set so that
available. These 200MHz or 400MHz DACs can be used to triggering is just lost. The LSBs can then be reintroduced into
reconstruct the data. The subtraction can than be performed DAC 1 and the errors counted on the counter as above. This
very simply by summing the true and inverse analog DAC technique is most useful when small code errors are present
output currents into a 50Q load (Fig 4). as these need to be ignored to measure the remaining bit
Vout will be a small error voltage signal 1 LSB h|gh unless errors.

of course a bit error,occurs in which case a pulse is produced
with an amplitude proportional to the erroneous code the error

has caused. The pulse will also be seen on the next cycle of Attenuators
the clock, due to the one cycle delay in the latch. On this These are placed in the path of the current flowing to the
second cycle a negative going voltage will be seen. summation resistor, and provide a cleaner signal on the

scope. This is due to the fact that most current output DACs
are very capacitance sensitive. The attenuators reduce the
F'i'l ——BIT ERROR amount of scope input capacitance seen by the DAC outputs.

The settling times of the DACs are therefore much improved.

TRIGGER LEVEL | HIGH SPEED INPUT BIT ERROR MEASURE-
i —‘f 10188 ERROR MENTS
. 1ons Measurement of Bit Error with Full Amplitude

near Nyquist Input Signals

The bit error rate of an ADC is not only dependant on the
N clock mark-to—space ratio and temperature, but also-on the
frequency of the analog input, and of course the input
amplitude.

The definitive test for bit errors W|th|n an ADC would

NOTE: This waveform can only be seen onanon storage scope with
full intensity on the scope and a very bad ADC in circuit, as it may

only trigger the scope 1-200 times per second. therefore be with a full amplitude near Nyquist input signal at
it maximum ambient temperature and 1:1 clock mark—to—space
Fig.5 ratio.
' This measurement can be achieved by adding a simple D
Counting these bit errors is very simple as most scopes type latch (Clocked at f./2) to the output of the ADC and again
produce a trigger output signal from the rear panel. This can we can follow the previous analog measurement technique to
be connected directly to a counter. The scope trigger level can measure the bit error rate, under high frequency input
be adjusted so that the normal 1 LSB error is ignored. The conditions.
T2
1c/2 = 20kHz
]
- UNDAE:cTEST LA?:: Ek?g's ﬂ;ﬁf_f, ]
fc = 100MHz o2
DAC1 —_—
AP9005 [o—1c/2 1 16dB
3
-— . Y
e LML 1608 " Vou
roes ep— 0 o
iatcHes e[ 1 50
The length of cable from each DAC to the load should be adjusted
for minimum glitches on Voy.

Fig.6
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r—10m OUTPUT FROM DAC1
DAC2 GIVES INVERSE

\ (‘WTM\P "(r-{'- /
(LA

20kHz ANALOG OUTPUT
v «— EXTRACTED FROM NEAR
NYQUIST BEAT BY
DIVISION
U U L K

] sy J

- g

a4l

W cLock 1o LateH 1 = 172 = sommz

Fig.6
D type latch 1 will now divide the output data. This means f fe,)
that every other data word is discarded. The reason for doing fa=2= — °+
what seems to be a waste of good output information is to 2 2m@@V-1)
extract the envelope from Nyquist beat pattern (see Fig. 7) Therefore fa = f 1= (emin) ..(4)
Ifthe analog input to this system is set correctly ('a) we can 2 7z (2N - 1)
again be confident that even though the input frequency is at Where: = clock frequency
near Nyquist, there will be only one LSB change at the output Il = number of bits
of the ADC, but this time on every other clock cycle. fa  =analog input frequency

(émin) = minimum differential error

The analog input frequency must be within f of nyquist
We can now determine this input frequency for the 100MHz 8-bit

f. device.
fa=2 % f
2 pa=1000H2 1 _ 8.5 — 49.9687MHz
In general the lower of the two resulting frequencies is chosen 7 )
f, The two analog waveforms from each DAC are summed in
fa= 3 = f R to produce the small 1 LSB error signal as before. The only
) . difference between this and the low speed test is that due to
VTV’I‘HG 9;23321' gﬁ’r%?\?lf‘sfg’gﬂgn"‘%a;ygquéfgéapgtcﬂfg‘i-‘l:e”c)’ that the fact that the ADC output was divided by 2. The displayed
P v ge every ycle is: error count must now be multiplied by 2.
fe
fa= -2- -f
[!i —— BIT ERROR
7 ‘f— LEVEL 1LSB OR MORE
DEPENDING ON THE BIT

il byt ACCURACY OF THE
DEVICE AT NYQUIST
INPUT FREQUENCY

Fig.8
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It is wise to add a small safety margin to this input
frequency, as some lesser products will show significant
deterioration of accuracy with input frequency. A frequency of
49.98MHz is a good standard for tests on 100MHz ADCs.

The results from the counter (connected to the trigger
outputs of the scope) will be in counts per second. As the total
number of operations per second is 108 (f; = 100MHz) a result
of 4 counts per second would be equal to 4 x 2in 108 ie. 8 in
108 bit errors.

It is possible when using the high speed technique to
simply switch the analog input from 49.98MHz to 20kHz to find
the low frequency error rate (don not forget to multiply the
result by x 2 if the division is not removed).

The system timing allows both the data capture time and
mark space ratio to be adjusted without affecting the
measurement technique. These adjustments can be made to
the system by connecting the HP8640 (used as a master
oscillator) to a HP8082 pulse generator. The HP8640 also
drives the divide by 2 circuit. The pulse genérator (HP8082)
drives the clock of the ADC via a fast comparator.

HP8082 ADRET
;'m: EX TRIGGER 49.98MHz

INPUT (-4dBm)

+2
] a
12 | ter2
LATCHES/DACs ETC.  COMPARATOR ANALOG INPUT TO

CLOCK INPUT TO ADC ADC

Fig. 9

EQUIPMENT AND SETTINGS FOR FULL NYQUIST
BEAT BIT ERROR RATE TEST
HP8640 or equivalent (master system clock)
+10dBm, 100.000MHz, AM = off, FM = off, RF = on.
HP8082 (clock conditioning for ADC, driven from 8640)

Ext trig, slope/polarity = pos, rate = 100m 10m ®

<= knob position
Pulse delay = 2n—5n (7§, Pulse width = 5n — 50n -©

Trans time = 1n — 5n /Q)Q , Amplitude (into 50Q) =1.0-

2.0 both, vernier = @ offset = on , use output (right)

neg pos = pos, normal = compl.
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ADRET or equivalent (analog input to ADC. Another
HP8640 could be used). 49.98MHz, —4.98MHz, 4dBm (adjust
to full amplitude reconstructed output)

Counter (to count triggers ie. bit errors from external trigger
out of scope). Philips M6671 was used with all buttons out
apart from power.

Measuring time = 1 second, hold off = 0, set to freq A, use A
. . N
input, trigger ( (/) Pushed in)

Scope (any 300MHz scope with trigger out), 5mV/DIV. AC
coupled (full BW), trig = normal DC —ve slope time base
100ns/div.

Power Supplies
+5V at 220mA, 5.2V at 1.52A, +12V at 108mA.

Attenuator
Two 50Q attenuators set to 16dB.

CONCLUDING REMARKS

We have shown that an accurate and consistent
measurement of bit errors can be achieved using general lab
equipment, two latches and a little ingenuity. This technique
can be used even when the ADC is performing under the most
severe input and clock conditions.

The major advantage of this method is that the result from
the counter is in real time. Therefore it is much easier to see
the effects of small parametric changes to the setup of the
ADC on the bit error rate result. This allows easy optimisation
of all the critical factors which effect the bit error rate within a
system.

Measurements have been performed. on standard
products versus competitive products to optimise GPS data
conversion products for the lowest bit errors. In general, GPS
products have performed better than the competitive products
at high analog input frequency and voltage. This is simply due
to the higher input analog bandwidth of these devices. This
extra speed yields comparators that can regenerate their full
output drive quickly. This in turn greatly reduces the probability
of metastable states, and therefore reduces the bit error rate,
under all conditions. When the mark-to—space ratio is
adjusted to give a longer period for the input comparators to
regenerate a full output, the bit error rate from the ADC is
improved still further, in all devices evaluated so far. The
optimum mark-to—space ratio was found to be 7ns — 3ns.

We realise the effects of bit errors on systems such as
digitised scopes, multi quadrant transmission systems, radar
systems, video printers etc. It is hoped that this application
note will provide a quick and effective method, for the
evaluation and comparison of this important device
parameter. '
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SP973T8 - An 8-Bit Wideband Flash ADC

with TTL Outputs

This Application Note covers both general ADC system
Design and practical circuit ideas to support the SP973T8
30MHz Flash TTL ADC.

DYNAMIC RANGE

Tha Aunamin ran~a A £ Amu flacah ANC Aan ha calailatad
ingé GynamiC range G any nass v Can O

very simply. As each extra bit causes a doubling of the number
of comparators used in the device input, this in turn causes a
two to one improvement in the dynamic range of the device. A
two to one improvement is 6dB, so if we multiply the number of
bits by 6, we get the approximate dynamic range of the device
in decibels.

This can be further refined by taking into account the shape
of the remaining quantisation noise produced by the ADC.
Theoretically this gives a constant 1.8dB improvement above
the 6 x N figure. However in any practical system we would
have a variation in the amplitude of the quantisation noise,
caused by the differential linearity error within the ADC.
Therefore an ADC with an accuracy of + '/, LSB will not have
the full 1.8 dB advantage. It can be shown that tor a+ '/, LSB
device an improvement of about 1.2 dB is seen.

Hence, for an ADC with N bits and + '/, LSB accuracy, the
theoretical maximum dynamic range is given by:-

6 x N + 1.2. For an 8- Bit device we have: 49.2dB

The Bitaccuracy of many ADCsfalls sharply withincreasing
analog input frequency; all GEC Plessey Semiconductors’
standard products are tested dynamically to avoid such
problems.

ANALOG INPUT

The SP973T8is ahigh speed flash ADC with awideband input.
Therefore the input circuitry is guaranteed not to slew rate limit
at high input frequency. This is very important when digitising
pulses or when high accuracy is required, up to the Nyquist
frequency limit.

The Nyquist limit is simply one half of the clock frequency,
and if any signal is applied to the ADC input above this limit it
will be reflected, by the clock, back into the passband of the
ADC. This effect is called aliasing.

Inmany systems anti-aliasingfilters are required to prevent
any high level inputs above fc /2.

ALIAS OF INPUT INPUT SIGNAL
SIGNAL ABOVE NYQUIST

1
AMPLITUDE | \I |‘/ I
@ ! fa

fc

NYQUIST '

LIMIT 1 /2
fa' = fo-ta

Fig.1
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FILTER | ow ALIAS AREA
AMPLITUDE 4 ———
A Y
o calculated | )
1 fc
/2
Fig.2

With many video ADCs on the market the analog bandwidth
of the input stage will produce slight distortion, and hence
produce intermodulation products which can be above the
Nyquistfrequency limit. With these ADCs restricting the analog
input bandwidths is largely ineffective, as it is the ADC itself
which causes signals above Nyquist to be generated.

These distortion effects would be difficult to determine from
the specification of the device, as they are difficult to test in
production. To make matters even worse, sometimes when
specifing signal to noise of a device the alias signals are
ignored.

Bit Accuracy

One parameter sometimes specified by manufacturers,
which will show the true bandwidth and quality of an ADC, is Bit
Accuracy. For any ADC to maintain + 1 LSB at near Nyquist
frequency requires an input stage with excellent bandwidth
and very low distortion. (see ‘near Nyquist beat’ test in
Application Note AN56; for further information)

To achieve this within the SP973T8 an input bandwidth of
over 80MHz was required; this maintains virtually ideal
characteristics within a 10MHz input bandwidth.

The high f, (7GHz) of WS process has made high input
bandwidths possibb on a device with similar and in most cases
lower power consumption than competitive products.

DRIVING THE INPUT CAPACITANCE

Notonly isitimportant to have low distortion within the ADC but
alsothe circuitdriving the ADC must show equivalent wideband
performance.

High speed flash 8-Bit ADCs have 255 comparators all
connected to the input. The SP973T8 is no exception, and
hence it has an input capacitance of about 40pF. This
capacitance is slightly voltage-dependent and therefore it is
important to provide a good quality low impedance drive for the
SP973T8.

GEC Plessey Semiconductors provides an op-amp with
the required performance: the SL541.



SL541

The SL541 is a bipolar device with high slew rate and
excellentpulse handling, plus very good overload performance.
The device has been used by many manufacturers as the op-
amp driver in ADC systems.

Onereason forthis is the provision for adjustable open loop
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gain. The open loop gain can be reduced by a single resistor
for stable operation at closed loop gain as low as unity.

The SP973T8 input requires a high current drive at high
frequency. Therefore it is advised that one of the GEC Plessey
Semiconductors range of high performance transistors is used
within the op-amp feedback loop (2N3904 or equivalent).

ANALOG
INPUT
(750hms)

OV or +12V

2N3904

SP97378 1P

e ol

0.42V

avr’ | oFFsET

5k

5.2V

NOTES
1. THE Vge OFTHE EXTERNAL TRANSISTOR IS
CANCELLED AS IT IS WITHIN THE FEEDBACK
LOOP.

2. R5 SETS THE OPEN LOOP GAIN.

3. RV1 AND RV2 ARE 10-TURN TRIMPOTS.

GAIN

220

RV2
1k

OTHER ADC DRIVERS

Another device of interest for ADC input driving is the
SL6140 400MHz Wideband Ampilifier. Although this device
may not have the current drive required for precision at high

ADC SUPPLY ( +5V)
Vee j_ 10n
= ADG
= POSITIVE
R REF
(+4 :W)
10n I 10 12
AGC
NPUT SL6140
= 1 T0 ADC
4 " INPUT
— 10n
—‘-Io— I o.1p
EE I
— NOTE:-
o SURFACE MOUNT
cc PACKAGE

Fig.4

Fig.3

speed, its AGC capabilities can be very useful in wide dynamic
range applications. The SL6140 has current sourced outputs
which require pull-up resistors. See also the ZN428 DAC for
AGC input control from a microprocessor.

CLOCK INPUT

The SP973T8 is specified as a 30MHz ADC. However, the
typical production device will perform adequately at clock
frequencies of over 50MHz with an input of up to 10MHz.

Unlike many ADCs the SP973T8 has an internal clock
amplifier and buffer. This amplifier has been introduced to
avoid one of the most difficult problems when using an ADC in
a system design: clock pickup. A fixed frequency at up to
30MHz with TTL type levels, would cause crosstalk resulting in
reduced performance (patterning on video slgnals, etc.)

The clock input has been designed so that both differential
or single ended drive can be used at low voltage levels. Pins
5and 6 can be used differentially and will accept standard ECL.
For single ended operation pin 6 can be decoupled to ground,
and pin 5 driven with a 1Vpeak to peak signal. Pin 6 will then
bias to +3.8V and can then be used to bias pin 5 through a
resistor for AC coupled clock applications. See Fig 5.
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CLOCK VP
0.1pF
b2 o
° 3 SP973T8
2,=500 7O 1k 6

NOTE: TTL CAN BE USED THROUGH
A SUITABLE ATTENUATOR, THUS:-

0.1pF!

L

1
o
|
I
|
1

Fig.5

REFERENCE VOLTAGES
The internal reference chain requires two DC voltages
applied to the top and bottom of the internal resistor ladder, as

shown in Fig 6.
VH ( PIN 12)
R1 A1 THROUGH R256 = 1.53Q
A2
I 256 RESISTORS
256 x 1.53Q = 3902 APPROX.
LJ
!
1
]
!
]

R256

VL (PIN 7)

Fig.6

The best differential linearity from any flash ADC is achieved
whenthe maximum reference voltage is appliedtothe reference
chain. This is because the offset voltages of each internal
comparator will remain constant, so increasing the reference
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voltage will improve the ratio of Bit size to offset voltage and
hence improve the overall accuracy. For the SP973T8:
VH Max = + 4.5V
VL Min =+ 1.9V
Therefore the recommended values for VH and VL are
VH = + 4.3V
VL =+23V
The tolerance on the reference chain’s absolute resistance
is about + 25% from batch to batch, therefore the current taken
by the reference chainforworstcase conditions is approximately
2V = 6.8mA
390-0.25x390
Using a reasonable safety factor 8mA worst case current
should be catered for.

SETTING THE REFERENCE VOLTAGES

Method 1
+ 5V
4.3V VHPIN 12
a1
1
R256
VLPIN7
RV
5000
ov
Fig.7

This is the simplest and least precise method. RV is
adjusted to maximum resistance then when power is applied
RV is decreased until VL = 2.3V.The diode will set VH to
approximately 4.3V. There are three main disadvantages with
this method. First, setup of RV is needed for each device,
second, the 2mV/°C of the diode will change the VH voltage
with temperature (over 100mV drift) and third, no supply line
regulation is provided.

Method 2

140
I— VHPIN 12 = 411 TO 4.46V
R1

L
i
e

R256

VL PIN7 = 245V

ZN404
VOLTAGE REFERENCE

Fig.8



This method is more temperature stable than method 1 and
requires no setup as long as a device batch to batch tolerance
on VH of 4.11 V to 4.46V can be tolerated.

Once again, no supply line regulation is provided using this
method. As the differential linearity of the SP973T8 is well
within the £0.5 LSB limit, the reduced reference voltage has
little or no effect (VH -VL = 1.85V)

Method 3 (precision reference voltages)

+ 7-HSV

Rg 10k
VH
+ OP-AMP PIN 12
R2 10k
2N3904 43v

DRS 10k
R4 1.8k

VR
GPS
REF 252

25V
Fig.9
VH = (R1 + R2) VR -----ormemeeea (1)
R2
VL = VR (R3 + R4) -VH R4 ------ (2)

R3

With R2 and R3 set to 10k. R1 can be calculated by re-
arranging equation (1):

R1 =R2 VH -R2
R

R4 can be calculated by re-arranging equation (2):

R4 = R3 (VR -VL
VH-VR

This method gives excellent supply line regulation and precise
voltage settings of VH and VL.

The temperature stability will also be excellent and will
depend primarily on the input offset with temperature variation
of the op-amps used.
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The only disadvantage with this method is that a separate
supply at least 2V above the ADC supply is required. This is a
consequence of the output high voltage from the op-amp (we
would require a + 5V output with the op-amp on a + 5V supply!)

SP973T8 OUTPUT DATA (see SP973T8 datasheet Fig. 4 for
typical test load)

The output levels are TTL compatible, and switch from 0OV
to +4V. The output drive is capable of providing a useful output
with 10pF loads at clock frequencies of over 120MHz.

The outputs are double latched which gives a very good
data valid time. This means that the data can be captured any
time within the clock cycle except the first 10ns (t ). The data
is clocked onto the output pins by the falling edge of the clock
signal. The typical system would therefore use the rising edge
ofthe clock to capture the data into RAM or directly into adigital
to analog converter (the GEC Plessey Semiconductors
MV95308 is a suitable complementary DAC).

SINGLE- SHOT OPERATION

To produce a single sample of an analog input the device
must be clocked twice. This is due to aone cycle delay inherent
within the device.

MID- REFERENCE

This is simply the centre of the reference chain bonded out
to pin 10 of the device. One ot its usesis to provide adecoupling
point which aids in the removal of digital noise from the
reference chain.

Another use istotrim the device integrallinearity in precision
measurement systems, as shown in Fig. 10.

+5V

12 r SP973T8

VHO-
R1

|8

! !
1 D8
| I
] : o7
[ I )
| R128 05
I3 Sk vAm g ! D4
20 TURN “‘:‘f
D3
0 | R129
= } D2
]
D1
[ "
|
] R2ss |
7 ' '
vio- 1 !
2 2p“—1—‘-‘ lOr_\I [P |
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Another and more common use of VRM is to provide a bias
inputfor AC coupled analog inputs, as shown in Fig. 11. Pin 10
is used to bias the analog input.

SP973T8

ANALOG
INPUT

Fig. 11

LAYOUT AND GROUND SYSTEM
The main objective when laying out the PCB, is to avoid
clock or data edges crosstalking into the analog input or onto
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the ADC references. This can be achieved most effectively by
the use of a split ground plane. One analog and one digital
ground plane connected together at one point close to the
device, is the most suitable approach.

Supply line decoupling is very important when dealing with
a mix of analog and digital signals. Low inductance capacitors
should be used located close to the device pins

HIGH FREOUENCY DIGITISATION

ADCs. Forexample, the SP97508 8-Bit 110MHz ADC has ECL
outputs and is also designed for wideband applications (refer
to Application Note ANG5).

SUMMARY

Finally, we hope that a clearer distinction has been made
between a standard video ADC and the wideband SP973T8.
Not only can a wideband device be used in quality video
systems, but also in pulse measurement equipment, digital
oscilloscopes, radar | and Q channel, video digitisation,
nucleonics collision ionisation pulse measurements - indeed,
any other system in which the performance of the equipment
is defined by the quality of the ADC.



GEC PLESSEY
(v conoucrons|

APPLICATION NOTE

AN183 1.0

ZN425E8 8-BIT A-D/D-A CONVERTER APPLICATIONS

1. INTRODUCTION

Digital to analog, (D-A), and analog to digital (A—D), conversion is a specialised field of electromcs It is useful to
consider first the general principles of such conversion techniques, and definitions commonly used in the general field

of A-D and D-A conversion.

The discussion is limited to 8-bit converters of a type similar to the ZN425ES8, illustrated in Fig. 1a.

Digital information, fed into the converter, normally as
parallel bits, generates an analog output corresponding to the
value of the binary code number entered at the input. Ignoring
errors for the moment, and assuming that the analog output is
a voltage, the output can be expressed as:

Binary input
Full — scale binary input

Vour = Vaunscate X

which, in the case of the ZN425E8 is

Binary input
Vou = Vi x —etf
The voltage output is obtained using a resistive ladder
network shown in Fig. 1b. Switches connect resistors within
the network either to the reference voltage or to the groundline
according to the state of the binary inputs controlling each
particular switch.

10k
ANALOG
Aop———C———1;7—0 ouThuT
(+0.2% PER °C)
+5V +5V
| | | o VREF
15k | 15k ) 15 INPUT
L LTTL L LTTL
BUFFER BUFFER
5 ls l7 ls lmln l12 13

[ o

BIT8 BIT 1

LSB MSB

Fig. 1a Basic 8-bit D-A converter
R(10kQ) R R PIN 14
_ ANALOG
OUTPUT
2R 2R
[
VREF
INPUT I_o é\ LO <IJ l_o & L7
0V o—
BIT8 BIT7 BIT 2 BIT 1

Fig. 1b The R-2R ladder network
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The block diagram of the ZN425E8 circuit is reproduced in
Fig.2.

The integrated circuit is fully monolothic. It contains a
resistive ladder network, a logic input select switch, voltage
switches, an internal reference and a counter. The D-A
reference may be connected to the internally generated

reference or to an external reference voltage. The inclusion of
a counter within the circuit considerably extends its
application. A ‘staircase’ waveform can be very simply
generated at the analog output by feeding a train of clock
pulses into the counter.

+Vee o
(] |, ANALOG
R - 2R LADDER OUTPUT
vace 3| f HEEEER f
REFERECE SWITCHES , 79 THEF
ov
7
BIT 80, BIT 1 MSB
BIT 7O 5 BIT2
BIT 6 O 15 BIT3
BIT5 0] (o BIT4
INPUT SELECT SWITCH I
SELECT JEBEDEDEBENENEN
(HIGH FOR COUNTERf2 [l I e B R
CLOCK o E Q8 g BIT BINARY COUNTER 1 I
| D ] 1 I I 1 COUNTER RESET]
-L “ 2 (LOW TO RESET)

Fig. 2 Block diagram of ZN425E8

The ZN425E8 system operation is outlined in Fig. 3. The
counter may be clocked by negative going inputs and reset by
applying ‘0’ level to the reset pin.

The digital inputs to the converter may be obtained either
from an external source when the ‘logic select’ pin is at logical

‘0’ or from the counter when it is set to logical ‘1’. In the latter
case the state of the counter appears at the digital input
terminals as ‘0’ or ‘1’ levels on open collectors with 15k pull
up resistors. In the D — A mode the digital input terminals may
be considered as low power TTL inputs.

v LTTL +5v ANALOG
15kq _ INPUT 15|k€2 14 OUTPUT
/\™" DTOAINPUT BUFFERS™
BIT6 0—— 04 a3 o BIT1MSB
BIT7 0 & 12 o BIT2
BIT6 O LA Ul o BIT3
BIT5 o 94 0 o BIT4
LOGIC _}2__ Ly Yy _1_:.—_0
SELECT ¢ / / <1
cLocK et 8 BIT CTR - 3 o Reser
© 1 ‘ | (0 = RESET)
Fig. 3 Outline ZN425E8 operation
1.1 DEFINITIONS STAIRCASE/RAMP

Various terms commonly used when discussing D — A and
A — D converter operation are defined below.

RESOLUTION

The resolution is determined by the number of digital
inputs, i.e. an 8-bit ADC, (digital to analog converter), is said
to have 8-bit resolution. No particular level of accuracy is
implied.

238

As the binary code is increased step by step, the analog
output also increases in discrete steps. If the input code
increases at a constant rate the resuiting output will be
staircase.

Since the number of discrete steps is normally large, e.g.
255 for 8 bits, the staircase is frequently termed a ramp,
though this is not strictly accurate.



MONOTONICITY

A DAC is said to be monotonic if an increase in the applied
binary coded digital number always produces an increase in
the analog output. Waveforms produced by a D-A ‘staircase’
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generator illustrated in Fig. 4a shows the effect on non
monotonicity.

A
0

= NON - MONOTONIC

DIGITAL INPUT

Fig. 4a Non monotonicity

IDEAL DAC OUTPUT

The ideal DAC output of a staircase generator is shown in
Fig. 4b.

The output is defined as a set of points on a straight line
between zero and full-scale. For an ideal 8-bit DAC.

n
Vour = 28— 1 X Vgs

where ‘n’ is the number represented by the digital
input.

For example
011011 00=2ggz5+23+22
=1

gives an output

='2%§XVFS vnul=%XVFS
and Vis = % X vREFinpul = %g% XV REFinput
Vou = ﬁ X VREF input
Aourt
Ves
<+—— ENLARGED
~ 1Isb STEP
0 255
Fig. 4b Ideal DAC output
LINEARITY ERROR
A DAC may deviate from the ideal as shown in Fig. 4c. The RELATIVE ACCURACY

erroris usually specified as amaximum deviation of the analog
outputfrom the ideal output, as a fraction of the least significant
bit'. The ZN425E8 has a linearity better than 42 LSB, and

; = 1 VES
VALSB = Vx5e2

The error expressed as a percentage of the full scale
voltage, Vg, is termed the relative accuracy.

The ZN425E8, an 8-bit converter with +%LSB linearity,
has a relative accuracy

of 3%6 x 100% i.e. approximately 0.2% accuracy
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Ao
Ves
< 4% Isb FOR FULL
ACCURACY
0 n
Fig. 4c Error definition
2. D-A/A-D CONVERTER SYSTEM
2.1 8-bit D-A and calibration procedure
The ZN425E8 gives an analog voltage output directly from (i) Set all bits to LOW and adjust R2 until V¢t = 0.000V
pin 14, so that the usual current to voltage converting amplifier
is not required. However, in order to buffer the resistive ladder (ii) Set all bits to HIGH and adjust R1 until V,,;; = nominal
output impedance, to remove the offset voltage and to full-scale reading — LSB
calibrate the converter a buffer amplifier is necessary. Fig 5 (iii Repeat (i) and (ii)

shows a typical scheme with the 741 as the buffer amplifier. e.g. Set F.S.R. to +3.840V -1LSB = 3.825V
The internal voltage reference source (VRgg out) is used, and

to minimise temperature drift the source resistance to the (ILSB = 3.8 SmV)
inverting input of the buffer amplifier should be approximately 256

6kQ. Calibration procedure is as follows:

\
0.22uF 0 +5
l SET ZERO
1~ R2 = 5kQ
—— 1
s
i ANALOG OUTPUT
BIT 8——-{ 5 6.8k
BIT 7—1] ¢
BIT6—1]| 7 SETF.S.R.
Ae R1=5kQ
U #
ZN425E8 D 18kQ
X
r
0 -5V

Fig. 5 8-bit DAC using 741 Op Amp
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2.2 8 bit A-D and calibration procedure

Fig. 6 shows the ZN425E8 in a counter type ADC which
comprises a comparator and a latch and requires an external
clock. Upon application of a convert command pulse (15us
minimum) the counter is set to zero and at the same time the
state of the latch is altered.

The gate is opened, enabling clock pulses to be fed to the
counter input (Pin 4) of the ZN425E8. The analog output of the
ZN425E8 begins to ramp up until its amplitude equals that of
the analog voltage at the non-inverting input of the
comparator. At this point the comparator changes state,
altering the latch to its initial resting state, thus inhibiting further
clock pulses. Hence the digital number stored in the
respective bits of the ZN425ES8 is a true representation of the
analog input voltage. The diode is included so that when the
comparator changes state, its output is effectively clamped at
zero (LOW).

Operating clock frequencies can be as high as 400kHz.
Improved results may be obtained by using narrow clock
pulses to avoid the trailing edge affecting ramp settling. At
frequencies above 100kHz a fast comparator should be used
for optimum linearity around zero.

The conversion time is dependent upon the anaiog input
and for full-scale reading (F.S.R.) is given by the clock period
multiplied by the number of counts.

If Fejock = 256kHz,

=2 -
Teonven = 3565107 Seconds = Ims
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The calibration procedure is as follows:
(i) Apply continuous CONVERT COMMAND PULSES

(i) Apply full-scale minus 1% LSB to analog input and adjust
F.S.R. pot until the converter LSB just switches between
0 and 1 with all other bits at 1.

(iii) Apply zero + %2 LSB to analog input and adjust zero pot
until the converter LSB just switches between 0 and 1 with
all other bits 0.

(iv) Repeat step (ii).
E.g. Full-scale = 4 volts.

_ Full — scale _ 4V _
ILSB = 56 256 = 15. 63mV

Input for zero setting =%2LSB = 7.82mV
Input for full-scale setting = 4V —114LSB = 3.97656 volts.

After conversion is complete the analog input is available from
the ZN425E8 in digital and analog form and therefore the ADC
may be used as a sample and hold with infinite hold time. The
convert command is replaced by a sample command.

A peak detect circuit may also be constructed using similar
techniques, and is described in section 3—-4.

—O0 +5V
1kQ 3311 a7k
Moco ﬁ =T
1——| b.220F SET ZERO
ffr 8], me
L—{l2 s FSR s .
s 1]l 13 ,fs
—{l+ []15kg -5V IN914
—ls 12
6 1 7] 14 2
|—[ 7 10 <L 7400 3
Ll T :
ZN425E8 13
8 BIT DIGITAL OUTPUT
ovo 11 3
12 6 o STROBE
3
o o
CLOCK CONVERT
COMMAND

Fig. 6 8-bit A-D converter

2.3 Bipolar operation

Previous circuits described have entailed the use of a
uni—polar buffer amplifier (e.g.741) following a DAC as a
means of removing the offset voltage, minimising temperature
drift and calibrating the DAC. A natural sequel to this is the
derivation of a bipolar buffer amplifier which fulfils these
conditions. This entails buffering the output of a DAC such that
the amplifier output from the buffer is symmetrical about zero.
To effect this, the conditions that have to be satisfied are:

(i) When the DAC output = Vrer (digital
2

input = 1000000) then the buffer amplifier output = zero.

(i) Gain can be easily selected and suitable resistor values
calculated. Actual gain and offset must be capable of fine
adjustment.
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The circuit of Fig. 7a was first devised as a possible solution.

Ra

Ry
VREF

Ao

Vout

Rq R2
VREF

R3
Vout

Ao

+

Fig. 7a Bipolar operation, starting point

= non—inverti =Rl
If Fy = non—inverting feedback return Rl + R2

Then Vour is given by:

and Fy = inverting feedback return =

Fig. 7b Bipolar operation, concept progression

R1
R2

Ag _V Rl +R2 R2 ;
Vour = F—;’ - % Ao (T) = Vegey €quation 1
_ Ve - - iafyi I ;
If Ag = - and R1 = R2 the Voyp =0 satisfying condition (i)
Vv -
= -However Gain (deﬁned as —[S—UI) = BI—%R—Z— = 2 and condition (ii) would not be
0

satisfied since adjusting R1 or R2 would upset the gain on offset. To
circuit

minimise these disadvantages therefore the

of Fig. 7b was devised using an additional resistance, with its Thevenin equivalent of Fig. 7c. Using equation 1 then

an expression for the output voltage VTt can be shown as:

R2(R1 + R3)
Vour = Ao[l *—Rirs | T Veer %

Veer
2

For Ag = (Condition (i)) then Vgyr = O

and R1 = i.e.Rl =

R2 R3
(R2 + R3)
Substituting this expression for R1

then Gain G = [1 + (&21%53-)} = [2 +

2R2]
R3

If we let say R2 = AR3 the G = 2(1 + A) and A = (%)

parallel combination of R2 and R3

R3 : R2
RqR3 Ra 0
VREF Rj R1+R3 =
R1+ R3 VouTt v
Ag REF R4 Vout
OFFSET CONTROL

Fig. 7c Thevenin equivalent of Fig. 7b

i.e.G = 2 from which R2=(9—2‘—2) R3

() o= (0

_ (R2R3
And RI = (R2 R) =

Furthermore the buffer amplifier input impedance =

RI1R2R3 — (G - 2) R3
RIR2 + R2R3 + RIR3 ~ | 2G

Fig. 7d Bipolar operation, control schematic

All the above expressions and relationships form a basis for development of the circuit of Fig. 7d whereby by defining a
certain gain (G) all ressitor values can be appropriately calaculated as illustrated.
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e.g.Let G =4, lhenRin=(%) R3=RT3
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If Ri, = 10kQ (the value required for minimum offset taking into consideration R of ZN425E8 DAC = 10kQ2) then R3 =

40KQ.
R2 = (9—5‘—2) R3 = (4—;—2) R3 = R3 = 40kQ
_ (G =2\ e _ (4=2) pa _R3 _
And RI = (——G ) R3 = (—2 ) R3 =82 = 20k
it has been shown that R1 — _R2R3
R2 + R3

a potentiometer as a gain control.

The finalised circuit is shown in Fig. 8

The simplest approximation ensuring this relationship is by using

m O +5V
[T] 1l
— 1~ 16[— -
{12 ]} | B!
4 wh ! —2 [ +VREF
f1: [} o Vo 7M --
{ I i I CLOCKO {+ ] _E uT
s [l 45 -VREF
de «h 741
0z of] [l]
fls o
ZN425E8
o OV
-0 -5V

Fig. 8 Bipolar operation, circuit diagram

2.4 Applications

Applications for the use of the ZN425E8 in its D-A or A-D
mode are those where 8-bit accuracy suffices. This is the
majority of transducer applications particularly as system
hierarchy is tending to change with the advent of
microprocessors taking the conversion near to the point of
measurement. For example, in data acquisition monitoring
say 100 channels, it is feasible and economic to use one D-A
per channel and multiplex one A-D per 8 channels using a
single microprocessor.

If one reference is required to power several converters,
additional source current may be provided by an external
parallel resistor from supply to reference providing 1.2mA per
additional converter in excess of three. In this case the
additional earth pin current causes an offset due to a pin
resistance of around 0.1Q.

Specific applications of 8-bit A-D are in conjunction with
stress or strain gauges, and many temperature applications.
8-bit D-A may be used for driving chart recorders,
programmable power supplies and actuators.

3. Ramp generation

The counter in the ZN425E8 is very convenient for feeding
in a clock to generate a staircase. This facility is used in the
majority of applications detailed below.

The count rate which may be used to obtain full ramp
accuracy, determined by the worst case settling time of 2us, is
500kHz, giving a cycling time of around ¥2ms. However, the
counters are capable of being clocked at up to 5MHz, though
there will be a loss in staircase accuracy at this speed.

3.1 Continuous

This is illustrated by the circuit of Fig. 9 and is simply
accomplished in the normal DAC mode by applying clock
pulses to the on chip counter (pin 4) of the ZN425E8 which
produces a staircase waveform. When the counter is full it
retumns to its empty state and counting recommences resulting
in a continuous ramp.
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JUUL °

CLOCK INPUT

2
3
4
5
6
7
8

ov

ZN425E8

SET
R2y _ZERO
™
6
6.8k RAMP OUT
S SET
1000F g5k psm
& ek
-5V

Fig. 9 Precision ramp generator

In order to remove the offset voltage and to calibrate the
converter a buffer amplifier is necessary as previously
described for the DAC.

The ramp period for 8 bits will be equal to 256 times the
clock period, and the maximum amplitude of the ramp from the
ZN425E8 using the internal reference voltage will be Vrgrout
—1LSB. Therefore, the peak ramp amplitude from the buffer
will be this value times the amplifier gain, which with gain
adjustment potentiometer set halfway is

2.5vx%=3.75v

A duty cycle drive signal is sometimes required from an
input voltage generated by a potentiometer, for example, for
actuator drives, or general power control. This may be
provided as shown in Fig. 10, where the ZN425E8 provides a
continuous ramp, against which the voltage reference is
compared. The output from the comparator then provides the
duty cycle signal directly.

—o+5V
I 0.22uF
0r e b
'——&—EE 2 15[}l—e 1
h N
3 14 |5 2
_ﬂ_ﬂ_ﬂ_ o 1+ [l [ O DRIVE SIGNAL
5 12 ] 3
CLOCK INPUT 6 1 ] 50kQ
O ofl
o of
ZN425E8
.oV
Fig. 10 Duty cycle drive signal
3.2 One shot

A single one shot ramp van be generated quite simply
(Figs. 11a and 11b) by using a latch and two capacitors to
control the counter reset of a ZN425E8 DAC. Operation is as
follows:

The stationary states of the latch are shown, these being
initially determined by the charging times of capacitors C1 and
C2 which ensures the counter reset of the ZN425E8 (Pin 3) is
LOW. Upon operating the START button the states of the latch
are aitered and HIGH is fed to the counter reset enabling

counting of the input clock pulses to commence. The analog
output begins to ramp up until the counter is full at which point
the MSB goes LOW altering the latch to its initial resting states.
This resets the counter and terminates the ramp. It shouid be
noted that even if the start button is held down at the
commencement of the operation, only a one shot ramp results,
and not a periodic function.
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O +5V

--- 25V
l I | I ANALOG A /\
o— CLOCK o -/ ooy
ouTPuT | LATCH 12 7400
—] RESET msB—|} H
C1 H
L
ZN425E8 DAC
H L
i
C2
PUSH
5 ?.I:l.
START o OV
Fig. 11a One shot schematic
-0 +5V

o=

C1
l l | | CLOCK O—

220pF

Czl 1> 1
e | EIRE] |

s 1

L{ 4 1

{ls 10

] s 9

- dls 8

1727400 /] /]' - - 25
o/ L./ Lo

PUSH
T0 I
STARTQ ©—

L

Fig. 11b One shot circuit

A more sophisticated alternative method performing the
same function, which replaces capacitors by logic, is outlined
in Figs, 11c and 11d. Stationary states of the various logic
elements are as indicated. The initial state of the flip—flop is
determined by the relative states of the PRESET and CLEAR
inputs. Upon switching on the supply the PRESET is held
LOW with respect to CLEAR because of the charging time
associated with C1 and R1. ThisresultsinQ=HIGH, Q=LOW,
therefore, the counter reset on the ZN425E8 is LOW.

When the start button is pressed, a pulse from the

monostable clears the flip—flop, the counter reset goes HIGH
enabling the counter of the input clock pulses to commence.
The ZN425E8 analog output begins to ramp up until the
counter is full, at which point the MSB goes LOW. This is fed
tothe CLOCK input of the flip flop which then toggles, reverting
to its original state, thereby resetting the counter and
terminating the ramp. As with the previous circuit only a one
shot ramp will be generated even if the start button is held
down.
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7472
| n JK FLIP FLOP - - 25V
PRESET H H /] /l
H H H ANALOG] L
J Q —| CLOCK  “ouTpUT ol oy
H
— K
L1 cLock [ L | RESET msB |-
CLEAR
TH ZN425E8  DAC
H
Q
_Hla
H
PUSH — A2 74121
TO M H
START o— Aq
Q
- MONOSTABLE

Fig. 11c Alternative one shot schematic

-0 +5V
f]"(f]‘kf] 1k R1{ |1k C1 f]ﬂ(
0.01pF 0.22uF
I il
0+~ ot —]1 16
1= ]l fl= s . 25V
—1] 5 125— L[a uff——o 1.1 ov
fs n —]+ 1]}
s 10 s [
fle o Qe nfi
17 8 - 1]l
7472 s o0l
ZN425E8
=l cLOCK
| EJRE || -0
1= 1[]
s n
{5 1oa
pusi | Qe o
stanr T
J:LC‘r 74121 ooV
=
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Fig. 11d Alternative one shot circuit




3.3 Weighing and auto zero

The system to be described is intended for either static or
on vehicle load indicating applications and employs integrated
circuits from GEC Plessey Semiconductors Standard Product
range. Variations of the scheme are indicated which increase
its range of applications. the overall system is shown in the
circuit diagrams of Figs. 12a to 12e.

The basic measuring function is a 3% digit DVM using the
dual slope analog to digital converter principle. This displays
ananalog input of up to +-1999mV which is scaled as required.
All the DVM digital and control functions are carried out by a
ZNA116E.

The DVM input is driven from a separate unity gain
summing amplifier which accepts inputs from any number of
channels each consisting of transducer and pre—amplifier.

Included in the system is a push button auto—zeroing circuit
which automatically sets the output of the summing amplifier
to zero. This facility eliminates any small zero errors which
may have accumulated in the transducer and pre—amplifier
chain or any false zero readings which can appear when
on-vehicle systems are operated on uneven ground. For this
function the ZN425E8 8-bit digital ton analog converter is
used. This monolithic integrated circuit also includes an 8-bit
binary up—counter an a reference voltage generator and by
clocking the counter a voltage ramp of 256 discrete steps is
generated. This ramp is level shifted to become symmetrically
bipolar with respect to 0V and then applied to the virtual earth
of the summing amplifier. This forces the amplifier output
through OV and a comparator circuit detects the OV condition
and inhibits the clock pulses to the counter. The selected ramp

AN183

output level is therefore held indefinitely unless the auto—zero
is switched off when the system reverts to the original zero
conditions.

Additional facilities include B.C.D. outputs for data logging
purposes and an overload alarm system with warning
indications.

The alarm system uses two comparators, into which are set
two analog levels, one corresponding to a preset percentage
of fullload and the other to full load. Whenthe load reaches the
first level a 1Hz square wave output is available and a
separate output gives a continuous signal at the second level.
These outputs may be wire oRed or used separately to drive
visual or audible alarms.

Itis not essential for the DVM function to be fully bipolar in
this application because negative readings occur only as
small zero errors. A minor modification enables the circuit to
display a lower accuracy negative reading at the same time
eliminating one of the ZN423 reference generators.

Further modification, appropriate for some applications,
results in a 3 digit display with a 1Hz flashing leading zero to
indicate a small negative zero error.

This approach, using a mix of standard function integrated
circuits gives maximum system flexibility. For example, an
on-vehicle application may require separate auto functions
on a number of axles or an overload alarm indication may
require duplication. By adding the appropriate integrated
circuits the system can be tailored to suit a range of vehicle
requirements with a minimum of chip function redundancy and
therefore minimum cost.

9 . +5V
62k | | R12 R8 R9 R10 R11
10 3.3k 1.5k 1.5k 1.5k
TRAt16E nj—::)—- n}:&—- n:I—:J—- TZI—:—o
PIN 14 FROM FROM FROM FROM
ZNAT16E ZNAT16E ZNA116E ZNA116E
PIN4 PINS PING PIN7 47uF 0.033uF
15k | | R13 ¢ c2
TO a ov
ZNAT16E A t
PIN 15 ar | — —— r
cs D B | | a”
I CDAB — — opl
ov
220pF +2.5% 180
BDC UP POLYSTYRENE
FROM ZNAT16E a B
PIN 10—} E ov
—8] L
L 7447 Jo=— ETC
12— e
D = Y4 ZN74L74
13— 9 CLOCK
achbell al——« TO AUTO
R7 b 3 1.25Hz ZERO
C4_L 0.033F L
T W (54 232227201618 17 16 161413
ZNAT16E
23456789 101112
ov
ALL PNP ZTX4403
ALL NPN ZTX108

Fig. 12a Display/digit circuit
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TO RESET
FROM PIN 21 SWITCH
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PIN 23
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Fig. 12b Analog switch
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Fig. 12d Auto zero circuit
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Fig. 12e Alarm circuit
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3.4 Peak detect

A peak detect circuit may be constructed simply using the
form of A to D system shown in the schematic of Fig. 13. When
left running continuously it will hold the maximum input signal
level it is able to track i.e. peak detect.

After application of a reset pulse, the state of the
comparator enables clock pulses from the Schematic trigger
circuit to be fed to the counter of the ZN425E8. The analog

output begins to ramp up until it attains the level of the analog
input voltage at which point the comparator changes state and
inhibits further clock pulses. Therefore, the analog output is
held and stored digitally in the bits of the converter. It will
continue to hold this level until a further increase in analog
input voltage changes the comparator state, enabling the
clock, and the sequence is repeated.

ZN425E8

RESET
J ANALOG
I l ouTPUT]

INPUT

O ANALOG

Fig. 13 Peak detect schematic

3.5 Channel selector

Another interesting application of the A-D principle is for a
channel selector in communications, e.g. citizens or amateur
band. In effect it replaces a multiway switch, mechanically
limited to 24 or 30 channels, by a 10 turn potentiometer which
can be used with the system of Fig.14 to generate many more
discrete steps. typically 64 but up to 256.

The ZN425E8 with internal counter, provides the A-D
conversion function, using a single 7400 package for external
logic, and a high performance op—amp as comparator. A 7413
dual Schmitt trigger provides the necessary clock and
conversion oscillators, no sync is needed here. Channel
selection is by the 10 turn potentiometer ‘Main Tune’ or,
optionally, by preset potentiometers, to preferred channels.
Resistance values for the pots are not critical.

The binary output is converted to BCD by the 74185 and
latched to provide a steady output signal i.e. when a particular
channel has been selected no jumps occur during cycling. The
conversion oscillator periodically checks the state of the input
voltage, by a fresh conversion on the ZN425E8 and updates
the latches when the status command indicates that the
conversion is complete. The BCD signals drive 7-segment
indication of channel number and provide the drive outputs for
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either @ modulo—-N digital synthesiser, a crystal bank
synthesiser,or a crystal selector. Features of the system are:—

1. Bi—directional, quasi—continuous tuning on a single control.
2. Electronic tuning lock

3. Simple switching between ‘tune’ and ‘preferred channel’
operation.

4. Preferred channels selected by preset potentiometers
operating through to the synthesiser. Channels are user
alterable.

5. Inherent non-volatile ‘memory’ on potentiometers.

6. Channel number indication shows channel actually in use,
particularly suitable for non co—channel working,
repeaters, etc.

In addition, a scanning facility can be easily added if the
receiver used has a squelch switched output.
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Fig. 14 Channel selector, 64 way

3.6 Bargraph display drive system

The ZN425E8 may be used in its continuous ramp mode
very advantageously in conjunction with linear light emitting
diode (LED) displays, e.g. Bar—graphs. This is because the
LED displays lend themselves to being accessed ina matnx

A tiaime a bHeaa abhadiee s B mba it
This

fashion USINg a ime snaring of munip Alllg u:blllllqut:

allows a reduction in the number of connections required, to
m+n in an array of m n diodes (Fig. 15a). This reduction in
connections also allows a simplification of the drive system, as
described below.
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Fig. 15a Diode matrixing connections

The simplest techniques for providing for a bar output
whose length is proportional to an analog input is shown in Fig.
15b. The ZN425E8 is driven in its continuous ramp mode. The
six most significant digits from the counter are then decoded
into two lots of 1 out of 8 drives. These drives then access the
LEDs in a multiplexed fashion, so that the 64 LEDs are
accessed once each in turn in-a complete scan cycle. A high
clock frequency is selected which ensures that the flicker rate
is fast enough and thereby indistinguishable to the eye.

Atthe same time as the LED scan cycle is taking place, the
ZN425E8 provides a staircase analog output, as shown. This
is compared with the analog input in a comparator, whose

output controls the display enable. Thus while the ramp is less
than the analog input, the LEDs being scanned are enabled
(the start of the Bargraph line), while once the ramp output is
larger than the analog input, the drives to the LEDs further
along the line are inhibited. This, therefore, provides an
illuminated bar length proportional to the analog input.

This system as it stands suffers from a minor disadvantage,
in that the duty cycle for accessing each LED is 1/m n, or 1/64
for the case of Fig. 15b. Although the LEDs become more
efficient with pulsed operation, 1/64 duty cycle does not
provide adequate brightness for some applications.

ANALOG COMPARATOR |
INPUT
ENABLE | 3LINE TO 8 LINE DECODER I
L WITH ENABLE
1 BARGRAPH DISPLAY |
~ (UPTO 64 LEDs)
6BIT
RAMP 3 LINE TO 8 LINE DECODER I
GENERATOR|
WITH
BINARY |
OUTPUTS
(ZN425E8)
CLOCK

Fig. 15b Simple bar display schematic drive system
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Fig. 15¢ Improved bar display schematic drive system

A technique to overcome this objection is shown in outline
in Fig.15¢c. The technique used here is to load a shift register
rapidly serially, and subsequently use this register to provide
LED multipiex drives in parallel. This means that the duty cycle
for accessing the LEDs is improved (for a 64 LED array) from
1/64 to just less than 1/8. This is quite sufficient for acceptable
brightness in virtually all applications.

This system operates as follows. While the monostable is
inits mode of loading the shift register, the ZN425E8 staircase
output increases in 8 discrete steps. Simultaneously the shift
register is loaded with the comparator output to provide serial
to parallel conversion. The comparator output is thus
effectively changed from serial access to parallel access of the
linear LED array.

When the monostable changes over to its (longer period)
display mode, the LED array is accessed, and the LEDs are
driven or otherwise according to the enable or disable
information stored in the shift register. The display is
incidentally disabled while the mono is loading the register.

To provide an example of operation, suppose the bar is to
have the first 37 LEDs displayed, with the rest blanked.
Starting from the ZN425E8 being reset and the mono in its
register load state, operation is as follows. The mono allows
eight clock pulses through the gate to the ZN425E8 after which
the ZN425E8 count pulse retriggers the mono. These eight
pulses generate the first eight steps from the analog output,
which produce from the comparator a continuous display
enable (say logic 1). These are loaded into the shift register
which thus finishes with 11111111 in parallelto the LED display.

At this point the mono is tripped into its display mode, and
the counter has reached 8 (or 001000). However the decoder
must access the first eight LEDs, so that the second decoder
output is connected to the first set of LEDs. These are all
illuminated.

During the second register load period, the cycle is
repeated, with again all ones being loaded into the register
which subsequently brightens up the second eight LEDs
(9-16). The same occurs during the third and fourth mono
cycles, lighting up the first 32 LEDs

During the fifth register load period, the analog output goes
up a further eight steps. However after the fifth step the
comparator changes over to load zero for the remainder of this
period into the shift register. If loaded from the left the register
will then finish up as 00011111. Subsequently during the mono
display period LEDs 33 to 37 inclusive will be lit, but 38 to 40
will be blanked off. The sixth to eighth mono cycles will load
zeros into the shift register, blanking off LEDs 41 to 64. The full
LED scan cycle is therefore completed with the desired effect.

Typical system clock rates are 400kHz, and typical
monostable periods 500ps for the values shown.

An actual circuit to achieve this is shown in Fig.16 and it
may be seen that this is elegant and simple. The type of
display which may be accessed in this way is the Bowmar
Microstic R1M-053-66A, which is connected in eights on its
common anodes. This has 64 red LEDs and a further two
LEDs at the ends, one to show the display is working, and the
otherfor over—range. Similar techniques may be used with the
106 LED version.
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Fig. 16 Column display drive system

3.7 Up down or tracking

The counter on the ZN425E8 is only an up counter, and
some systems, e.g. tracking converters or servos, may require
an up/down counter. This conveniently provided externally,
e.g. the 74193 using the ZN425E8 purely in its D—A converter
mode and ignoring the counter (Fig. 17) While this may appear
to be inelegant it is nevertheless economically sound.

4.MULTIPLY/DIVIDE

4.1 Multiplier
The rererence supply to the D—A section of the ZN425E8
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has been purposely left on an uncommitted terminal, so as to
allow connection either from its own reference or from an
external reference. The point about an external reference is
that it allows a multiplying effect, in that the analog output is
proportional both to the binary code and the reference voltage.
For this reason this type of DAC is called a multiplying DAC.
Practical limits in multipling voltages are 0 and 3V.



AN183

CLOCK CLOCK
0 VOLTS ANOAU':TOG lg?p DOWN
T 1 ‘r ‘r —0 +5V
i )
o.zlz:u: | O cLEAR
e \wy by s . by P~ \w by
=K 16 1R 16 1K 16—
—l2 5 fl= 5] —|2 5[]
s o 14 | R | e 1= 1}
0« & wf ]« o aft e ol
=3 = -3
—{|s & 12|} —]s & [} {ls & 12[]
—{]s [} —f]s 1f}— e n
7 o]} [—[ 7 1f] Iz 10f]
Qe s e —:_ o
y om0 L]
GROUND [[ 1 ~ 16[] Vger ouTPUT INPUT DATA B[ 1 ~ 16]] Vce
LOGIC SELECT[| 2 15[] VRgp INPUT OUTPUT g2 5[] DATA:}INPUTS
COUNTER RESET[| 3 - 14[] ANALOG OUTPUT arlls 4[] cLEAl
cLock [] 4 1§ 13]] BIT1(MSB) s[couu'roown[ 4 g 1] Bonnovﬂ
g INPUT. 2 OUTPUTS
BiTs [|s Z 12]] BiT2 COUNTUP[| 5 ¥ 12|] CARRY
BIT7
[[s n[ Birs oUTPUT s[oc [ls 1] Loap
BIre [J7  10]] BIT4 o [[7 10]] pataC | npuTs
Vec[|s o[ BiTs GND[|s 9] paTAD

Fig. 17 Up/down counter or tracking DAC circuit

4.2 Variable frequency divider

If a ZN425E8 is operated in its continuous ramp mode in
conjunction with a comparator whose output is fed back to the
counter reset, a variable frequency divider can be constructed
as shown in Fig.18a. Here an analog voltage can be used to
control the number of steps before reset is applied, the overall
effect being to provide variable frequency division under the
control of a potentiometer.

4.3 Voltage controlled oscillator

The schematic of Fig. 18a may also be used as a voltage
control oscillator. However the frequency is the inverse of the
applied voltage, though the period is, of course proportional.
The corresponding circuit of Fig. 18b gives an output
frequency or pulse rate which is inversely proportional to
applied voltage as shown in Fig. 18c. It is, however, in some
cases more desirable to produce an output frequency directly
proportional to applied voltage. This is accomplished by the
circuit depicted in Figs. 19a and 19b and involves the use of
an inverse scaler described in the next section, for which a
brief mention is necessary to understand the basic operation
of the VCO.

By using a DAC in the feedback loop of an operational
amplifier an output voltage is derived which is inversely
proportional to a digital input number to the DAC. Clock pulses
applied to the DAC counter will produce a repetitive output
waveform which is a hyperbolic 1 function.

n

This waveform is applied to the inverting input of a
comparator whilst the analog input voltage to be frequency
converted is applied to the non inverting input. At the instant
they become equal the comparator changes state and
operates the Schmitt trigger which resets the DAC counter.
The result is a train of negative going pulses whose frequency
is directly proportional to the applied input voltage. This follows
simply because if Fgjock = clock frequency to the DAC counter
and Fqy; = output frequency, then Foyt = Fojock

n

where n = digital input number and analog input voltage to the
comparator Vi, a 1

n
Therefore, Foyt aVin and the appropriate characteristic is
shown in Fig.19c¢.
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5. FUNCTION GENERATION

By virtue of the multiplying function, the ZN425E8 may also
be used for function generation as described below.
5.1 Inverse scaler

If a DAC is operated in the feedback loop of an operational

amplifier then the amplifier gain is inversely proportional to the
input digital number or code to the DAC. The version giving
scaling inversely proportional to positive voltage is shown in
the schematic of Fig. 20a and the practical circuit of Fig. 20b.

DIGITAL INPUT NUMBER
1L

RARARA

nV,
OUTl aNALOG VREF
OUTPUT IN
ZNA25E8 DAC

Vm Vour =VIN

n
Vin f 41
Fig. 20a Inverse scaler schematic
o +5V
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1k 1 16
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>
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|-||—1|—||—||-|r-—|r-1|-|-|

0.22yF
—— [I] 330k
| ]
-
]
I
I
]
I

---25V
—O Vout & ov

G

ZN425E8

== .

O -5V

Fig. 20b Inverse scaler circuit

If A= open loop gain of the operational amplifier, and n is
a fractional number representing any digital input (00000000
to 11111111 for 8 bits), that is a fractional number between 0
and 255
256 then fromthe diagramVy = AVm, and Vi, = (Vin —nVoyut)
“ Vout = A (Vin = NVgyt) from which

Vout (1+An) = AV, You _ A
1+ An

Since An >1, (A=100,000) then

Vour _ P A _1
‘V—m—Galn(G)—m—ﬁ

Forn=1LSB= 5L- then the maximum allowable

256
input voltage Vi, to prevent saturation

(Vear = 4V) = 535 = 15mV

If n=0then G = A and for a fixed input level the amplifier
output will normally be equal to the saturation voitage since A
=100,000.

The complementary mode (scaling inversely proportional
to negative voltage) is shown in Fig.20c (schematic) and Fig.
20d (practical circuit).
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V., - nV,
Vn = [v,-n- (—nj:nf)] and Vo, = — AV,

If g—’-= F4 - inverting feedback return then
r

_ Vin —-n vout
Vou = = A["m' (m ’

AV,
From which V,, = — [WM]

If the input voltage Vj, is negative with respect to ground,
e
uier

; _ A
Gain (G) = [1 +F + nAF,]

If we make F) =1, i.e. R = Rg then G [ﬁ]
But nA >2 (since A =100,000)

and G = % = % as with the non inverting circuit.

Figs. 20a and 20c illustrate both types of inverse scalers,
where a repetitive waveform of a % function is generated
by feeding clock puises to the counter of the DAC.
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Fig. 20d Complementary inverse scaler circuit

5.2 Parabola

The muitiplying action of the ZN425E8 may be used to
generate a parabolic waveform shown schematically in
Fig.21a and a practical circuit Fig. 21b.

Basically the circuit operates as follows;

A continuous ramp output is generated by feeding clock
pulses to the counter of a ZN425E8 DAC using its internal
reference which is buffered, level shifted, and finally inverted
using two operational amplifiers, so that the inverted ramp
starts at a peak amplitude (V4 ger =2.5V) and decreases
linearly to zero. This is then used as an external reference
supply for a second ZN425E8 DAC whose bits are connected
to the first DAC for synchronous clocked operation. The
resuiting anaiog output from the second DAC is a repetitive
parabolic waveform whose

peak amplitude is equal to

Vi rer _2.5 _
7 =i =0.625V

This follows because,

If N = a fractional number representing the digital input to
both DACs then the analog output voltage from the first DAC
= An (where A = V4 ggr =2.5V).

This is then inverted and level shifted to provide the
reference voltage to the second DAC = (A-An) = V5 Rer

Therefore the analog output from the second DAC = n
(A-An) =An—An2 which is the equation of a parabola about the
x axis of the form y=ax2+bx+c.

Peak amplitude of the parabola occurs when n = %

forwhich . — l( _ A) —A_ Virer a5 stated
out 2 2 4 4

It should be noted the the ramp output from the non
inverting buffer amplifier will inherently have a gain greater
than unity, and therefore its peak amplitude will be some factor
in excess of V4 ger However the ramp invertor and level
shifter introduces corresponding attenuation to compensate
this so that gain and level shift controls provide adequate
adjustment in obtaining the desired inverted ramp output of
peak amplitude.
A= Vige=2.5V
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Fig. 21b Parabolic generator circuit

5.3 Log approximation

A more complex function y = log n can be performed with
the aid of previously described building blocks. A schematic
arrangement as shown in Fig.22a and the corresponding
practical circuit of Fig. 22b provides a repetitive logarithmic
relationship. The basic method is as follows.

An inverse scaler is used to generate an output voltage
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which is inversly proportional to a digital input number n to a
ZN425E8 DAC. This voltage is then converted to a frequency
or pulse rate using a VCO whose output frequency is
proportional to an applied voltage. The derived train of pulses
of varying mark to space ratio are then fed into the counter of



a final ZN425E8 DAC, these are integrated and a logarithmic
output

(% dn = log n) is obtained

The period of the analog % function is dependent upon

the input frequency to the inverse scaler. To rapidly convert
this function to a pulse train and to generate a sufficient
number of pulses for integration during this period, the clock
frequency to the VCO derived from the Schmitt trigger must be
high. The lower input frequency to the inverse scaler in
synchronism with this clock frequency is obtained by using two
7493 dividers and equals the clock frequency divided by 256.
For the CR values indicated in the Schmitt trigger Feock =
512kHz therefore the input frequency

to the inverse scaler = §%‘EHZ = 2000Hz

1

n
256s _

2000

And the output repetition frequency of the

128ms

function — 2000 . for which the period =
556 Hz p

Some means must be incorporated of resetting the counter

AN183

on the final ZN425E8 DAC and thereby the logarithmic analog
output to zero at the completion of a full cycle of input pulses.
Otherwise the analog output would continue to increase with
each cycle of pulses until it equalled the internal reference
voltage, resulting in a 3 cycle logarithmic waveform. This is
accomplished by using the negative going edge from the 4th
significant bit which in fact resets the counter on the final DAC
the completion of a full cycle of input pulses. Whereas to be
strictly correct resetting should be effected from the MSB; bit
4 having been selected purely for convenience as it allow the
logarithmic characteristic to be more easily displayed on the
oscilloscope, since it accounts for a greater proportion of the
output waveform, with negligible loss in amplitude.

g
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Fig. 22a Logarithmic waveform generator schematic
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Fig. 22b Logarithmic waveform generator circuit




Direct Bus Interfacing using the

ZN427/ZN428 Data Converters

AN180 -

2.2

This application note introduces two converters and describes how they can easily be interfaced directly to most of the
popular types of microprocessor with particular reference to the 6800 and 8085A.
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Fig.1 ZN427 logic diagram

The ZN427 A-D converter

The ZN427 is an 8-bit, successive approximation A-D converter
(ADC).

It features three-state output buffers to permit bussing on to
common data lines, fast 15us conversion time and no missing
codes over its full operating temperature range. The ZN427
contains a voltage switching D-A converter, afast comparator,
successive approximation logic, three-state output buffers and
a 2.5 volt precision bandgap reference.

The use of the on-chip reference is pin optional to retain
flexibility, an external fixed or varying reference for ratiometric
operation may, therefore, be substituted. Only a few passive
external components are required. For basic operation these
areaninputresistor, areference currentresistor and stabilising
capacitor, and a resistor from the R¢,; pin 5 to the negative

supply rail.
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Fig.2 ZN427 timing diagram

The conversion cycle is initiated by a negative going pulse
applied to the START CONVERSION (SC) input, this sets the
END OF CONVERSION (EOC) output to a logic ‘0" indicating
that the converter is busy, see Fig.2. On the ninth negative
going clock edge after the start pulse the EOC output goes

back to logic'1'signalling that the cycle is complete. Thebinary
output datais latched untilthe next start pulse. The three-state
data outputs are switched OFF (high impedance state) when
the OUTPUT ENABLE (OE) input is at a logic ‘0" and they are
enabled when the OE input is taken to a logic '1".
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Fig.3 ZN428 logic diagram
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The ZN428 D-A converter

The ZN428 is a monolithic 8-bit D-A converter (DAC), with
input latches to facilitate updating from a microprocessor data
bus. The latch is transparent when the ENABLE (EN) input is
at alogic '0' and the data is held when EN is taken to a logic '1".

The ZN428 features single + 5V supply requirements, fast
800ns settiing time and is guaranteed monotonic over its fuil
temperature range. It contains a pin optional 2. 5V precision
bandgap reference identical to the ZN427. The converter is of

‘AN180

the voltage switching type and uses an R-2R ladder network.
Each 2R element is connected to 0 volt or V.. by transistor
logic switches especially designed for low offset voltage (< 1
millivolt). A binary weighted voltage is produced at the output
of the R-2R ladder network, the nominal range being 0-V__. ;.
volts with a 4k€Q resistance. Other output ranges can readily be
obtained by the use of an external ampiifier ailowing compiete
versatility in its application.

EXTERNAL
MPU MPU CLOCK CLOCK
Ay 7
N /
DATA ADDRESS CONTROL
8-BIT MPU DATA BUS
Ls8| (MsSB
ZNA427
SC OE AIN CLK
VMA
READ/WRITE Ao
s
RESS B|
ADDRESS BUS (oaiC |a,

MPU INTERRUPT

ANALOGUE
INPUT

dodd

Fig.4 ZN427 microprocessor bus interface

The ZN427 microprocessor bus interface

Peripheral devices can be connected to a microprocessor
system by two basic methods. The first and usually the
simplest from the point of view of design effort required istouse
a peripheral interface I/0 device usually found as a support IC
in most of the MPU families. With this method the peripheral
device is simply connected to the /O lines of the peripheral
interface device and generally no considerations have to be
made interms of bus buffering, bus timing or address decoding.

The second method is to connect the peripheral device directly
tothe microprocessor data bus. This methodistermed 'memory
mapped /0" which as its name implies is to make each

peripheral I/O function appear to the MPU as a normal memory
location, in which case the MPU cannot tell whether it is
addressing memory or |/0. This allows the full set of memory
reference instructions to be used for |/O data transfer, but it
does imply that the peripheral device must be capable of
responding at least as fast as the MPU memory and hence it
should be compatible with the bus timing characteristics. The
disadvantages of memory mapped IO are that it usuaily
requires additional address decoding logic, and also, since the
I/O device will be addressed as memory, then there will
consequently be fewer addresses available foractual memory.
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Itis with this second method of interfacing that this application
note is primarily concerned.

A variation of memory mapped I/O, sometimes known as "l/O
mapped /0" is available on some MPUs which overcomes the
last disadvantage referred to. This allows a defined range of
memory address also to be used for /O by means of separate
/O instructions. A special control line is required to inform the
memory and I/O device whether the address of the current
READ or WRITE cycle refers to memory or to /0. This
technique howeverdoes restrict the freedom of the programmer
to the use of these I/O instructions which normally only operate
on data in the microprocessor accumulator.

Fig. 4 shows the basic memory mapped interface for the
ZN427 where the 8 binary outputs of the ADC are connected
directly to the MPU data bus. The control inputs, START

CONVERSION and OUTPUT ENABLE are shown driven from
address decoder logic, the function of which is to drive the
appropriate input when the address which has been allocated
to that particular input is present on the address bus and the
control bus signals indicate a valid memory read or write
operation. Note that the level of address decode logic used
must ensure that the three-state data outputs of the ZN427 are
disabled at all times except when the actual ADC data is
required on the data bus, otherwise bus contention problems
may occur with other devices using the bus. The END OF
CONVERSION output can be connected directly to an MPU
interrupt to signalthe completion of the conversion cycle by the
ADC. The ZN427 clock can be driven either from the MPU
clock orfrom an external source. If however the former method
is employed, it may simplify the design of the interface with
regardtothetimingcriteriaof SCinput. (This is covered inmore
detail later.)

MPU
DATA ADORESS CON
- 4/\L
8 BIT MPU DATA 8US
— -
LSB — MSB
VMA INL28
EN Agur
{4 WRITE ADORESS T
— OECOOE
ADORESS 8US LOGIC
.
J &
'v' ~— q\/’ ANALOGUE
OuTPUT

Fig.5 ZN428 microprocessor bus interface

The ZN428 data inputs can be directly connected to an MPU
data bus when in the memory mapped configuration, this is
illustrated in Fig. 5. For this application the address decode
logic has only to generate the ENABLE signal forthe DAC. This
is accomplished by gating the MPU WRITE signal with the
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decoded address signal in order that when a memory write
instruction to the DAC address location is executed, then a
negative going pulse is applied to the EN input which will
transfer the binary code from the data bus to the ZN428 input
latches.
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Interfacing to the 6800 bus

With the ability of the ZN427 and ZN428 to be bus compatible
it is possible to produce a complete analog I/O system,
specifically configured to the designer's own requirements with
the converters connected directly to the MPU data bus. Such
a system is illustrated in Fig. 6 built around a 6800 MPU.

The 6800 is an 8-bit monolithic microprocessor which forms
the central control function for the 6800 microprocessor family.
Fully compatible with TTL logic the 6800 requires only a single
+ 5 volt power supply, it features a set of 72 instructions with 7
addressing modes and full 65K byte memory addressing
capability. The microprocessorcommunicates with its external
memory and all I/O peripherals over an 8-bit bi-directional data
bus and a 16-bit address bus. (Full data on the 6800

microprocessor is readily available from its manufacturers and
their distributors).

The number of ZN427s and ZN428s which can be hung on the
data bus is not limited, the only restrictions being the total load
presented to the data bus and the number of decoded address
lines available. The loading and drive characteristics of the
converters are summarised in Table 1. Optional bi-directional
bus buffers are shown in the diagram. these can be used to
expand the system. Use of these will be dependent on the total
number of converters used, other peripheral and memory
devices on the data bus, and other loading factors such as
physical length of bus required.
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ZN427

ZN428

Parameter Specification

Parameter Specification

| -5uA max.
[ 150A max.
30uA max.
| 1.6mA min.
| -100uA min.

lowx 2uLA max.
(Off state leakage)

| -5uA max.

| 20uA max.

(NOTE: Current specified at 0.4V and 2.4V).

Table.1 Loading characteristics of the ZN427 and ZN428

The level of address decoding will depend on the overall MPU
system design. This can range from merely using the upper
address lines directly with no hardware decoding to provide the
control lines for the converters - which rapidly depletes the
number of address locations available for memory, through to
full address decoding where all 65K addresses can be utilised.
The address decode hardware can usually be produced from
afew TTL gates in association with an address decoder I/C
such as the 74154. In order to avoid addressing problems it is
necessary on the 6800 to qualify the decoded address with the
Valid Memory Address (VMA) and @2 clock signals. The
READ/WRITE control line can also be utilised to permitasingle
decoded addressto controleach ZN427,i.e. WRITE instruction
to the specific address would generate the SC signal and a
READ instruction of the same address would enable the
converteroutputs and read the data. Thefunction of the 'D' type
flip-flops shown in the diagram is to ensure that the timing
criteria of the SC pulse are met. The requirements for this are
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that the SC pulse should start at least 1.5us before the first
active (negative going) clock edge after the SC pulse, and that
the trailing edge of the SC pulse must not occur within £200ns
of a negative going clock edge, see Fig. 2. By careful design of
the address decode logic when deriving the converter clock
fromthe MPU itis possible to produce the correct timing for the
SC pulse and to dispense with the ‘D’ type flip-flops.

The other advantages of using the MPU clock is that it allows
an accurate calculation of the ZN427 conversion time to be
made interms ofthe MPU machine cycles. Again with reference
to Fig.2 it can be seen that the conversion cycle always takes
less than 10 clock cycles after the end of the SC pulse. Hence
instead of using the EOC output to drive MPU TRQ input a
simple programme delay loop can be substituted. Note that the
EOC outputs of up to five ZN427s can be 'wire-anded' together
to form a common interrupt line.



The clock frequency of the standard 6800 is 1MHz which can
be used directly to drive the ZN427s if a small loss of accuracy
canbetolerated. The 6871B MPU clock generator is produced
inaversion with a614.4kHz clock signal. This is only marginally
higher than the specified ZN427 clock rate of 600 kHz and the
@2 TTL output of this can be used directly for the converter
clock if full accuracy is essential.

With the 6800 it may be necessary to delay the decoded
address enable signal to the ZN428 converters if glitch free
operation is desired. This is due to the fact that during a write
operation on the 6800 the address and address qualifying
control signals become valid before the data bus signals are
valid, thereby enabling the DAC before the data is established
on the data bus.

The analog output can be taken directly from the ZN428 output
pin which provides a nominal output range from zero volts to
Vier w With @ 4kQ output resistance. For most applications
higher output ranges or drive will be required. This can easily
be accomplished on the ZN428 by the addition of an external
buffer amplifier which can be chosen for the specific
characteristics required. The ZN428 is provided with separate
analog and digital ground pins which should normally be
connected together close to the I.C. For noisy systems or
environments an improvement may be obtained, in some
cases, by running the two ground pins to supply ground
separately, taking the analog ground of each ZN428to a single
common earth point in the system away from the sources of
high noise such as clock oscillators, digital buses, etc. Note
that the maximum voltage between the analog and digital
ground pins should not be allowed to exceed 200mA.

Both the ZN427 and ZN428 contain a nominal 2.5V internal
bandgap voltage reference. Use of this on chip reference is pin
optional to retain flexibility and an external reference can be
substituted which allows ratiometric operation over the range
of typically 1.5 to 3V. The on-chip reference is capable of

AN180

supplying the reference voltage for up to five ZN427s and
ZN428s. This usefulfeature saves power, discrete components
and gives excellent gain tracking between the converters in a
system. The tail current for the comparator on the ZN427 is
derived via an external resistor from a negative supply. By
suitable choice any negative supply of between - 3 and - 30
volts may be used. Since the negative current is only of the
order of 65 microamps per converter then for applications
where only a positive supply is available a simple diode pump
circuit can be used .

With a‘memory mapped interface the full range of memory
reference instructions are available to the programmer in order
tocontrolthe converters, and programming becomes arelatively
simple matter of reading and writing data to the addresses
allocated to the converters. For example, for the ADCs a
conversion cycle could be initiated by a store accumulator
command (STA A) to address location ALOC 1, where ALOC
1isthe address of the ADCto be accessed. The contents of the
MPU accumulator 'A' at this time are irrelevant since we only
want to generate a memory write cycle to produce a pulse at
the SCinput. Now one can either enable the MPU interrupt and
wait for the EOC output to generate an interrupt signal if this is
the method used or alternatively a simple programme delay
loop can be entered to produce a delay of 29 converter clock
cycles (i.e. >15us if a600kHz clock is used). Upon receipt of an
interruptor completion of the delay aload accumulator command
(LDA A) can be'performed on address ALOC 1. This will read
the binary data from the converter into the MPU accumulator
‘A, It is even simpler to programme the DACs. All one needs
to do is to load the value to be outputted to say accumulator ‘A’
in binary format. A store accumulatorcommand (STAA)is then
programmedto address location ALOC 2, where ALOC 2isthe
address allocated to the DAC. Upon execution of this the data
willbe transferred from the accumulator via the data bus to the
DAC input latches and be present at the DAC output in analog
form within 1.25 microseconds of the enable pulse.
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Fig.7 ZN427/ZN428 to 8085 bus interface

Interfacing to the 8085 bus

An analog I/O system for the 8085A microprocessor is shown
in Fig.7. This is similar to the 6800 system but the following
exceptions should be noted.

The 8085A is another popular 8-bit microprocessor. However,
unlike the 6800 this MPU uses a multiplexed data bus whereby
the lower 8 address bits AO-A7 are time shared with the 8 data
bits. The address bus contains the upper 8 bits A8-A15. If the
lower 8 address bits are to be used for address decoding then
it is preferable to de-multiplex the bus using an 8 bitlatch, such
asthe 8212, strobed with the address latch enable (ALE) signal
from the MPU. The 8085A offers either memory mapped /0 or
I/0 mapped I/0 by means of a separate control line (IO/M). This
allows use of the 'IN" and ‘OUT" instructions to control /O data
transfers and the retention of the full 65K memory locations. If
using this method then it is unnecessary to de-multiplex the
address/data bus, since only the lower 256 addresses are
used for /O transfers, and the address in the lower 8 bits is
mirrored into the upper 8 address bits during this operation.

The standard 8085 clock frequency is 3MHz.
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Hence it is necessary to divide the output from the 8085A CLK
output pin down by a factor of at least 4 to produce an
acceptable ZN427 clock. Because of this it is more difficult to
synchronise the decoded address signals with the ZN427
clockinorderto meetthe start pulse timing criteria, and one will
usually have to incorporate the ‘D' type flip-flops as indicated
to generate the SC pulse.

Note that with the 8085A the common EOC line can be used
directly to generate an interrupt viaone of the 3 restart interrupt
inputs. The decoded address inputtothe ZN428's ENinputcan
also be used without any additional delay since, with this MPU
the bus data is valid during the time that the WRITE signal is
established.

Again programming is very straightforward. With a memory
mapped I/O configuration the data transfer commands - move
(MOV), load (LDA) and store (STA) can be used to control data
transfers between the converters and the MPU. If an /O
mapped I/O configuration is adopted then the input (IN) and
output (OUT) commands are used to transfer data between
MPU accumulator and the converters.



Summary

The analog I/O systems described in this report are intended
only as a guide to illustrate to design engineers the ease and
versatility with which these two converters can be used to
produce analog 1/O channels for popular 8-bit microprocessors.
As aresult of the low cost, low external component count and
flexibility of these converters, designs based on the ‘one
converter per channel concept' will be both a practical and
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economical solution to microprocessor data acquisition
problems. This approach should find many new applications in
areas which have previously been limited by the necessary
usage of traditional data acquisition methods involving a single
high cost hybrid ADC utilising sample and hold and multichannel
multiplexing techniques .
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Microprocessor Interfacing using
the ZN427/ZN428 Data Converters AN192 - 2.2

Conventional analog I/0 systems for Microprocessors are generally high accuracy, high cost, hybrid module/PC board
assemblies, available in only one fixed configuration ot /O channels (i.e.16 Input and 2 Output channels). This application
note describes how a low cost analog I/0 system may be produced for the 6800 microprocessor using GEC Plessey
Semiconductors ZN427 A-D and ZN428 D-A converters with the 6820/6821 peripheral interface adaptor (PIA) IC. This
combination produces a versatile system which can be configured to the designer s particular /0 requirements and which
can also be expanded without major modifications to the hardware. The advantages of interfacing to the microprocessor
via the PIA are that It provides a simple easily expandable system without additional address decoding and line buffering
hardware, and it also simplifies timing problems associated with a direct bus interface.

MC6800 MPU
DATA ADDRESS CONTROL SYSTEM BLOCK DIAGRAM
:} 4
i CB1
| e | 1 [ ! 8
; o = T — = —
: I use] [us L L L 1 11 i ]
l_ ZNa27 [oE| | ZN427 | ZNa27 |_ ZNa27 | ZN428 | ZN428 L
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CLK| sclviy | T T §
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— [} o A o
| - AN? AiN2 AIN3 And Aout?! Aour?
T
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TO MPU [\
cLock l/
{(7 v BUFFER
Fig.1 System block diagram
The ZN427 A-D converter
The ZN427 is an 8-bit, successive approximation A-D converter. Operation of the ZN427 is best described with reference to the
It features fast 15us conversion time, three-state outputs to timing diagram, Fig.3. Conversion is initiated by a START
permit bussing on common data lines and no missing codes CONVERT (SC) pulse which can be applied asynchronously
overthe full operating temperature range. The ZN427 contains with respect to the ZN427 clock, providing the following criteria
a voltage switching D-A converter, a 2. 5V precision band gap are met.

reference, a fast comparator, successive approximation logic,
and three-state output buffers.
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1. The leading edge of the SC-pulse should precede the first
active (negative going) edge of the clock (afterthe trailing edge
of the SC pulse) by at least 1.5us to allow for MSB setting.

2. The trailing edge of the SC pulse must not occur within
+200ns of a negative going edge of the clock.

3. As aspecial case of conditions (1) and (2) the SC pulse may
be coincident with, and of the same duration as, a negative
going clock pulse. Application of the SC pulse sets MSB to a
‘1" level and all other bits to a ‘0’, which produces a voltage
output from the D-A converter of V..

The ZN428 D-A ocnverter

This value is compared with the input voltage V,, and a
decision is made on thefirst negative clock edge to setthe MSB
10 0if Vo o>V, OF else to keep it at '1", Bit 2 is switched to
‘1" on the same clock edge, and on the next edge a decision is
made about Bit 2, again by comparing the D-A output with V.
This process is repeated for all eight bits so that when the END
OF CONVERSION (EOC) output goes high the digital output
from the converter is a valid representation of V. The binary
output is latched until the next START pulse. The three-state
data outputs are OFF (high impedance) when OUTPUT
ENABLE (OE) is an ‘0’ and are enabled when the OE input is
taken to ‘1"

ANALOG
VREF OUT c»——7 R-2R LADDER 3 OUTPUT
25V
REF
ANALOG I I
v
cRouND . SWITCHES e VREF IN
T Vee g 11 Illlf )
DIGITAL ENABLE
GROUND 3 DATA LATCH Y
21 1] 6] B 4] B 12] 1
o 0 6 o o ¢
BTB 7 6 5 4 3 2 BITi(MSB)

Fig.4 Logic diagram

The ZN428 is a monolithic 8-bit D-A converter with input
latches to facilitate updating from a data bus. The latch is
transparent when ENABLE is at logic ‘0" and the data is held
when ENABLE is taken to logic '1". The ZN428 features single
+ 5 volt supply requirements, fast 800ns settling time and is
guaranteed monotonic over the full operating range. It also
contains a 2. 5 volt reference the use of which is pin optional
to retain flexibility. An external fixed or varying reference may
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therefore be substituted. The converter is of the voltage
switching type and uses an R-2R ladder network. Each 2R
element is connected to 0 volt or V. . 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 network the nominal output range of the ZN428
being OV to V., through a 4kQ resistance. Other output
ranges can readily be obtained by using an external amplifier.



The 6800 microprocessor system

It is assumed that the reader is fully conversant with the 6800
microprocessor family, information on which can be found in
the Motorola M6800 microprocessor applications manual, so
only a brief description is given here.

The 6800 is an 8-bit monolithic microprocessor which forms
the central control function for the 6800 microprocessor family.
Fully compatible with TTL the 6800 requires only a single + 5
volt power supply, itfeatures an instruction setof 72 instructions
with 7 addressing modes and full 65k byte memory addressing
capability. The microprocessorcommunications with its external
memory and all I/O devices via an 8-bit bi-directional data bus
and a 16-bit address bus.

The 6820/21 peripheral interface adaption (PIA) provides a
flexible means of interfacing byte-orientated peripherals to the
microprocessor, through two 8-bit bi-directional peripheral
data lines and four control lines. The functional configuration of
the PIA is under the full control of the microprocessor. Each of
the peripheral data lines can be programmed to act either as
an input or output, and each of the four control/ interrupt lines
may be programmed for one of several control modes. This
allows a high degree of flexibility in the overall operation of the
interface .

The analog I/O interface

The system described in this application note provides 4
analog input and 2 analog output channels - see the system
block diagram Fig. 1 and the detailed circuit diagram Fig. 5.
Other configurations can easily be produced-these are
discussed later in this note.

The peripheral data lines PB0-PB7 of the PIA are connected to
the binary data outputs of the ZN427s and the data inputs of the
ZN428sto produce acommon 8-bit data bus forthe converters.
Peripheral lines PAO-PAS are programmed as OUTPUTS and
provide individual OUTPUT ENABLE AND ENABLE signals
for the ZN427 and ZN428 respectively. A common,
simultaneous START CONVERT signal for the ZN427s is
produced from the CB2 control line program in the SET/
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RESET output mode and used in conjunction with a ‘D’ type
flip-flop. The END OF CONVERT outputs from the ZN427s are
commoned together and drive the CB1 input of the PIA which
can be programmed to generate a microprocessor interrupt
signal. In this system configuration, the peripheral lines PAS,
PA7 and the control lines CA1, CA2 are not used.

The ZN427 clock signal can be generated either asynchronously
from an external source or from the microprocessor clock. If
using the MC6871 B microprocessor clock device (as supplied
with the Motorola MEKB800D2 evaluation kit), which produces
a614.4kHz clock signal, then the @2 TTL output of this can be
used directly. Note that the maximum lock frequency of the
ZN427is specified as 600kHz, although the device will function
up to greater than 1 MHz, but at reduced accuracy due mainly
to the response time of the comparator. Therefore, if using a
microprocessor with a clock frequency greater than 600kHz.
then this can either be divided down to less than 600kHz, or it
may be used directly up to approximately IMHz if some loss of
accuracy can be tolerated. The advantage of using the
microprocessor clock over an external clock is that it allows an
accurate calculation of the conversion timetobe made interms
of the microprocessor machine cycles eliminating the need to
use microprocessor interrupts.

The START CONVERT pulse is generated using a ‘D’ type flip-
flop (1/2 SN74L74) in order to meet the timing requirements
discussed earlier. A conversion cycle is initiated by outputting
a logic ‘0’ followed by a logic ‘1’ from the CB2 line of the PIA.
This drives the CLEAR input of the ‘D’ type and setsthe START
CONVERT (SC)input of each 427to a logic ‘0’ viathe Qoutput.
The first positive going clock edge after the CLEAR input is
returned to alogic ‘1 * willclock the ‘D’ type and setthe SCinput
of each ZN427 at a '1 ' allowing the conversion cycle to
proceed. Note that while the SC input of the ZN427 is at a logic
‘0" level the MSB output will be drivento a logic '1 ‘ and all other
data outputs to a logic ‘0’ and the conversion cycle will be held.
Onthe 9th negative clock edge afterthe START pulse the END
OF CONVERSION outputs will go to a logic ‘1" signifying the
end of the conversion cycle. This can be detected by
programming the PIA to set the microprocessor interrupt input
on the positive going edge of the CBI control line. The EOC
outputs of up to four
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ZN427s can be ‘wire-or'd’ together to produce a common
interrupt line as shown in Fig. 5. Alternatively, if using the
microprocessor clock (at up to 1MHz), thenthe EOC output will
always occur within. 10 microprocessor machine cycles after
the instruction setting the CB2 control line back to a logic ‘1". A
suitable fixed delay can therefore be built into the program to
allow for the conversion time. '

Thebinary output data of each ADC canbe read by programming
the peripheral lines PBO-PB7 as INPUTS and loading the data
onto the converter bus by outputting a logic ‘1 ' on the
appropriate PA peripheral line in order to enable the 3-state
output buffers of the ADC. A microprocessor read instruction
on the PIA peripheral register ‘B’ will then transfer the data to
the microprocessor. Obviously the program should be so
arranged that, in order to avoid bus connection problems, only
one ADC is enabled at any one time.

The circuit diagram Fig. 5 shows the ZN427s connected for a
unipolar input range of 0 to + 10 volts. Other ranges, e.g. 5V,
+10V and 15V, can readily be obtained by using a simple
resistor network as shown in the ZN427 data sheet.

The negative supply shown for the ZN427 is from - 5 volts
through an 82kQ resistor. By suitable choice of resistor value
any negative supply between -3 and -30 volts may be used. For
applications where only a single + 5 volt supply is available, a
simple diode pump circuit can be usedto generate the negative
supply. Further information on the negative supply and adiode
pump circuit suitable for up to 5 ZN427s is shown in the data
sheet.

Data is output from the system by programming the peripheral
data lines PB0-PB7 as OUTPUTS and wiring the binary data
from the microprocessor into the PIA peripheral register ‘B’.
The ENABLE input of the relevant ZN428 is driven to a logic ‘0’
and back to logic ‘1’ via the appropriate PA peripheral line,
which will transfer the data from the converter bus to the input
data latches of the ZN428. Again the programmer must ensure
during an output data transferthat all the ZN427s and the other
ZN428 are disabled.
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The analog outputs of the ZN428 are shown, taken directly
from pins 5 and 8 which will provide an output range from O volts
10 Ve through a 4kQ output resistance. A small capacitor
can be connected across the output pins as shown in order to
remove any “glitches” which may be present. The value of this
capacitor depends onthe system noise and the response time
required, however for the minimum specified settling time it
should not be greater than 100pF. An output buffer amplifier
was omitted from the ZN428 design in order to allow optimum
settling time, flexibility and lowest cost. Both unipolar and
bipolar output ranges can readily be obtained by using an
extérnal amplifier, details of which are given inthe ZN428 data
sheet. ) )

The ZN428 is provided with separate analog and digital ground
pins. These can normally be connected together close to the
device and taken to signal ground: However for noisy systems
orenvifonments it may be advisable to keep the analog ground
pins for each individual ZN428 separate from the digital ground
pin, and to connect each analog ground to a single common
earth point in the system away from sources of digital noise
such as clock oscillators, digital buses:. etc. The analog output
ground line or terminal should also be taken direct to this
common earth point. (Note: The maximum voltage between
analog and digital grounds is limited to 200mV.)

Common reference voltage can be provided by connecting the
Vier our PN of one converter to the V. pins of up to five
converters (i.e. either ZN427s or ZN428s). This useful feature
saves power and gives excellent gain tracking between
converters. Fig. 5 shows the four ZN427s driven from one
internal reference and the two ZN428s from another.

Note that in this application the dynamic characteristic of the
ZN427/428 (i.e. enable/ disable delay times, etc.) should not
present any problems since they are much less than the
microprocessor instruction execution times and need not be
considered in the programming.
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Program example

A simple program which illustrates the ease of controlling the
ZN427/ZN428 withthe PIAis shown withthe flow diagram, Fig.
6. The object of the program is to read the analog voltage
inputs to ADCs 1 and 2, calculate the mean value and output
this on DAC1. A similar operation is performed on the inputs
of ADCs 3 and 4 and output on DAC2.

It is assumed that the PIA has been reset which has the effect
of zeroing all the PIA registers. This sets all the peripheral and
control lines as INPUTS and disables the interrupts. Initially the
index register is loaded with the PIA base address in order that
the indexed addressing mode can be used throughout the
program to address the PIA. The peripheral lines PAO-PA7 are
programmed as OUTPUTS and the control registers set so that
control line CB2 operates in the SET/RESET output mode and
the interrupt flag bit CRB-7 is set with a positive going edge on
control line CB1. All the converters are disabled by outputting
30H and the PIAlines which sets the OUTPUT ENABLE inputs
of the ZN427s to a logic ‘0’ and the ENABLE inputs of the
ZN428s to a logic ‘1. A dummy read is made of the B data
register to clear the interrupt flag bit CRB-7.

A START signal is then generated via control line CB2 by
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toggling bit CRB-3 in control register B. The end of the
conversion cycle is detected by testing the interrupt flag bit
CRB-7 and looping at this point in the program until it goes to
a'1". (Note: The microprocessor interrupt request lines IRQA,
IRQB are disabled.) The output of ADC1 is now read by driving
peripheral line PAO to a logic ‘1’, and the data is stored in the
microprocessor accumulator B, ADC2 is read in a similar way
by setting PA1 line to a logic ‘1 * and storing the data in
accumulator A. The mean value of the readings is found by
adding the accumulators and rotating the result right one bit
through carry, this is equivalent to dividing by 2. The result is
saved in the memory location labelled 'TEMP 1'. The process
is repeated on ADC3 and ADC4, enabling the ADC outputs by
setting lines PA2 and PA3 in turn to a logic '1’, and storing the
computed result in location ‘'TEMP 2'.

The data direction register Bis now accessed andthe peripheral
line PBO-PB7 changed to OUTPUTS. The data stored in
‘TEMP 1 ‘ is outputted onto the converter bus and DAC 1
enabled by toggling line PA4 in a logic 1-0-1 sequence, which
will transfer the binary data from the bus to the DAC input
latches and hence to the analog output. A similar sequence is
performed on DAC2 with the data from ‘TEMP 2, using PAS
line to drive the ENABLE input. The program is terminated with
a software interrupt SWI, returning to the monitor program.
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6800/6820 I/0 INTERFACE - PROGRAM EXAMPLE

Location Object Comment Source statement
000 CEO004 LDX 8804 Load PIA address to IX
3 86FF LDAA FF
5 A700 STAA 0, X Set port A as outputs
7 863E LDAA 3E
[¢] A701 STAA 1, X Set controi reg. A
B A703 STAA 3, X Set control reg. B
D 8630 LDAA 30
F A700 STAA 0, X Disable converters
11 A602 LDAA 2, X Dummy read to clear flag
13 8636 LDAA 36
15 A703 STAA 3, X Set CB2 low to
17 863E LDA A 3E generate start pulse
19 A703 STAA 3, X Set CB2 high
1B A603 TEST LDAA 3, X Read control reg. B
1D 8580 BIT A 80 Test for CRB-7 high
1F 27FA BEQ TEST ie End of Conversion
21 8631 LDA A 3, 31
23 A700 STAA 0, X Enable ADC1 O/Ps
25 E602 LDAB 2, X Read ADC1 O/P
27 8632 LDAA 32
29 A700 STAA 0, X Enable ADC2 O/Ps
2B A602 LDAA 2, X Read ADC2 O/P
2D 1B ABS Add ADC1 + ADC2 readings
2E 46 RORA Divide by 2
2F 976E STAA Temp. 1 Save intemp. 1
31 8634 LDAA 34
33 A700 STAA 0, X Enable ADC3 O/Ps
35 E602 LDAB 2, X Read ADC3 O/P
37 8638 LDAA 38
39 A700 STAA 0, X Enable ADC4 O/Ps
3B AB02 LDAA 2, X Read ADC4 O/P
3D 1B ABA Add ADC1 + ADC2 readings
3E 46 RORA Divide by 2
3F 976F STAA Temp. 2 Save intemp. 2
41 8630 LDA A 30
43 A700 STAA 0, X Disable ADC O/Ps
45 863A LDA A 3A
47 A703 STAA 3, X
49 86FF LDA A FF
4B A702 STAA 2, X Set port B as output
4D 863E LDA A 3E .
4F A703 STAA 3, X
51 966E LDA A temp. 1
53 A703 STAA 2, X Put x Data on bus
55 8620 LDAA 20 '
57 A700 STAA 0, X Enable DAC1 I/Ps
59 C630 LDAB 30
5B E700 STAB 0, X Disable DAC1 I/Ps
5D 966F LDAA temp.2
S5F A702 STAA 2, X Put y data on bus
61 8610 LDA A 10
63 A700 STAA 0, X Enable DAC2 I/Ps
65 E700 STAB 0, X Disable DAC2 I/Ps
67 3F SWI End
006E 00 Temp. 1 x data
006F 00 Temp. 2 y data
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Summary

The system described in this report is by no means restricted
to the configuration shown. Provided that the drive capability of
the system components is not exceeded, the number. and
configuration of ZN427s and ZN428s which can be employed
is limited only by the /O lines available from the PIA, hence
providing the design engineer with a wide degree of freedom
in producing the system that best fulfils his requirements.

The major loading and drive characteristics of the various
system components are shown in Table 1. Buffer gates can be
employed where necessary to expand the drive capability of
the components such as when utilising a long bus with high
capacitive loading. Note that the peripheral lines from side B
are used for the converter bus since these present a high
impedance when programmed as inputs. Also the 6821 PlA is
preferred to the 6820 because this has a 2-TTL drive capability
on both A and B side peripheral lines. As stated previously up
to 4 ZN427 EOC outputs can be ‘wire-or'd’ together if using
more than 4, then each group can be ANDed together using an
SN7409 TTL gate to produce a single interrupt line.

If required separate START signals can be generated for each

AN192

ZN427 hence allowing a microprocessor read of one ADCtobe
in progress while the other(s) are in a conversion cycle.
However this configuration does require one peripheral line
and one ‘D’ type flip-flop per START signalline. Since only one:
ZN427 or ZN428 should be enabled at any one time, then it is
possible to incorporate one or more decoder types of IC such
as the SN74154, 4 line to 16 line demultiplexer/ decoder in
order to expand the system. This device could be connected
with'the 4 data inputs connected to 4 PA peripheral lines and

-the decoder enable input driven by CA2 line. Use of two such

ICs would provide 32 output lines allowing an analog 1/O
system with a combination of up to 32 analog input and output
channels to be produced.

As a result of the low converter cost; low external component
count and flexibility of this type of system, designs based on
using one converter per analog channel will be both a practical
and economical solution to microprocessor data acquisition
problems. This approach should find many new applications in
areas which have previously been limited by the necessity of
havingto usethetraditional data acquisition methods involving
asingle, high cost hybrid A-D converter utilising a sample/hold
and multichannel multiplexing techniques.
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MC6820

PAO - PA7/CA2

PBO - PB7/CB2

CA1/CB1

-1.6mA max
-100pA min
1.6mA min
-100pA min

\> 10pA max.
/

1.6mA min
-100pA min

2.51A max.
(atV,, = 0to 5.25V)

-2.4mA max
-200pA min
3.2mA min
-200pA min

.‘} 10pA max.
7

3.2mA min
-200p.A min

2.5pA max.
(atV,, =0t05.25V)

ZN427

8
H
IH (Clock)
oL
OH
OHX

Off state
leakage)

|
|
|
|
|
|
(

-5pA max
15uA max
30pA max
1.6mA min
-100uA min
2pA max

ZN428

All inputs

-5uA max
20pA max

NOTE Currents specified at 0.4 and 2.4V unless otherwise stated
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A Serial Interface for the ZN427 A-D Converter

AN179

In many data acquisition applications it is advantageous to situate the A-D converter close to the transducer and to
transmit the digital data in serial form back to the data collection centre of the system. The serial data link uses less
conductors and provides better noise immunity than a parallel data bus. This application note describes a RS-232C
compatible serial data interface for the ZN427 8-bit A-D converter using an industry standard 6402 UART. A simplified

block diagram is shown in Fig. 1.

START/STOP
CONTROL
SIGNALS

TRANS-

DUCER ADC —

o MICRO-
SERIAL
\ K / 1/0 poRT | CUMELER

_—i‘ﬁ’

ANALOGUE
SIGNAL PARALLEL
DIGITAL
0ATA

SERIAL
TRANSMIT / RECEIVE
DATA

Fig.1 Serial data interface

In order toinitiate a conversion cycle a character is transmitted
by the microcomputer. Upon receipt of this character by the
UART its DR (data received) output goes to a high level which
generates a start pulse for the A-D converter triggering a
conversion cycle. At the end of the cycle the EOC (lend of
convert) output is used to load the converted data into the
UART which performs a parallel to serial conversion and
transmits the data back to the microcomputer.

The ZN427is an 8 bitsuccessive approximation A-D converter.
It features three-state output buffers to permit bussing onto
common data lines, fast 10uS conversion time and no missing
codes over the full operating temperature range.

The ZN427 contains a voltage switching D-A converter, a fast
comparator, successive approximation logic, three state output
buffers and a 2.5V precision bandgap reference. A logic
diagram of the converter is shown in Fig. 2. Only afew passive
external components are required. For basic operation these
areaninput resistor, areference currentresistor and stabilising
capacitor, and alimiting resistor for the negative supply current.
This will provide a nominal input voltage range of 0 to V__IN.
Other input ranges both unipolar and bipolar can be obtalned
by connecting a simple resistor network to V,, (pin 6) as
illustrated in Figs. 3a:and 3b. Further information onthe ZN427
can be found in the data sheet
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~.COMPARATOR 259
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/ 5
EXTO~ 4 o
SUCCESSIVE APPROXIMATION WR (START CONVERSION)
oo o ‘ REGISTER !0 BUSY (END OF CONVERSION)
Ve 02 3-STATE OUTPUT BUFFERS Z_ORD (OUTPUT ENABLE)
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W 2 113 e |15 |6 |7 |8
PSR S

o
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Fig.2 System diagram

AN [CVREF IN AIN O——l IOVREF IN

P15k 1M P2 P1 10k ™ P2
GAIN ZERO GAIN ZERO
ADJUST ADJUST ADJUST ADJUST
R1 5k6 680k | |R3 R1 11k 680k | [R3
A .
TOPING n TOPING
R2 8Kk2 + 2% RESISTORS R2 5k6
+20% POTENTIOMETERS

+5V FULL-SCALE +10V FULL-SCALE

Fig.3a Unipolar operation - component values
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AIN VREF AIN :VREF
5k 10k
OFFSET 7 OFFSET 8k2
ADJUST ADJUST

i

13k 27k

TOPING {———‘-—' TOPIN6

5k 5k
GAIN GAIN
ADJUST ADJUST
+ 2% RESISTORS
+20% POTENTIOMETERS
13 8k2
+5VOLTS FULL SCALE +10VOLTS FULL SCALE
Fig.3b Bipolar operation - component values
A detailed circuit diagram of the converter interface is shown in Fig.4.
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5 e |
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Fig.4 ZN427 UART interface
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The DR output of the UART is connected to the ‘D’ input of the
7474 atch, the ‘Q’ output of which drives the WR (startconvert)
input of the ADC. The use of this ensures that the timing of the
WR pulse with respect to the converter clock input is correct.
Onthe ninth negative clock edge after the WR pulse the BUSY
output goes to a high level signalling that the conversion cycle
is complete. This low to high transition is used to load the data
into the UART via the TBRL (transmitter buffer register load
input). The signal is gated with the TBRE (transmitter buffer
register empty) signal which holds the TBRL input high untilthe
UART transfers the data to its transmitter register. If TBRL
were allowed to return low before TBRE went high the converter
data would be overwritten since the TBR (transmitter buffer
register) is a transparent latch. The TBRE signal is also used
to drive the DRR (data received reset) input which clears the
DR output to a low level allowing another character to be
received.

The waveforms associated with this operation are shown in
Fig. 5. A simple oscillator using a 555 I.C. is shown which

generates both the ADC clock and the transmit/receive clocks
forthe UART. The external clock is 16 times the data rate, the
signal being divided internally by the UART. If a more stable
data rate is an important factor then the 6403 UART, which is
functionally similar but which uses a crystal oscillator as the
timing source. may be substituted. In this case the ADC clock
would still be generated by the 555 since it is not necessary for
the converter and UART clocks to be synchronised. The UART
controlinputs CLS1, CLS2 (character length select); Pl (parity
inhibit); EPE (even parity enable); SBS (stop bit select) are
hard wired for whatever data format is wanted.

The MR (master reset) input is driven via a 7414 Schmitt trigger
I.C. from a R-C delay circuit to generate the recommended
reset pulse after power up.

The 1488 and 1489 I.C's shown buffering the UART TRO
(transmitter register output) and RRI (receive register input)
pins are RS-232C compatible line drivers and receivers.

Fig.5 ZN427 UART interface waveforms
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In some applications incorporating microcomputers with RS-
2328 serial 1/O ports no additional interfacing at the data
collection centre end will be necessary. However if only a
parallel I/O port is provided than another UART to convert the
serial data back to parallel willbe needed. An interface for the
PET microcomputer which connects to the Parallel User Port
on connector J2 is shown in Fig. 6. This uses the eight I/O data
lines. PAO-PA7 and two control lines CA1 and CB2 which
originate from a 6522 versatile interface adaptor |.C. The data
lines PAO-PA7 are connected to the RBR (receive buffer

AN179

register) outputs of the UART. The CA1 input is driven by the
UART DR output and is operated in the latched mode which
stores the received data within the VIA on a positive transistion
of this pin. In order to initiate a new reading from the ADC the
remaining control pin CB2 is used. This is connected to the
UART inputs DRR and TBRL. When programmed to produce
a negative pulse the DR output is reset and a character is
transmitted to the converter UART to start a new conversion
cycle.

+ +5V

555
0SC
TRC Ye¢  CRL
RRC cLst S
+5V cLS2
EPE
e ORR
2 1489 RRI TBRL ] —.‘}:‘_ €82
6402 DR — CAl 6522
UART
VIA
TRO RBR1- \ PAO-
RBRB 8 PA?
MR A
RRD
SFD PE }——NC
10k Pl FE f—NC L
SBS GND OE}——NC
M

Fig.6 6522 VIA UART interface

A simple program example in PET basic is shown in the next page.
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PROGRAM EXAMPLE

10 REM UART INTERFACE REV. 3
20 REM SET PORT A TO INPUTS

30 POKE 59459, 0

50 POKE 59470, 2
60 REM SET PCR TO 111 XXXX 1

70 POKE 59468, PEEK (59468) OR 225

80 REM SET ACR TO XXX000X1

90 POKE 59467, PEEK (59467) AND 227 OR 1
100 REM CLEAR CA1 FLAG IN IFR

110 A = PEEK (59457)

120 REM PULSE CB2 LOW-HIGH

130 POKE 59468, PEEK (59468) AND 31 OR 192
140 POKE 59468, PEEK (59468+ OR 225

150 REM WAIT FOR +TRAN ON CA1

160 REM TEST CA1 FLAG IN IFR

170 IF (PEEK (59469) AND 2) THEN 190

180 GOTO 170

190 REM READ IRA AND CLEAR CA1 FLAG
200 A = PEEK (59457)

210 PRINT A

220 GOTO 120

Initially the appropriate VIA internal registers are set upthen a
negative going pulse is produced on the CB2 pin. This starts
aconversion sequence and when the new data is received the
CA1 input goes high, latching the data in the VIA, and setting
the CA1 flag bit in the interrupt flag register. This flag is tested
by the program and when set the data is read and printed out.

CB2 is again pulsed low and the sequence repeated.
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For 6502 based microcomputer systems where all /O lines of
a 6522 VIA are available the CA2 pin can be used in the read
handshake mode in place of the CB2 pin, simplifying the
program. Also the status flag of the UART can be monitored
by other I/O port lines for erro

checking purposes.



Interfacing the ZN427 A-D Converter
with the 8085A AN1S0 - 2.1

The growth of microprocessors has led to a demand for low cost, fast 8-bit A-D and D-A converters to interface between
the real world of analog values and the digital world of the microprocessor. Converter systems have, until recently, been
mainly high cost, multiplexed, sample and hold systems usually built around a 12-bit A-D converter. The system described
in this report is a low cost, expandable, one converter per channel system, based on the ZN427 8-bit A-D converter

interfaced directly to the I/O Ports of the 8155 2K bit static '/RAM’, which forms part of the basic 8085A microprocessor
system.

i

Xy X2
8085 CPU
Apo Apo/DATA CONTROL
Do 4000 SYSTEM BLOCK DIAGRAM
Aa-hs{\‘mr
Ap7 - PORT A CONVERTER DATA BUS R
a1ss
) PORTB
J}’) 8156 :‘)
RAM-1/0 T
TIMER |
ce PORTC N

Ls8 mssJ __l

ZN427 |oc ZN4a27 ZNA427

aoct [ ADC2 ADC3
v o

s |
32
2%
L

D D ] D
AN | AN AN AN
L — |77
s |
B355 ROM
OR
8755 PROM
Ag-A10,
KL v AV
Fig.1 System block diagram
The ZN427 A-D converter
The ZN427 is a monolithic 8-bit, successive approximation A- operating temperature range. The ZN427 contains a voltage
Dconverterdesigned for microprocessorcompability. Itfeatures switching D-A converter, a 2.5V precision band gap reference,
fast 15us conversion time, three-state outputs to permit bussing a fast comparator, successive approximation logic, and three-

on common data lines and no missing codes over the full state output buffers.
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Operation of the ZN427 is best described with reference to the
timing diagram - Fig. 3. Conversion is initiated by a start

Fig.2 ZN427 logic diagram

going clock pulse. Application of the SC pulse sets MSB to a
'1" level and all other bits to a '0', which produces a voltage

convert (SC) pulse which can be applied asynchronously with
respect to the ZN427 clock providing the following criteria are

met.

1. The leading edge of the SC-pulse should precede the first
active (negative going) edge of the clock (after trailing edge of
the SC pulse) by at least 1.5us to allow for MSB setting.

2. The trailing edge of the SC pulse must not occur within
+200ns of a negative going edge of the clock.

3. As aspecial case of conditions (1) and (2) the SC pulse may
be coincident with, and of the same duration as, a negative

output from the D to A converter of V ... This value is
compared with the input voltage V,, and a decision is made on
the first negative clock edge to setthe MSB 100" if V..o > Vi
orelsetokeepitat 1. Bit2is switchedtoa'1'onthe same clock
edge, and on the next edge a decision is made about bit 2,
again by comparing the D/A output with V.. This process is
repeated for all eight bits so that when the END OF
CONVERSION (EOC) output goes high the digital output from
the converter is valid representation of V. The binary output
is latched until the next START pulse. The three-state data
outputs are OFF (high impedance) when OUTPUT ENABLE
(OE) is a'0" and are enabled when the OE input is taken to a
"1
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The 8085A microprocessor system

It is assumed that the reader is totally familiar with the 8085A
microprocessor system, information on which can be obtained
from the MCS-85 users manual, so only a brief description is
given here.

The 8085A is a complete 8-bit parallel central processing unit.
A minimum component 8085 microcomputer system can be
built from just three chips - the 8085A CPU, an 8355 or 8755
ROM or PROM, and an 8155 or 8156 RAM/TIMER/I-O chip.
The 8155/8156 provides, in addition to 2k bits of Static RAM,
two programmable 8-bit I/O Ports, one programmable 6-bit 11O
Port and a programmable 14-bit binary timer counter. (The
difference between the 8155 and the 8156 is that on the 8155
the CHIP ENABLE is active LOW, and on the 8156 it is active
HIGH).

The ZN427 interface

This application note describes how up to 4, ZN427 ADCs can
be connected to the /O ports of one 8155 RAM to provide 4
analog input channels to the microprocessor system. Since
most 8055 based systems include the SDK-85 system design
kit will incorporate one or more 8155s, then the addition of
analog input channels would involve minimum additional
hardware and design effort. An advantage of using the 8155
/0 ports is that no additional address decoding or bus
demultiplexing and buffering hardware is necessary.

For existing systems, if spare I/O ports are available then
analog inputs can easily be added without any major
modifications to the hardware. Also the expansion of the
number of input channels to a system by addition of extra
8155s should be easily implemented since this device is
directly bus compatible with the 8085A .

The 8155 I/O ports are allocated as shown inthe logic diagram,
Fig.1. Port Ais programmed as INPUTS and provides an 8-bit
data bus which connects to the three-state binary data outputs
of each ZN427. Port B is programmed as OUTPUTS, the lower
4-bits provide the start convert and the upper 4-bits provide the
output enable signals to each ZN427. The END OF CONVERT
output of each-ZN427 is connected to a port C pin, which are
programmed as INPUTS to provide the individual BUSY FLAGS
for each ZN427. Note that only 4- of the 6-bits available from
port C are used.

The ZN427 clock can be supplied either from an external
source or from the 8085A CLOCK OUTPUT. Since the 8085A
clock willnormally be at 3MHz, it will be necessary to divide this
down by at least afactor of 4. This is achieved in the circuit, see
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Fig.6, by means of a dual JK flip-flop (7473) connected as a 2-
bit binary counter. (Note: This will provide a clock frequency of
750kHz which is a little higher than the ZN427 clock frequency
spec. minimum of 600kHz. However, for most practical
applications the loss in accuracy due to this willbe minimal.) An
external clock could be used for the ZN427 but the advantage
of using the microprocessor clock is that it allows an accurate
calculation of the ZN427 conversion time to be made in terms
of the microprocessor CLOCK CYCLES (or 'T' states).

(Note: To avoid confusion, future reference to clock will mean
the ZN427 clock signal unless specifically stated otherwise.)

The START CONVERT pulse is generated using a ‘D' type flip-
flop('/,7474)inorderto meetthetiming requirements discussed
earlier. Aconversion cycle is started by outputting a'0' followed
by a'1' from the appropriate port B output to the CLEAR input
of the ‘D’ type which sets the SC input of the ZN427 to '0". The
first positive going clock edge afterthe CLEAR inputis returned
to a '1' clocks the 'D' type and sets the SC input to '1". This
sequence is illustrated in the start pulse timing diagram, Fig.4.

Onthe 9th negative clock edge afterthe start puisethe END OF
CONVERT output goes to a '1' signifying the end of the
conversion process, this can be detected by an1/O read on port
C. However, when generating the ZN427 clock from the
microprocessor clock as shown, the EOC output will always
occur within 35 microprocessor clock cycles after the OUT
instruction returning the SC to a '1". In this case it is not
necessary to pollthe EOC outputs, the ZN427 data outputs can
be read after a suitable fixed delay in the program. For
application where process time is at a premium or if immediate
response is required to an EOC output, a microprocessor
interrupt can be generated by connecting the EOC output
direct to one of the 8085A restart inputs. The EOC outputs of
two 4-ZN427s can be ‘wire-OR'd' to produce a common
interrupt line. Usually, however, the fast conversion time of the
ZN427 (15us) will make it not worth-while to employ
microprocessor interrupts since the conversion time takes less
than 6/7 typical microprocessor instructions .

The binary output data is applied via the converter data bus to
port A of the 8155 by driving the OE output to a '1* from the
appropriate port B bit. Obviously the program should be
arranged so that the outputs of only one ZN427 are enabled at
any one time, in order to avoid bus contention problems. Note
that in this application the output enable and disable switching
times (which are specified at 250ns max.), need not be
considered since they are much less than the instruction
execution times.
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Fig.4 Start pulse timing diagram

The circuit diagram, Fig. 6 shows the ZN427s connected for a
unipolar input range of 0 to +10V. Other ranges, e.g. +5V,
+10V, and+5V can be readily obtained by using the appropriate
resistors as shown in the ZN427 data sheet. Note also that the
reference, V.., of up to five ZN427s may be driven from one
internal reference. This useful feature saves power, discrete
components, and gives excellent gain tracking between the
converters.

In the circuit the negative supply to the ZN427s is through an
82k resistor from -5V. By suitable choice of resistor any
negative supply of - 3to - 30 volts may be used. For applications
where only a positive 5 volt supply is available, a simple diode
pump circuit suitable for up to 5-ZN427s is shown in the ZN427
data sheet.

Program example

A simple program is given together with the flow diagram in
Fig. 5, which illustrates the ease of controlling and reading the
ZN427 with the 8155 1/O ports.
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Following the flow diagram it is seen that after initialisation of
the stack pointer the I/O ports of the 8155 are defined - ports
A and C as INPUTS, port B as OUTPUTS. A simultaneous
START CONVERT pulse is sent to all the ADCs by outputting
logic ‘O’ followed by logic "1 to the lower 4-bits of port B. The
EOC outputs of the ADCs are then read via port C and tested
for a logic '1" to check if the conversion process has finished.
The microprocessor will loop on this part of the program until
the EOC output of all the ADCs go to '1'. When this occurs the
program proceeds by enabling the outputs of each ADC inturn
and reading the binary data via port A. The ADC outputs are
enabled in turn by outputting a logic '1’ to each of the upper 4-
bits of port B (keeping the other 3-bits at '0' and the lower 4-bits
at a '1"). The data from each ADC is stored in consecutive
memory locations, starting at the address labelled 'DATA'. The
H and L register pair hold the memory address at which data
istobe saved;these are incremented for each read ofthe ADC.



This program could easily be modified to act as a sub-routine
for another main program. As mentioned previously a fixed
delay could be substituted for the program loop which tests the
EOC outputs. Also instead of generating a simultaneous
START pulse separate START signals may be sent to each
ADC at different times in a control cycle.

Summary

The system described in this report should be suitable for most
applications since it allows complete control of each individual
ADC. However, the configuration can easily be changed for
particular requirements, - a few ideas are briefly described
below.

1. lfasimultaneous START pulse is adequate, thenthe START
CONVERT inputs of the ZN427s can be commoned together
and driven via one 'D' type from one port output.

2. The EOC outputs of up to 4-ZN427s can be commoned and
either taken to one port input or used as a microprocessor
interrupt signal.

3. Adoption of methods 1 and/or 2 above would use 8155 Port
bits and hence allow more ZN427s to be connected to each
8155.
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4. Instead of generating the START pulse from the 8155 it
could be asynchronously produced externally by a process
timer, photo transistor or proximity detector circuit etc., the only
timing requirement being that the pulse widthfedtothe CLEAR
inputofthe 'D'type is at least half a clock period, (i.e. 640ns with
a 320ns microprocessor clock) or 1.5us, whichever is smaller.

5. If D-A channels as well as A-D are required in one system
then ZN428,8-bit D-A converters can be mixed on the same
converter data bus as the ZN427. This will allow a designer to
tailor a system to his specific A-D and D-A requirements .

It is hoped that after reading this application note, the reader
will have a much better insight into the operation and versatility
of the ZN427, and into how it can easily be interfaced to a
microprocessor system.

In order to avoid duplication only the relevant ZN427

characteristics were discussed inthis report. For afull description
and specification of the ZN427 please refer to the data sheet.
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of 8155

Send start pulse
to all ACD's

l

Read EOC

outputs

Finished
Conversion

Read each ADC

output in turn

l

Store results

in memory

Halt

8155 PORT ALLOCATIONS

PORT A

PAO BINARY DATA LSB
PA1 BINARY DATA LSB+1

PAB BINARY DATA MSB -1
PA7 BINARY DATA MSB

PORT B

PBO ADC1 SC INPUT
PB1 ADC2 SC INPUT
PB2 ADC3 SC INPUT
PB3 ADC4 SC INPUT
PB4 ADC1 OE INPUT
PB5 ADC2 OE INPUT
PB6 ADC3 OE INPUT
PB7 ADC4 OE INPUT

PORT C

PCO ADC1 EOC OUTPUT
PC1 ADC2 EOC OUTPUT
PC2 ADC3 EOC QUTPUT
PC3 ADC4 EOC OUTPUT

I/P PORT ADDRESSES

20 COMMAND/STATUS REG
21 RAM PORT A
22 RAM PORT B
23 RAM PORT C
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Fig.5 Program flow diagram




ZN427 - 8085A PROGRAM EXAMPLE

AN190

Location Object Source statement Comment

2000 31C8204 LXI SP. 20C8 Intialise Stack pointer
2003 3E02 MVI A, 02H Define 1/0 ports

2005 D320 OUT 20

2007 3E00 MVI A, 00H

2009 D322 ouT 22 Send start to ALL ADC's
200B 3EOF MVI A, OFH

200D D322 OuT 22

200F 060F MVI B, OFH

2011 DB23 LOOP: IN 23 Read EOC s

2013 AOQ ANA B Strip upper 4 bits
2014 B8 CMP B Test if ALL EOC s
2015 C21720 JNZ LOOP are A'l'

2018 213B20 LX! H, DATA

201B 3EIF MVI A, 1FH

201D D322 OUT 22 Enable ADC 1

201F DB21 IN 21 Read ADC 1

2021 77 MOV M, A Save in Loc., DATA
2022 23 INXH Increment pointer
2023 3E2F MVI A 2FH

2025 D322 OuT 22

2027 DB21 IN21 Read ADC 2

2029 77 MOV M, A Save in Loc. DATA + 1
202A 23 INX H

202B 3E4F MVI A 4FH

202D D322 OuT 22

202F DB21 IN 21 Read ADC 3

2031 77 MOV M, A Save in Loc. DATA +2
2032 23 INXH

2033 3E8F MVI A8 FH

2035 D322 OuUT 22

2037 DB21 IN 21 Read ADC 4

2039 77 MOV M, A Save in Loc. DATA + 4
203A 76 HLT

203B DATA:

203C

203D

203E
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SYSTEM +5V <t o CONVERTER DATA (SUB) BUS
PR e SE == ESSE
Towesa | Jafatper 18 Bik:l 19 Afmd
MICROPROCES
IN A7 N A7 IN 427
SYSTEM ADC 2 ADC 3 ADC &
PoRTY
SYSTEM 3 :_m.:m. ::quumx :.3:%
0 u w
g3 A K K
OCK
_ sy
01
% b ) SUPPLY
§ R or R fo aP b
) Wuﬁ“ W Wr.r
|.ﬂ_ o)
AndAgnp | ‘ And Ad Aco
COMMON CLOCK )

NOTE: FOR 10V UNIPOLAR OPERATION

R1 = 10K POT + 11K IN SERIES
R2 = 5,K6
R3 = 1M POT + 680K IN SERIES
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Interfacing the ZN428 D-A Converter ~
with the 8085A AN189 - 2.2

This report describes a simple, low cost, expandable multichannel D-A system based on the ZN428, 8-bit D-A converter
interfaced directly to the I/O ports of the 8155, 2K bit static RAM, which forms part of the basic 8085 microprocessor
system.

i

Xy X2

8085A CPU

Apg Ap@/DATA CONTROL

N
Ag-A1s :%l;‘ PORT A CONVERTER DATA BUS
>Z> K- I 1l —

Lss| [mss

8155 EN| ZN428 ZN428 ZN428 ZNA428
OR PORT B DAC1 DAC2 DAC3 DAC4

RAM/I-0
NOT
TIMER USED <L é <|.> <L L g
A A A, A A A A, A
cE PORT C OuUT GND OuUT GND ouT ‘GND ouT GNI)>

SN2
2
&

8355 ROM
> OR
8375 PROM
Aa-‘\wy
\L A4 A4
Fig.1 System block diagram
The ZN428 D-A converter
The ZN428 is a monolithic 8-bit D-A converter with input guaranteed monotonic over the full operating range. It also
latches to facilitate updating from a data bus. The latch is contains a 2.5 volt reference the use of which is pin optional to
transparent when ENABLE is at logic '0' and the data is held retain flexibility. An external fixed or varying reference may

when ENABLE is takento logic'1'.' The ZN428 features single therefore be substituted.
+5 volt supply requirements, fast 800ns setting time and is
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ANALOG 1
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BIT 8

A SWITCHES
GROUND BW L J
" Ve 5 IRERERER
DIG! TAL Jd
GROUND 3 1 DATA LATCH
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[

6 ¢
4 2 BIT 1(MSB)

Fig.2 ZN428 logic diagram

The converter is of the voltage switching type and used R-2R
ladder network. Each 2R element is connected to the 0 volt or
Ve i DY transistor voltage switches specially designed for low
offsetvoltage (1 millivolt). Abinary weighted voltage is produced
at the output of the R-2R ladder network the nominal output
range of the ZN428 being O volt to V., through a 4kQ
resistance. Other output ranges can readily be obtained by
using an external amplifier.

The 8085A microprocessor system

It is assumed that the reader is totally familiar with the 8085A
microprocessor system, information on which can be obtained
from the MCS-85 users manual, so only a brief description is
given here.

The 8085A is a complete 8-bit parallel central processing unit.
A minimum component 8085A microcomputer system can be
builtfrom justthree ICs - the 8085A CPU, an 8355 or 8755 ROM
or PROM, and an 8155 or 8156 RAM/TIMER/I-OIC. The 8155/
8156 in addition to 2K Bits of Static RAM, provides two
programmable 8-bit /O ports, one programmable 6-bit I/O port
and aprogrammable 14-bit binary timer counter. (The difference
between the 8155 and the 8156 is that on the 8155 the CHIP
ENABLE is active LOW, and on the 8156 it is active HIGH.)

The ZN428 interface
This application note describes how one or more ZN428 DACs
can be connected directly to the /O ports of an 8155 RAM to

provide analog output channels from the microprocessor
system.
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Since most 8085 based systems, including the SDK-85 system
designkit, will incorporate one or more 8155s then the addition
of analog output channels can be made with the minimum of
extra hardware and design effort. An advantage of using the
8155 1/O ports is that no additional address decoding or bus
multiplexing and buffering hardware is necessary. For existing
systems, if spare I/O ports are available then analog outputs
can easily be added without major modifications tothe hardware.
Also expanding the number of output channels by means of
addition of extra 8155s should be easy to implement, since the
8155 is directly bus compatible with the 8085A. Fig. 3 shows
4-ZN428s connected to the I/O ports of one 8155. Port A is
programmed as OUTPUTS and provides a common 8-bit data
bus which is connected to the binary data inputs of each
ZN428. The ENABLE inputs of each of the ZN428s are
connected to separate pins onport C which is also programmed
as OUTPUTS. Note that in this configurationonly 4 of the 6 port
C pins are used and port B is also unused.

The reference voltage of all converters, is provided by
connecting the V.., pin of one ZN428 to the V. pins of
all the ZN428s as shown. This useful feature saves power,
components and gives excellent gain tracking between
converters. Up to five ZN428s may be driven from one internal
reference in this way.



The circuit, Fig. 3, shows the outputs of the ZN428s taken
directly from pins 5 and 8. This will provide an output range of
OVto V.. through a 4kQ outputresistance. A small capacitor
can be connected across the output pins as shown in order to
remove any ‘glitches’ which may be present. The value of this
capacitor depends onthe noise inthe system and the response
time required, however, for the minimum settling time it should
not be greater than 100pF. The output buffer amplifier was
omitted from the ZN428 in order to allow greater system speed,
flexibility and lowest cost. Both unipolar and bipolar output
ranges can readily be obtained by using an external amplifier,
details of which are given in the ZN428 data sheet.

The ZN428 is provided with separate analog and digital ground
pins. These can be connected together close to the IC pins.
However, for noisy systems or environments it may be better
to keep the analog ground pins for each individual ZN428
separate from the digital ground, and to connect each analog
ground to a single common earth point in the system, away
from sources of digital noise such as clock oscillators, digital
buses etc. The analog ground output line or terminals should
also be taken direct to this common earth point. (Note: The
maximum voltage between analog and digital grounds is
limited to 200mV.)

Data is fed to a converter simply by outputting the binary data
onto the common bus from port A of the 8155. The appropriate
output from port C is then driven to a logic '0' level then back
to a logic '1". This will transfer the binary data on the bus into
the inputlatches of the ZN428. The ENABLE inputs of converters
which are not being updated are held at logic'1". The datafrom
port A can now be changed and the next converter updated as
and when required as determined by the controlling program
of the microprocessor. Note that in this application the data
set-up and data hold times and enable pulse widths need not
be considered sincethey are much less than the microprocessor
instruction execution times.

AN189

Program example

A simple program is given together with the flow diagram in
Fig.4, which illustrates the ease of controlling the ZN428 in
conjunction with the 8155 I/O ports.

The object of the program is to read the binary data from four
successive memory locations and to output this data
sequentially to each of the four DACs. In practice this program
would probably act as a sub-routine outputting data derived
from some external source and operated on by the main
program.

With reference to the flow diagram Fig. 4 it is seen that after
initialisation of the stack pointer the I/O ports A and C are
defined as OUTPUTS. The H and L register pair are loaded
with the starting address in memory of where the data to be
outputted is stored. Register B determines which ADC is to be
enabled, this is set initially to 1 1 1 1 1 1 10; while register C,
which acts as a loop counter is set to 4. Data is then read from
memory into the accumulator using the H and L registers inthe
register indirect addressing mode. This data is outputted onto
the converter data bus via port A by sending the contents of the
accumulator directly to the 8155 with the ‘OUT’ instruction.
DAC 1 is now enabled by transferring the contents of register
B to the accumulator and outputting this via port C. The
accumulator contents are rotated one bit left before being
transferred back to register B, ready to enable the next DAC.
Next ENABLE is removed by outputting all 1 ‘s viaport C, Hand
L are incremented to address the next data byte and register
Cisdecremented andtested for zero. Inthis case register C will
contain 03 and the program will branch back to the address
labelled ‘LOOP’ via a conditional jump instruction, and the data
byte will be read into the accumulator. Since register B was
shifted one bit left the new data will be loaded into DAC 2 on this
cycle of the loop. The program cycles round the loop 4 times,
reading the data from memory and outputting it to each DAC
inturn until register C is decrementedto zero, at which point the
program halts.
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Start 8155 PORT ALLOCATIONS

r Initialise SR PORT A

+ PAO BINARY DATA LSB

Set ports PA1 BINARY DATA LSB+1
A and C outputs

et 1

PA6  BINARY DATA MSB -1
l Set H and L regs. = data ] PA7  BINARY DATA MSB
[Setreg.B=1111111OBJ PORT B
+ NOT USED
I Set reg. C = 04H ]
-
ol |

PORT C
Read data from memory
+ PCO  DAC1 ENABLE INPUT
] PC1 DAC2 ENABLE INPUT
PC2 DAC3 ENABLE INPUT

[ Qutput data to port A

Y PC3  DAC4 ENABLE INPUT
PC4  NOT USED
QOutput reg. B to port C ] pCS NOT USED
I Shift left reg B ] 1/0 PORT ADDRESSES

Y

20 COMMAND/STATUS REG
[ Output FFH to port C ] 21 RAM PORT A
; 22 RAM PORT B

{ Increment H and L regs. ] 23 RAM PORT C

r Decrement reg. C ]

Yes

HALT

Fig.4 Program flow diagram
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Summary

The system described in this report should be satisfactory for
most applications, however, this configuration is by no means
rigid, but is only intended as one example to demonstrate how
easily the ZN428 can be used with the 8085A microprocessor
system. Afew ideas and notes are briefly described below, and
it is hoped that these will help the design engineer to produce
the most efficient system for his particular requirements.

1. The 8155 1/0 ports can be allocated as dictated by system
requirements and availability. In the example all of port A and
four of the six port C I/0 pins are used. Port B could have been
used equally as well either for the converter data bus or to
provide the ENABLE signals.

2. If 1/0 port pins are limited and only one DAC needs to be
enabled at any one time, then a decoder IC (i.e. 8205, 1 out of
8binarv decoder) can be used to drive the ENABLE inputs. For
example 4 I/0 port pins, 3 for the address code and 1 for the
decoder enable would drive 8 DAC ENABLE inputs.

3. In order to update 2 DACs simultaneously but with different
data, then the binary inputs of one (or more) DACs could be
connected to port A and the other DAC to port B. The relevant
data could then be output on Ports A and B and then the
ENABLE inputs of both DACs driven to logic '0' together, either
by commoning the two inputs to one port C or by using separate
1/0 pins from port C but programming both bits to go low
together.
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4. The number of ZN428s which can be connected to a
common data bus is limited only by the bus capacitance and
the drive capability of the 8155 1/0 Ports. Note the low inputs
currents of the ZN428-

IIH = 20p1A at 2.4V, lIL = -5u1A at 400mV.

5. When the ZN428 ENABLE input is held at logic '0' the input
latches are held open and the data is transferred directly to the
ladder switches. Therefore, if repeatedly updating only one
DAC the ENABLE input can be held at logic ‘0" instead of
returning to logic ‘1’ after each update.

6. If A-D channels as well as D-A are required in one system,
then ZN427, 8-bit A-D converters can be mixed on the same
converter data bus as the ZN428. This will allow the design
engineer to tailor a system to his specific A-D and D-A
requirements.

Itis hoped that after reading this application note the reader will
have a much better insight into the operation and versatility of
the ZN428, and into how it can easily be interfaced to a
microprocessor system. In order to avoid duplication only the
relevant characteristics of the ZN428 were discussed in this
report. For a full description and specification of the ZN428
please refer to the data sheet.



ZN428 - 8085A PROGRAM EXAMPLE

AN189

Location Object Source statement Comment

2000 31C8204 LXI SP. 20C8 Intialise SP
2003 3E0D MVIA, 0D Define 1/O ports
2005 D320 OuUT 20

2007 212020 LXI H, DATA SetH & L = data
200 A 06FE MVI B, FEH

200 C 0EO 4 MVI C, 04H

200 E 7E LOOP: MOV AM Read data

200 F D321 OuT 21 Put data on bus
2011 78 MOV A,B

2012 D323 OuUT 23 Set Enable low
2014 07 RLC Rotate left for next DAC
2015 47 MOV B,A

2016 3EFF MVI A, FF Set Enable high
2018 D323 OUT 23

201A 23 INX H

201B 0D DCRC

201C C2 0E 20 JNZ Loop JumpIFC=0
201F 76 HLT

2020 DATA

2021

2022

2023
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Interfacing the ZN448/9 A-D
Converters to the Z80uP via a Z80 PIO

AN191 - 2.2

This report illustrates how to interface one or more ZN448/9 A-D converters to a Z80 based microprocessor system using
a Z80 PIO. Circuit diagrams and program examples are given to enable the user to get his interface system working. The
following is also applicable to the faster versions ot the Z80UP and the Z80 PIO and also to the CMOS versions. Most of
the principles described can also be applied when interfacing the ZN448/9 to other popular uPs.

In order to keep this report concise it is assumed that the reader is familiar with the Z80 system.

ANALOGUE ¢6

|
1
INPUT * O Rexr
1, > ) I
Vagr N Q————— 8-BIT DAC . 1
l I
s I
VREF OUT d}—-————-l |
CLOCK | 3 —
| 2.5V GENERATOR q) WR
] REFERENCE |
I
] ! 4!
| INTERFACE —? EQTRSL?)%K
! SUCCESSIVE < CO’:lq"gOL
GROUND Q9 APPROXIMATION REGISTER N ONTRC 1 : -
| RN | | |
Ve (+5V) (!) 10 2I
1 3-STATE BUFFERS O O BUSY

SN S 0 ) 0 |

DBy

Fig.1 ZN448/9 system diagram

THE ZN428/9 A-D CONVERTERS
The ZN448/9 are 8-bit successive approximation A-D converters
with linearity errors of +'/, and 1 LSB respectively.

Hereafter any description relating to one of these devices is
equally applicable to the other type.

All active circuitry is contained on-chip including three-state
outputbuffers, 2.5V bandgap reference and aclock generator.
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They are each capable of converting unipolar or bipolar input
voltages with the only exterpal components required for
operation being a reference resistor and capacitor, clock
capacitor, resistor to the negative supply and the analog input
scaling resistor(s) (to accommodate the different input voltages).



A conversion is initiated by taking the WR input low and then
high. The conversion then takes between 7'/, and 8/, clock
cycles after the WR positive edge. The WR input signal may
be completely asynchronous to the chip clock. The falling edge
of the WR signal sets the MSB high and the remaining bits low.
This edge also sets the BUSY output low. Once started the
converter cycles through a successive approximation routine
to arrive at aresult (see data sheet for explanation). When the
conversion is finished, the BUSY output goes high indicating
that valid data may now be read. Alow atthe RD input enables
the data outputs and a high puts them into the high impedance
state.

The devices will operate correctly with clock frequencies up to
at least 900kHz. At 900kHz the conversion time is less than
9.5us. (Infact the devices will typically operate above 900kHz
but some loss in accuracy may result.)

AN191

The negative supply requirement is minimal (e.g. 75uA) and
can easily be supplied from a simple diode pump circuit.

Further information including the input resistors required for
various unipolar and bipolar input voltages and examples of
diode pump circuits, can be obtained from the data sheet.

Z80 PIO

The Z80 PIOis aprogrammable two port device which provides
a TTL compatible interface between peripheral devices and
the Z80 CPU. It is capable of interfacing directly to the CPU
without any external logic. The two 8-bit, bidirectional ports,
each have two handshake lines (RDY and STB) for use when
transferring data to or from peripherals. Either port or indeed
any port bit, can be programmed to act as an input or output.

" 004—79—“ o 15 AO N
[o]] <——£%—. 14 Ay
02 '_AO. le 13 Az
cPu 03 2 A
jo——a A3
cort | ] g
05 «—38 o 9 o4 Fsgm A
(o] -—3 8 A
L 07 e—2 4] T Ay
-~ 6 18
PORT B/A SEL ——— l———e AROY
CONTROL/DATA SEL 280 PIO 16__ xe7H
PIO —
CONTROL § CHIP ENABLE —— 2 g N
M -—:312—. - ;: 8
ORQ =
— 35 "———.30 B2
RO ————1 83
g; ) PORT B
+SV —-—-2—§—— “';3—. :5 > 110
1) po—=——a Bg
GND ————tnd
le—34_» B,
v —Lef 2)
———7——~ 8ROY
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INTERRUPT T 8318
CONTROL INT ENABLE (N ——25—o
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Fig.2 280 PIO
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The PIO has 4 operating modes:

Mode 0 (Output mode) - All port bits are set to outputs .
Mode 1 (Input mode) - All port bits are set to inputs .

Mode 2 (Bidirectional mode) - Used for bidirectional data
transfer - not considered in this report.

Mode 3 (Control mode) - Each bit can be programmed individu-
ally to act as an input or output. Useful for status and control
applications .

We will utilise mode 1 for reading the result of the A-D
conversion. With mode 3 we can configure some of the port
bits as outputs, taking them low and high as desired (can be
used for controlling the RD and WR input on the converters)
and we can configure some of the port bits as inputs (for
monitoring the BUSY outputs). If the BUSY outputs are not
being monitored and the port bits are being used as outputs,
mode 0 could instead be used for controlling the RD and WR
inputs.

In the input mode, the STB input needs to be low to allow data
into the port. A positive edge on the STB latches data into the
port, causes RDY to go low and generates an interrupt if
enabled. During a port read the RDY line will be forced low, if
not already low, and then high.

This is a brief introduction to a complex device.

Further information can be obtained from the manufacturers
data sheets.

INTERFACING A SINGLE ZN448/9 TO THE Z80 USING A
SINGLE PORT

If it is required to interface only one ZN448 to the Z80 system,
this can be achieved using only a single port ('/, PIO). Here the
RD input on the ZN448 is tied low and hence the data outputs
are permanently enabled.

A conversion can be started with a WR pulse derived from the
RDY signal or from some other logic. Valid data can then be
read when the conversion is finished. In order to ensure this,
either a program delay can be used ((i) below) or the BUSY
output can be used to generate an interrupt via the port STB
input ((ii) below).

(i) Data acquisition using a program delay

Here adummy read is issued to the port to generate a positive
transition on the RDY output. This edge then triggers a
monostable which in turn supplies a WR pulse to the ZN448,
This initiates a conversion. The program then cycles through
a delay routine to give the conversion time to finish. After this
a genuine read is issued to the port and the data then
processed as required .

The circuit diagram is as follows:
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A 1 380n
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Fig.3 Interfacing a single ZN448 to a single port - program controlled
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PROGRAM LISTING

AN191

Comments

S

> Sets port to input (Mode 1)
J

Dummy read from port
Initialises A for delay

» Delay routine

Reads result of conversion
Stores result

Return to monitor program
(Command(s) system dependant)

PROGRAM 1
Address Object code Label Source code
NNOO 3E 4F LD A, 4FH
NNO2 D3 PORTCO OUT PORTCO, A
NNo4 DB PORT DA IN A, PORTDA
NNo06 3E DELAY LD A, DELAY
NNO8 3D (1) DEC A
NNO9 20FD JRNZ, (1)
NNOB DB PORTDA IN A, PORTDA
NNOD 32 MEM LD (MEM), A
NN10 ? 2
KEY:

NNOO = Any Suitable starting address.

PORTCO = Port control address.

PORTDA = Port data address.

DELAY = Initialisation byte for delay (see comments).

MEM = 16-bit memory location nominated for storing data. (Needs assembling in the order Lo-byte, Hi-byte in the object code).

COMMENTS

The delay required depends on processor speed and the
ZN448 clock frequency. With the ZN448 clock frequency at
900kHz, try working down from DELAY = 06H. For slower
clocks the delay may need increasing accordingly.

When the processor reads the resultof the conversionfromthe
port, afurther conversion is automatically initiated. This is of no
consequence during normal operation. However if the data is
being inspected manually for evaluation purposes, the data
can appear incorrect at the first glance. This is because the
valid data on the ZN448 outputs is one conversion behind the
data read into the processor. Hence if the analogue input
voltage is on the edge of a code transition, any noise present
could possibly cause the result in memory and the dataon the
ZN448outputs todiffer slightly. If desired this can be overcome
by examining the ZN448 outputs just before the conversion
result is read (e.g. insert a break in the program), and then
acquire the data for subsequent comparison.

The above arrangement is useful when there is only one spare
port and it can be dedicated to this purpose.

(ii) Data acquisition under interrupt control

Interrupts are useful when interfacing to slow peripherals.
However the ZN448 is not itself a slow peripheral as it can be
operated to give a conversion time of less than 10us. Hence it

does not need to be interrupt driven.

However it may be required to call on the ZN448 relatively
infrequently - as governed by some timing logic (e.g. a counter
timer chip):

(a) this timing logic could vector to a subroutine which then
starts a conversion and reads the result. In this case the
subroutine might as well incorporate a delay - this has been
covered in the previous section.

(b) alternatively this timing logic could initiate a conversion
directly or, for example, via a monostable. This effectively
makes the ZN448 appear slower and now makes interrupts
more useful.

The second situation (b) above is now considered in this
section. ltis leftto the userto configure this “timing logic”to best
suit his particular requirements.

Rememberthat BUSY goes highto signalthe endofconversion
and also thatthe port STB input resPonds o positive transitions.
Thus when BUSY is connected to STB and interrupts are
enabled, an interrupt will be generated when BUSY/STB goes
high. This would then summon a service routine to read the
result of the conversion.
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PROGRAM EXAMPLE PROGRAM STATEMENT
This is a program to start a conversion. cycle through a delay : Nominate memory locationfor storing the conversion results:
routine (until conversion has finished) and then read the result. : Decide ondelay required (see comments for suggestions).
This data is then stored in memory. ¢ ltis assumed that the port needs initialising.
Start
Y
Set port to input
4
\ Dummy read from port /
y
3\
Initialise A
- \
DEC A
To
7 produce
delay

Read port

Store result
in memory

Stop

Fig.4 Flow chart 1
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Fig.5 Interfacing a single ZN448 to a single port - interrupt driven

The capacitor on the BUSY O/P isto meet the port datato STB
rising edge set up time.

PROGRAM EXAMPLE

Here, when an interrupt is generated via BUSY, the pP is
vectored to the service routine which then reads and stores the
result of the conversion, the conversion having been previously
initiated by the timing logic.

The puP is set to interrupt mode 2, as the ports are designed to
be used in this mode. The contents of the | register and the port
interrupt vector are combined by the wP to form a 16-bit vector.

This isthen used to look up the starting address of the interrupt
service routine. The pP then loads the program counter with
this address and continues program execution from this location.

PROGRAM STATEMENTS
Nominate memory locations for the vectored address, the
interrupt service routine and for storing the conversion
result.
It is assumed that the user initiates conversion correctly
when required.
It is assumed that the port needs initialising:
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Main program

o D
Y

Set port to input

Y

Load port with
interrupt vector Lo-byte

Y

Load | register with
interrupt vector Hi-byte

'

Load vectored address
(and address + 1) with starting
address of interrupt service
routine

Set uP to interrupt mode 2

v

Enable uP interrupts

v

Enable port interrupts

Interrupt
generated?

Interrupt
service
routine

Interrupt service routine

G

\

Enable pP interrupts (they are
automatically disabled by uP
after an interrupt occurs!)

\

Save current data in A (and F)

Y

Read result of conversion
i.e. read port data

Store result

\

Restore data to A (and F)

i

(Return from interrupt )

Fig.6 Flow chart 2
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PROGRAM LISTING
PROGRAM 2
Address Object code Label Source code Comments
NNOO 3E 4F LD A, 4FH 3
\ Y .
NNO2 D3 PORTCO OUTPORTCO,A | / Setsportioinput (Mode 1)
NNo04 3E IVECL LD A, IVECL l Loads port with interrupt vector
NNO06 D3 PORTCO OUT PORTCO, A { Lo-byte
NNo08 3E IVECH LD A, IVECH ‘t> Loads | register with interrupt
NNOA ED 47 LDI, A [ vector Hi-byte
NNoC 3E SERVL LD A, SERVL k Loads vectored address (and
NNOE 32 IVEC LD (IVEC), A > consecutive address) with
NN11 3E SERVH LD A, SERVH /" starting address of interrupt
NN13 32 IVEC + 1 LD (IVEC + 1), A j service routine
NN16 ED SE IM2 set uP to interrupt mode 2
NN18 FB El Enable pp interrupts
NN19 3E 83 LD A, 83H “-} )
NN1B D3 PORTCO OUT PORTCO, A j Enable port interrupts
NN1D 76 HALT Waits for interrupt (or reset!)
NN1E ? ? Returns to monitor
(command(s) system dependant)
INTERRUPT SERVICE ROUTINE
Address Object code Label Source code Comments
MMO00 FB El Re-enables pP interrupts
MMO1 F5 PUSH AF Stores current values of AF
MMO02 DB PORTDA IN A, PORTDA Reads result of conversion
MMo4 32 MEM LD(MEM), A Stores result in memory
MMO7 F1 POP AF Restores AF values
MMO08 ED 4D RETI Returns from interrupt
KEY:

NNOO = Any Suitable starting address.

PORTCO = Port control address.

PORTDA = Port data address.

IVECL = Low-byte of 16-bit interrupt vector (in port).

IVECH = High-byte of 16-bit interrupt vector (in | register).

IVEC = 16-bit interrupt vector formed by IVECH and IVECL.

IVEG + 1 = 16-bit address one location higher up in memory than IVEC.
SERVL = Interrupt service routine starting address-low byte.

SERVH = Interrupt service routine starting address-high byte.

MMOO = 16-bit starting address for interrupt service routine formed by SERVH and SERVL.
MEM = 16-bit address nominated for storing conversion results.

(Remember that the above 16-bit addresses need to be assembled in the order LO-byte, Hi-byte in the object code).

AN191
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COMMENTS

Remember that the WR falling edge sets the MSB high and all
the other bits low. Hence the uP must latch the conversion
result before any further WR falling edges are generated -
otherwise incorrect data could be latched! This arrangementis
useful when acquiring data relatively infrequently, under the
control of some external logic, and/or when the ZN448 is
operated with a slow clock.

For evaluation purposes, a single-shot debounced WR pulse
may be supplied. Data can then be examined for integrity.

INTERFACING ONE OR MORE ZN448/9s TO THE Z80.

When it is required to connect more than a single ZN448 to a
port, some control must be exerted over the three-state out-
puts. Thisis easily achieved by connecting the RD inputs tothe
bit outputs from another port. The relevant port bits and thus
the RD inputs, can then be taken low individually, to enable
only the desired device.

Further, this controlling port can do other useful things for us,
such as generating WR pulses (by taking the relevant port
bit(s) low and back high) and checking for the end of a
conversion by monitoring the BUSY output(s).

Setting some of the port bits as inputs and some as outputs
takes advantage of the control mode (mode 3) of the port.

The enable/disable times of the converter outputs need not be
considered, since they are much less than the Z80 instruction
execution times .

DATA ACQUISITION UNDER PROGRAM CONTROL
Here one port is assigned to reading the data from the ZN448s

and another port used to control the RD and WR inputs and to
monitor the BUSY outputs.

As an example consider interfacing 2 x ZN448s as follows:

+5vo-
ARDYO——0N C 390n
Ve
Vee
)
apo—s8_g REF OUT A wse_fig 0 REFOUT
JY" S—— 1 |REF N a1 5 7 fREEN
+
A2 g 16 w7 220~ 16 “
Y- S—— T INLLB o o o A3 15 INGLB 6 ——0AaN (0 =+25V)
VY- S—— Y3 (DEVICE 1) 6 F—oO0AIN(D~+25V) Al O A 10, {DEVICE 2)
O—e—OEXT o0 EXT
AS O————{13 3 CLOCK ASO————ee——q 13 3 CLOCK
60— {12 5 26012 s
ato——1 —
wse 1. % ) a woe Le 2 3
o wr [ac feusv [ono [, ok EREREEICEN "o
e, l T
GNDO- l i

L

_I_-SV

85 0——o0
B6 O———0 L N
87 0——0

BROY 0~———0
8578 O———o

*FOR A GIVEN CLOCK FREQUENCY
THE CAPACITOR REQUIRED WILL
VARY BETWEEN DEVICES

Fig.7 Interfacing 2 x ZN448s to the Z80 using both ports of a Z80 PIO - BUSY's polled
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Note that in the circuit of Fig.7, the reference input (V) Of
the second ZN448 is driven from the reference output (Ve 7
of the first ZN448. This provides excellent gain tracking
between converters. Up to five ZN448s may be driven from a
single internalreference withoutchanging the reference resistor.

PROGRAM EXAMPLE
Here is a program to start the two ZN448s converting, then
read and store the data when they have finished the conversion.

Conversion is initiated by taking BO ( = both WR inputs) low and
then high. B4 ( = both BUSYs) is then polied until it is found to

AN191

be high, thus indicating that both ZN448s have finished
converting. Each device is then brought out of the three-state
condition in turn - by taking B1 and B2 ( = both RD inputs) low
individually - to allow the data to be read.

PROGRAM STATEMENTS
: Nominate memory ‘locations for storing the conversion
results.
It is assumed that both ports need initialising.
FEH=Take WR low word.
FDH = Select first ZN448 word.
FBH = Select second ZN448 word.
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| setpotAtoip |

Y
[ SetportBtowP | | Makes BO-+B3 high finactive)
when port O/Ps subsequently
enabled.

[ o FFH 1o por B |
Y

[ Set port B to control mode (mode 3) 1

[ set BO—~B3 as O/Ps and B4—B7 as IPs |

Take BO low

\Take BO back high /
A
Read port B

__Ba
(BUSYs)
= high?

Starts ZN448s converting.

-
P

Waits for conversion to finish
before continuing.

Yes

\Enable first ZN448 data O/Ps (take B1 low)]

Y

vead conversion result i.e. read port A/
Disables previous ZN448 O/Ps

before enabling next ZN448 O/Ps

\Disable first ZN448 data O/Ps (take B1 back high)/ ensures no data overlap.

]

\Enab|e second ZN448 data O/Ps (take B2 low)/

]

\Read conversion result i.e. read port A/

@isable second ZN448 data O/Ps (take B2 back high)/

Fig.8 Flow chart 3
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PROGRAM LISTING

Address
NNoo
NNo02
NNO4
NNo06
NNO8
NNOA
NNoC
NNOE
NN10
NN12
NN14
NN16
NN18
NN1A
NN1C
NN1E
NN20
NN22
NN24
NN26
NN29
NN2B
NN2D
NN2F
NN31
NN33
NN36
NN38
NN3A

KEY:

NNOO = Any Suitable starting address.
PORTCO1 = Port A control address.
PORTCO2 = Port B control address.
PORTDAT1 = Port A data address.
PORTDA1 = Port A data address.

Object code
3E 4F

D3 PORTCO1
D3 PORTCO2
3E FF

D3 PORTDA2
3ECF

D3 PORTCO2
3EFO

D3 PORTCO2
3E FE

D3 PORTDA2
3EFF

D3 PORTDA2
DB PORTDA2
CB 67

28 FA

3EFD

D3 PORTDA2
DBPORTDA1
32 MEM1

3E FF

D3 PORTDA2
3E FB

D3 PORTDA2
DBPORTDA1
32 MEM2

3E FF

D3 PORTDA2
?

Label

POLL

PROGRAM 3

Source code

LD A, 4FH

OUT PORTCO1, A
OUT PORTCO, A
LD A, FFH

OUT PORTDA2, A
LD A, CFH

OUT PORTDA2, A
LD A, FOH

OUT PORTDA2, A
LO A, FEH

OUT PORTDA2, A
LD A, FFH

OUT PORTDA2, A
IN A, PORTDA2
BIT 4, A

JRZ, POLL

LD A, FDH

OUT PORTDA2, A
IN A, PORTDA1
LD (MEM1), A

LD A, FFH

OUT PORTDAZ2, A
LD A, FBH

OUT PORTDA2, A
IN A, PORTDA1
LD (MEM2), A

LD A, FFH

OUT PORTDA2,A
?

MEM?1 = 16-bit address nominated for storing first ZN448 data.
MEM2 = 16-bit address nominated for storing second ZN448 data.
(Remember that MEM1 and MEM2 need to be assembled in the order Lo-byte, Hi-byte in the object code).

Comments
Sets port to input (Mode 1)

Sets port B to input (mode 1)

O/Ps FFH to port B (to make
O/Ps inactive when first enabled)

Sets port B to control mode
(mode 3)

Sets BO—B3 as O/Ps and B4—
B7 as I/Ps

Takes BO low and then back
high to start devices converting

Waits for BUSYs to go high
before contimuing

Takes RD low on first ZN448

Reads and stores first ZN448
conversion result

Takes RD back high

Takes RD low on second ZN448

Reads and stores second ZN448
conversion result

Takes RD back high

Returns to monitor
(command(s) system dependant)

AN191
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COMMENTS

The principlesillustrated in program 3 can be extended to allow
the interfacing of more ZN448s. In fact it can immediately be
seen that there are four port B lines spare that can be used for
this purpose.

Further, uptothree BUSY outputs can be connectedto a single
port bit and likewise up to three WR inputs can be driven from
a single port bit - but here the pull-up resistor may need
reducing to 2.4K. (If a CMOS PIO is used, the pull-up resistor
can be dispensed with).

We can readily interface four ZN448s by using two port lines to
drive the WR inputs and two port lines to monitor the BUSY
outputs. The remaining four port lines connecting to the RD
inputs and being used to select the required ZN448.

Ifthe BUSY outputs are not polled and a software delay is used
instead (covered in the section on interfacing a single ZN448/
9), we can interface up to 6 devices. Two of the port lines will
be needed to drive the 6 WR inputs and the remaining 6 lines
will again be used to enable the required ZN448.

Theleakage currentof the ZN448 three-state outputs need not
concern us ( + 2uA max. at 2V).

If the software needs changing to suit a particular hardware
setup, the above principles are still applicable i.e.:

@ |Initiate conversions bv taking the relevant port bit(s) assigned
to the WR inputs low and back high .

@ Ensure that conversion is over before reading the result -
by polling the BUSY outputs (or using a software delay).

® Enablethe ZN448s individually (to prevent contention) - by
taking the appropriate port bit(s) and hence RD inputs low
individually - and read the conversion result.
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In practice it may be that we are interested in only one of the
ZN448s at a particular time. Here, though we may start several
devices converting at the same time, we can just ignore the
others and read only the desired device.

DATA ACQUISITION UNDER INTERRUPT CONTROL

As discussed in the previous section on interrupts, the ZN448
is not aslow peripheral and hence does not need to be interrupt
driven. However if it is wished to utilise the ZN448 relatively
infrequently - under the control of some timing logic - then
interrupts become more useful. This is considered in this
section.

Here one port is assigned to reading the data from the ZN448s
and another portis used to control the RD inputs and to monitor
the BUSY outputs. In fact we can set the port to generate an
interrupt when only one of a number of port bits go high. Thus
we can generate an interrupt when a BUSY goes high. Inorder
to get these facilities the port needs setting to its control mode
(mode 3).

Care must be taken when using a port to generate interrupts in
this manner. This is because the bits set to give the interrupt;
must first all be low, before an interrupt can be generated on
any of them going high. Also if any of these bits remain high,
furtherinterrupts willbe prevented. Therefore, the relevant port
bits must be set low initially and must also be set back low after
the interrupting device has been serviced. This means that for
our purposes, we must ensure that the WR inputs and hence
the BUSY outputs, are low initially and are set back low again
after servicing. This can be achieved using positive edge
triggered D-type flip-flops with preset and clear inputs - see
below. (Remember that BUSY is held low by a low on the WR
input and goes high at the end of a conversion) .

An exarﬁple, consider interfacing two ZN448s as follows:
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Fig.9 Interfacing 2 x ZN448s to the Z80 using both ports of a Z80 PIO - interrupt driven

(Note that again one reference is used to drive both devices,
as in the previous section).

In the circuit of Fig.9, B2 is used to clear the BUSYs initially and
the rising edge of the relevant RD signal is used to clear the
BUSYs after servicing (as described below). Thus complying
with the above requirements.

Thefalling edge of the asynchronous start input signal from the
timing logic, forces the Q output high on the associated D-type
flip-flop. Hence the WR input, which was previously low, is now
taken high and this starts a conversion. At the end of the
conversion the BUSY output goes high and this is used to
generate our interrupt.

During the service routine, the RD input on a given device is
taken low to enable the outputs, and then back high after the
data has been latched into port A. Thus an RD positive edge
is generated every time adeviceis read. This edge clocks a low
through to the Q output on the appropriate D-type, and hence
takes the relevant WR input and BUSY output low.

Forcorrectclearing of the BUSYs and hence correct operation,
the asynchronous start input signals must:

(i) beinactive (high) whenthe CLR inputs onthe D-types (B2)
are low initially.

(ii) have returned back high after initiating a conversion, before
the associated RD positive edge occurs.

PROGRAM EXAMPLE

This program vectors to an interrupt service routine on the
occurrence of an interrupt. The service routine then reads and
stores the data from the interrupting ZN448(s).

Conversionis initiated by the users timing logic and an interrupt
is generated when one or more of the BUSY outputs goes high.

The uP is set to interrupt mode 2 as the ports are designed to
be used with this mode. The contents of the | register and the
port interrupt vector are combined by the uP to form a 16-bit
vector. This vector is then used to look up the starting address
of the interrupt service routine. The pP then loads the program
counter with this address and continues program execution
from this location.

PROGRAM STATEMENTS

It is assumed that the user initiates conversion correctly
when required.

It is assumed that both ports need initialising.

Nominate memory locations for the vectored address, the
interrupt service routine and for storing the conversion
results.

FEH = Select first ZN448 word.

FDH = Select second ZN448 word.

FBH = Clear BUSY outputs word.
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Main program

LSet port A to |/P J

[ Set port B to I/P

To make BO, B1=high and B2=low when O/P’s
subsequently enabled.

| o/P FBH to port B |

Y

LSet port B to control mode (mode 3) J

¥

| Set BO—+B3 as O/Ps and B4—B7 as I/Ps |

\ O/P FFH to port B/ } Takes B2 back high.

Y

Enable port B interrupts and set to generate
interrupt on B4 or B5 going high

Y

LLoad | register with interrupt vector Hi-byte J

Y

L Load port B with interrupt vector Lo-byte |

Y

Load vectored address {and address + 1) with
starting address of interrupt service routine

Y

rSet uP to interrupt mode 2]

Y

[ Enable uP interrupts j
T

o
Lo

Interrupt
generated?

[Imerrupt service routine H

Fig.10a Flow chart 4
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Interrupt service routine

Y

\Enable first ZN448 data O/Ps (take BO Iow)/

Y

\
\Read conversion result i.e. read port A/ |

Store data

\Disable first ZN448 data O/Ps_(take BO back high! /
< Y

A

econ
ZN448 BUSY
BS) = high?

Yes

\Enable second ZN448 data O/Ps (take B1 low)

L]

\ Read conversion result i.e. read port A/ Y

Store data

\Disable second ZN448 data O/Ps _(take B1 back high) [

- y

Restore A and F values J

i Needed because pP
rEnable uP interrupts }automatically disables

interrupts after accep-

Y ting an interrupt.
Gelurn from mterrupD

Fig.10b Flow chart 4 (cont.)
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PROGRAM LISTING

PROGRAM 4
Address Object code Label Source code
NNOO 3E 4F LD A, 4FH
NNO2 D3 PORTCO1 OUT PORTCOT, A
NNo4 D3 PORTCO2 OUT PORTCO2, A
NNO06 3EFB LD A, FBH
NNo08 D3 PORTDA2 OUT PORTDA2, A
NNOA 3E CF LD A, CFH
NNoC D3 PORTCO2 OUT PORTCO2, A
NNOE 3E FO LD A, FOH
NN10 D3 PORTCO2 OUT PORTCO2, A
NN12 3E FF LOA, FFH
NN14 D3 PORTDA2 OUT PORTDA2, A
NN16 3E B7 LD A, B7TH
NN18 D3 PORTCO2 OUT PORTCO2, A
NN1A 3E CF LD A, CFH
NN1C D3 PORTCO2 OUT PORTCO2, A
NN1E 3E IVECH LD A, IVECH
NN20 ED 47 LD1, A
NN22 3E IVECL LD A, IVECL
NN24 D3 PORTCO2 OUT PORTCO2, A
NN26 3E SERVL LD A, SERVL
NN28 32 IVEC LD (IVEC), A
NN2B 3E SERVH LD A, SERVH
NN2D 32 IVEC + 1 LD (IVEC + 1), A
NN30 ED sE IM2
NN32 FB El
NN33 76 HALT
NN34 ? 2
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Comments
Sets port A to input (Mode 1)

Sets port B to I/P (mode 1) and
sets CLR on D-types to go
low when port O/Ps enabled

Sets port B to control mode
(mode 3)

Sets BO—B3 as O/Ps and B4—
B7 as I/Ps

Takes CLR on D-types back high

Sets port B to generate Int. on
B4 or B5 going high, also
enables port interrupts

Loads | reg. with interrupt vector
Hi-byte

Loads port B with interrupt
vector Lo-byte

Loads vectored address (and
next consecutive address) with
starting address of interrupt
service routine

Sets pP to interrupt mode 2
Enables uP's interrupts

Waits for Interrupt (or reset!)

Returns to monitor
(command(s) system dependant)
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PROGRAM LISTING

PROGRAM 4 (cont.)
Interrupt service routine

Address Object code Label Source code Comments
MMOo0 F5 PUSH AF Saves current values of A and F
MMo1 DN PORTDA2 POLL1 IN A, PORTDA2 Reads port B
MMO3 CB 67 BIT 4, A 3 . .
MMo5 28 OF JRZ POLL2 ,1> Tests B4 and jumps if B4 =0
MMo7 3E FE LD A, FEH L Selects first ZN448
MMO09 D3 PORTDA2 OUT PORTDA2, A J
MMOB DB PORTDAT1 IN A, PORTDA1 “> Reads and stores first ZN448
MMoD 32 MEM1 LD (MEM1), A j data
MM10 3E FF LD A, FFH ‘; Puts first ZN448 O/Ps back into
MM12 D3 PORTDA2 OUT PORTDA2, A K hlgh |mpedance state
MM14 18 EB JR, POLL1 Jumps back to read port B
MM16

CB6F POLL2 BITS5, A > Tests BS and jumps if BS = 0
MM18 28 OF JR Z, RETURN y
MM1A A, FDH 1

SEFD LD A, 7 Selects second ZN448
MM1C D3 PORTDA2 OUT PORTDA2, A J

3

MM1E DB PORTDA1 IN A, PORTDA1 > Reads and stores second ZN448 data.
MM20 32 MEM2 LD (MEM2), A J
MM23 3EFF " LD A, FFH “} Puts second ZN448 O/Ps back
MM25 D3 PORTDA2 OUT PORTDA2, A ,into high impedance state
MM27 18 D8 JR, POLL1 Jumps back to read port B
MM29 F1 RETURN POP AF Restores A and F values
MM2A FB El ‘ Re-enables pP Int's.
MM2B ED 4D RETI Return from Int.
KEY:

NNOO = Any Suitable starting address.

PORTCOT1 = Port A control address.

PORTCO2 = Port B control address.

PORTDAT1 = Port A data address.

PORTDA2 = Port B data address.

IVECL = Low-byte of 16-bit interrupt vector (in port).

IVECH = High-byte of 16-bit interrupt vector (in | register).

IVEC = 16-bit interrupt vector formed by IVECH and IVECL.

IVEC + 1 = 16-bit address one location higher up in memory than IVEC.

SERVL = Interrupt service routine starting address-low byte.

SERVH = Interrupt service routine starting address-high byte.

MMOO = 16-bit starting address for interrupt service routine formed by SERVH and SERVL.
MEM1 = 16-bit address nominated for storing first ZN448 data.

MEM2 = 16-bit address nominated for storing second ZN448 data.

(Remember that the above 16-bit addresses need assembling in the order Lo-byte, Hi-byte in the object code).
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COMMENTS

The principles illustrated above can be extended to allow more
ZN448s to be interrupt driven in this manner. Readily we can
interface three ZN448s with each RD and BUSY allocated to
their own port bit. Further if we clearthe BUSY outputs by some
method which does not use one of the port bits, we can
interface four ZN448s. (For example we could pulse the CLR
inputs low on the D-types, by writing to an address dedicated
to this purpose).

It is important to realise that in the above example, the uP was
not allowed to return from the service routing until both BUSYs
were low simultaneously. This is to ensure that none of them
remain high and inhibit further interrupts! Regardless of how
many ZN448s are being interfaced, the same applies i.e.
ensurethatallBUSYs are low before returning from the service
routine.

The software may need modifying to suit a particular hardware
setup. If so, then in addition to the above, it should be ensured
that the' BUSY outputs are cleared initially and after device
servicing .

The leakage current of the ZN448 three-state outputs need not
concern us ( + 2uA max. at 2V) .

FURTHER CONSIDERATIONS

Some sections of the above programs can be separated out
and placed in the users initialisation routines i.e. they do not
need repeating once proper initialisation has been achieved.
Also the above programs were ended in some ‘return to
monitor’ commands. However in a real environment, sections
of the programs will probably form part of a subroutine or loop,
or part of a service routine.
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The data acquired in the above examples was put straight into
memory. It could instead have been processed and then either
stored or outputted to another port.

In the examples given, where the RD inputs are controlled by
port bits, these bits could be further decoded, thus extending
their addressing range. This would also have the benefit of
preventing the outputs from more than one device being
enabled together (should an erroneous word be accidentally
written to that port).

Again when the ZN448 three-state outputs are controlled,
various other devices can be connected to the port that reads
the data. This port could also be swapped between input and
output modes - provided proper control is exerted .

In the foregoing description, port A has been used for reading
the data and port B for controlling/monitoring the ZN448s.
These ports could be interchanged or could even be from
different PIOs.

SUMMARY

This report describes the versatility with which the ZN448/9 A-
D converters can be interfaced with the Z80uP. Clearly, there

‘are many other ways of storing and processing the acquired

data. The user can tailor these to suit her/his own particular
requirements.

Most ofthe above principles can also be applied when interfacing
the ZN448/9 to other popular uPs. Full Engineering and
Applications support is available to assist with technical queries
relatingto the applications of any of our data converter products.



Section 10

Package Outlines

NOTES
1. Dimensions are shown thus: mm (in).
2. Unless otherwise indicated, controlling dimensions are in inches.

3. All package outline diagrams are for guidance only. Please
contact your nearest GPS Customer Service Centre for fdrther

information.

SHGEC PLESSEY
LWJ
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Packaging and coding
Lead finish

Devices will be supplied with the following lead finishes as standard:

Metal Can (CM)

Sidebrazed Ceramic DIL (DC) Gold plate over Nickel plate
Ceramic DIL (DG) Hot solder dip over Tin plate

ESD protection

GEC Plessey Semiconductors considers all devices to be sensitive to electrostatic discharge to varying
degrees (but at least to category A). All units are therefore marked with the equilateral triangle ESD
sensitivity indicator.

In addition, all devices are packaged and shipped in conductive material or packaged in anti-static
material with an external field shielding barrier in accordance to MIL-M-38510.

Device marking

All devices are marked with the following coding:

GPS logo or ‘GPS’ (manufacturer's identity).

ESD sensitivity indicator (equilateral triangle).

Date code (per MIL-M-38510).

Assembley lot identifier. Suffix letter added to date code indicating lot identity within production week.
Device type number - ‘AC’ indicating a MIL-STD-883 Class B compliant device.

Process/Assembly site identifier (two-letter code). Initial letter ‘S’ indicates GPS Swindon UK Wafer
Process site. Second letter 'J’ indicates GPS Swindon assembly site.

2 T o e

7. Pin 1 identifier. This may be either a package notch or dot for dual-in-line packages, gold corner for
leadless chip carriers or tab for metal can packages.

324



Package Codes

AC PGA Pin Grid Array, multi-layer ceramic, metal sealed lid, through board.
CM TO-n Cylindrical multi-lead metal can.
bC DILMON Dual-in-line, multi-layer ceramic, sidebrazed leads, metal sealed lid, through board.
DG CERDIP Dual-in-line, ceramic body, Alloy 42 leadframe, glass sealed, through board.
DP PLASDIP Dual-in-line, Copper or Alloy 42 leadframe, plastic moulded, through board.
GP PQFP - Four sided, Plastic Quad Flat Pack. 'Gullwing' formed leads, surface mount.
HG Quad Cerpack | Glass sealed ceramic chip carrier, J-formed leads on four sides, surface mount.
HP PLCC Plastic moulded chip carrier, J-formed leads on four sides, surface mount.
MP Small Dual-in-line, plastic moulded, 'Gullwing' formed leads, metal sealed lid,

Outline surface mount.
SOT-23 | Small Outline 3-lead miniature plastic, ‘Gullwing' formed leads, surface mount.
TO-92 3-lead plastic through-board. ‘
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Headquarters Operations

UNITED KINGDOM

NORTH AMERICA

Cheney Manor, Swindon, Wiltshire, United Kingdom, SN2 2QW.

Tel: (01793) 518000 Fax: (01793) 518411

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel:(408) 438 2900 Fax: (408) 438 5576

Customer Service Centres

FRANCE & BENELUX
GERMANY, AUSTRIA and
SWITZERLAND

ITALY

JAPAN

NORTH AMERICA
SOUTH EAST ASIA

SWEDEN
TAIWAN, ROC

UK, EIRE, DENMARK,
FINLAND and NORWAY

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat. 2-BP 142, 91944,

Les Ulis Cedex A. France.Tel: (1) 64 46 23 45. Fax: (1) 64 46 06 07

UngererstraBe 129, 80805 Munchen 40, Germany.

Tel: 089/36 0906-0. Fax: 089/36 0906-55

Via Raffaello Sanzio, 4, 20092 Cinisello Balsamo (MILAN).

Tel: (02) 66040867. Fax: (02) 66040993.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.

Tel: (03) 5276-5501. Fax: (03) 5276-5510.

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel: (408) 438 2900. Fax: (408) 438 7023

No. 3 Tai Seng Drive, GEC Building, Singapore 1953.

Tel: (65) 3827708. Fax: (65) 3828872

Katarina Bangata 79, 116 42 Stockholm. Tel: 46 8 7029770. Fax: 46 8 6404736
Room 503, 5F, 131 Min-Sheng E Road, Sec 3, Taipei.

Tel: 886 2 5461260. Fax: 886 2 7190260

Unit 1,Crompton Road,Groundwell Industrial Estate, Swindon, Wilts, U.K., SN2 5AF.
Tel: (01793) 518510. Fax: (01793) 518582.

Power Division

Carholme Road, Lincoln, UK., LN1 1SG. Tel: (01522) 510500. Fax: (01522) 510550

North American Sales Offices

NATIONAL SALES
EASTERN

WESTERN
ARIZONA/NEW MEXICO
SOUTH CENTRAL
NORTHWEST

DIXIE and FLORIDA

SOUTHWEST
DISTRIBUTION SALES

CANADA

P O Box 660017, Scotts Valley, CA 95067-0017. Tel: (408) 438-2900.
ITT Telex: 4940840. Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, MA 02026.

Tel: (617) 251-0100. Fax: (617) 251-0104.

1735 Technology Drive, Suite 100, San Jose, California 95110.

Tel: (408) 451-4700. Fax: (408) 451-4710.

4635 South Lakeshore Drive, Tempe, AZ 85282.

Tel: (602) 491-0910. Fax: (602) 491-1219.

9330 LBJ Freeway, Ste. 665, Dallas, TX 75243.

Tel: (214) 690-4930. Fax: (214) 680-9753.

7935 Datura Circle West, Littleton, CO 80120.

Tel: (303) 798-0250. Fax: (303) 730-2460.

668 N. Orlando Ave., Suite 1015 B, Maitland, FL 32751.

Tel: (407) 539-1700. Fax: (407) 539-0055.

385 Commerce Way, Longwood, FL 32750. Tel: (407) 339-6660. Fax: (407) 339-9355.
2600 Michelson Drive, Suite 830, Irvine, CA 92715. Tel: (714) 852-3900.
Fax: (714) 852-3910.

1500 Green Hills Road, Scotts Valley, CA 95066.

Tel: (408) 438-2900. ITT Telex: 4940840. Fax: (408) 438-7023.

3608 Boul. St. Charles, Suite 9, Kirkland, Quebec, H9H 3C3.

Tel: (514) 697-0095. Fax: (514) 694-7006.
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Semi-Custom Design Centres

AUSTRALIA

FRANCE & BENELUX
ITALY

GERMANY

JAPAN

N AMERICA: Canada

USA

Colorado, USA
lllinois, USA

UNITED KINGDOM

Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.

Tel: 612 638 1888. Fax: 612 638 1798.

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat.2-B.P. No.142 91944

Les Ulis Cedex A, France.Tel: (1) 64 46 23 45. Fax: (1) 64 46 06 07.

Via Raffaello Sanzio, 4, 20092 Cinisello Balsamo (MILAN).

Tel: (02) 66040867. Fax: (02) 66040993.

UngererstraBe 129, D 80805 Munchen 40. Tel: (089) 3609 06 0.

Fax: (089) 3609 06 55.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.
Tel: (03) 5276-5501. Fax: (03) 5276-5510.

Alberta Microelectronics Center, 3553 31st St., N.W., Calgary, Alberta T2L2K7.
Tel: (403) 289-2043.

Microstar Technologies, 7050 Bramelea Rd., #27A Mississaugo, Ontario L5SITI
Canada. Tel: (416) 671-8111

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017.
Tel: (408) 438-2900. Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, Massachusetts 02026.

Tel: (617) 251-0100. Fax: (617) 251-0104.

2600 Michelson Drive, Suite 830, Irvine, CA 92715.

Tel: (714) 852-3900. Fax: (714) 852-3910.

Analog Solutions, 5484 White Place, Boulder, CO 80303. Tel: (303) 442-5083.
Frederikssen & Shu Laboratories, Inc., 531 West Golf Rd., Arlington Heights,
IL 60005. Tel: (312) 956-0710.

Cheney Manor, Swindon, Wiltshire SN2 2QW.

Tel: (01793) 518000. Fax: (01793) 518411.

Tweedale Way, Hollinwood, Oldham, Lancashire OL9 7LA.

Tel: (0161) 682 6844. Fax: (0161) 688 7898.

Doddington Road, Lincoln LN6 3LF. Tel: (01522) 500500. Fax : (01522) 500550.

North American Representatives

ALABAMA
ARIZONA

CALIFORNIA

CONNECTICUT

FLORIDA

GEORGIA

ILLINOIS
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Electramark, Inc., 500 Wynn Drive, Suite 521, Huntsville, AL 35816.

Tel: (205) 830-4400 Fax: (205) 830-4406.

Fred Board Associates, 7353 E, 6th Avenue, Scottsdale, AZ 85251.

Tel: (602) 994-9388. Fax: (602) 994-9477.

Gary Chilcote & Associates, P.O. Box 1795, 1902 Quite Ranch Road, Fallbrook,
CA 92028. Tel: (619) 728 7678.Fax: (619) 728 3738.

Jones & McGeoy, 5100 Campus Drive, Suite 300, Newport Beach, CA 92660.
Tel: (714) 724 8080. Fax: (714) 724 8090.

Stone Components, 123 Commerce St., Clinton, CT 06413.

Tel: (203) 669-4344. Fax: (203)669-9958.

American Micro Sales, 1325 N. Congress Ave., Ste 204, West Palm Beach,
FL 33401. Tel: (407) 689 3860.Fax: (407) 689 3168.

American Micro Sales, 274 Wilshire Blvd., Ste 241, Casselberry, FL 32707.
Tel: (407) 831 2505. Fax: (407) 831 1842,

American Micro Sales, P.O. Box 399, 1033 Rosetree Lane, Tarpon Springs,
FL 34688/9. Tel: (813) 938 3073. Fax: (407) 831 1842.

Electramark, Inc., 6030-H Unity Drive, Norcross, GA 30071.

Tel: (404) 446-7915. Fax: (404) 263 6389

Micro Sales, Inc., 901 West Hawthorn Drive, Itasca, IL 60043,

Tel: (708) 285-1000. Fax: (708) 285-1008.
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Leslie M. DeVoe, 4371 E. 82nd St., Suite D, Indianapolis, IN 46250.

Tel: (317) 842-3245. Fax: (317) 845-8440.

Lorenz Sales, 5270 N. Park Place N.E., Cedar Rapids, IA 52402.

Tel: (319) 377-4666. Fax: (319) 377-2273.

Lorenz Sales, Inc., 8645 College Blvd., Suite 220, Overland Park, KS 66210.
Tel: (913) 469-1312. Fax: (913) 469-1238.

Lorenz Sales, Inc., 1530 Maybelle, Wichita, KS 67212.

Tel: (316) 721-0500. Fax: (316) 721-0566.

Walker Associates, 1757 Gablehammer Road, Westminster, MD 21157.

Tel: (410) 876-9399. Fax: (410) 876-9285.

Walker Associates, 169 Queen Anne Bridge Road, Mitchellville, MD 20716

Tel: (410) 249-7145.

Stone Components, 2 Pierce Street. Framingham, MA 01701.

Tel: (508) 875-3266. Fax: (508) 875-0537.

Stone Components, 10 Atwood Road, Newburyport, MA 01950. Tel: (508) 462-1079.
Greiner Associates Inc., 15224 E. Jefferson Avenue, Grosse Point Park, MI 48230.
Tel: (313) 499-0188. Fax: (313) 499-0665.

High Technology Sales, 4801 West 81st Street, Suute 115, Bloomington, MN 55437.
Tel: (612) 844-9933. Fax: (612) 844-9930.

Lorenz Sales, Inc., 10176 Corporate Square Dr., Suite120, St. Louis, MS 63121.
Tel: (314) 997-4558. Fax: (314) 997-5829.

Lorenz Sales, 2801 Garfield Street, Lincoln, NE 68502.

Tel: (402) 475-4660. Fax: (402) 474-7094.

HLM Assoc., 333 Littleton Raod, Parsippany, NJ 07054.

Tel: (201) 263-1535. Fax: (201) 263-0914.

Stone Components, 436 S. Baboosic Lake Rd., Merrimack, NH 03054.

Tel: (603) 429-3462. Fax: (603) 429-3462.

HLM Assoc., 64 Mariners Lane, Box 328, Northport, NY 11768.

Tel: (516) 757-1606. Fax: (516) 757-1636.

Regan Compar, 3301 Country Club Road, Endwell, NY 13760.

Tel: (607) 754-2171 Fax: (607) 754-4270.

Regan Compar, 214 Dorchester Avenue, Syracuse, NY 13202.

Tel: (315) 432-8232. Fax: (315) 432-8238.

Regan Compar, 37A Brookhill Lane, Rochester, NY 14625.

Tel: (716) 271-2230. Fax: (716) 381-2840.

Scott Electronics, Inc., 3131 S. Dixie Dr., Suite 200, Dayton, OH 45434.

Tel: (513) 294-0539. Fax: (513) 294-4769.

Scott Electronics, Inc., 30 Alpha Park Drive, Cleveland, OH 44143.

Tel: (216) 473-5050. Fax: (216) 473-5055.

Scott Electronics, Inc., 916 Eastwind Dr., Westerville, OH 43081.

Tel: (614) 882-6100. Fax: (614) 882-0900.

Scott Electronics, Inc., 10901 Reed Hartman Hwy., Suite 301, Cincinnati, OH 45242.
Tel: (513) 791-2513. Fax: (513) 791-8059.

Metz-Jade Associates, Inc., 7 Wynnewood Rd, Suite 203, P.O.Box 276, Wynnewood,
PA 19096.

Tel: (215) 896-7300. Fax: (215) 642-6293.

Oeler & Menelaides, Inc., 8430 Meadow Rd., Suite 224, Dallas, TX 75231.

Tel: (214) 361-8876. Fax: (214) 692-0235.

Oeler & Menelaides, Inc., 8705 Shoal Creek Rd., #103, Austin, TX 78758.

Tel: (512) 453-0275. Fax: (512) 453-0088.

Micro Sales, Inc., 210 Regency Ct., Suite L101, Waukesha, WI 53186-0545.

Tel: (414) 786-1403. Fax: (414) 786-1813.

GM Assoc. Inc., 7050 Bramalea Road, Mississauga, Ontario L5S 1T1 (Toronto).
Tel: (416) 671-8111. Fax: (416) 671-2422.

GM Assoc. Inc., 3860 Cote-Vertu, St. Laurent, Quebec H4R 1N4.

Tel: (514) 335-9572. Fax: (514) 335-9573.
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FRANCE

GM Assoc. Inc., 301 Moodie Dr., Nepean, Ontario K2H 9CR (Ottawa).
Tel: (613) 820-3822. Fax: (613) 820-7633.

GM Assoc. Inc., 300-3665 Kingsway, Vancouvr, BC V5R 5W2.

Tel: (604) 439-3383. Fax: (604) 439-8479.

GEC Electronics Division, Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.
Tel: 612 638 1888. Fax: 612 638 1798.
Eurodis Electronics GmbH, Lamezanstrasse 10, A-1232 Wien.
Tel: 1 610620. Fax: 1 61062151.
ACAL NV, Lozenberg 4, B-1932 Zaventem. Tel: 02 720 5983. Fax: 02 725 4815.
Macro Sofia, 116 Geo Miller Str, BI 57 AP70, 1574 Sofia. Tel/Fax: 359 2 708140.
Semad, 1825 Woodward Dr., Ottawa, Ontario K2C OR3.
Tel: (613) 727-8325. Fax: (613) 727-9489.
Semad (Corp.), 85 Spy Court, Markham, Ontario L3R 4Z4.
Tel: (416) 475-8500. Fax: (416) 475-4158.
Semad, 243 Place Frontenac, Pointe Claire, Que HOR 427.
Tel: (514) 694-0860. Fax: (514) 694-0965.
Semad, 6815 8th St. N.E., Ste. 175, Calgary, Alberta T2E 7H7.
Tel: (403) 252-5664 Fax: (604) 420-0124.
Semad, 8563 Government St, Burnaby, BC V3N 4S9.
Tel: (604) 420-9889. Fax: (604) 420-0124.
Gain Tune Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284971.
World Peace Industrial Co Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284972.
Macro Weil SRO, Bechynova 3, 160 00 Prague 6.
Tel: 42 23112182, Fax: 42 2 24310335,
Scansupply A/S, Gladsaxevej 356, DK-2860 Soeborg.
Tel: 45 39 66 50 90. Fax: 45 39 66 50 40.
Scansupply A/S, Marselisborg Havnevej 36, 8000 Arhus C.
Tel: 45 86 12 77 88. Fax: 45 86 12 77 18.
FA Bernhart GmbH, Melkstattweg 27, PO Box 1628, D 8170 Bad Toelz., Germany.
Tel: 80 41 41 676 Fax: 80 41 71 504 Tx: 526246 FABD.
3D:
6-8 rue Ambroise Croisat, Z.I. des Glaises, 91120 Palaiseau. Tel: 1 64 47 29 29.
Fax: 1 64 47 00 84.
3 rue Berthelot, 69627 Villeurbanne CEDEX. Tel: 72 35 22 00. Fax: 72 34 67 72.
Z.1. du terroir, rue de l'industrie, 31140 Saint Alban.
Tel: 61 37 44 00. Fax: 61 37 44 29.
Parc Club du golf, Batiment 1, 13856 Aix-en-Provence CEDEX 3. Tel: 42 16 77 88
Fax: 42 39 4728.
1 rue de la Faisandereie, Bat B1 P.C. de Tanneries, F-67883 Tanneries CEDEX.
Tel: 8877 26 46. Fax: 88 76 13 30.
6 rue Abbe Henri Gregorie, F-35000 Rennes. Tel: 99 32 44 33. Fax: 9951 33 93
22 rue de Seclin, F-59175 Vendeville. Tel: 20 62 07 67. Fax: 20 62 07 66.
Omnitech Sertronique:
C.A. de Montheard, 11 rue Edgar Brant, 72016 Le Mans CEDEX.
Tel: 43 86 74 74. Fax: 43 86 74 86.
165 boulevard de Valmy, Evolic Batiment 1, 92706 Colombes.
Tel: 146 1307 80. Fax: 1 46 13 07 90.
ZAC des Petites Landes, 44470 Thouare-sur-Loire. Tel: 40 49 90 90.
Fax: 4068 06 72.
99 boulevard de I'Artillerie, 69007 Lyon. Tel: 72 73 11 87. Fax: 72 73 18 00.



GERMANY

GREECE

HONG KONG

HUNGARY
INDIA

ITALY

JAPAN

KOREA
MALAYSIA
NETHERLANDS
NORWAY
POLAND

PORTUGAL
RUSSIA

SLOVAK REPUBLIC
SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

37 rue Saint-Eloi, 76000 Rouen. Tel: 3588 00 38. Fax: 35 15 06 22.
20 rue Cabanis, 59041 Lille. Tel: 20 43 96 44. Fax: 20 56 00 49.
Parc Cadera Sud, Batiment F, 33700 Bordeaux Merignac. Tel: 56 34 46 00.
Fax: 56 34 47 13.
AS Electronic Vertriebs GmbH, in den Garten 2, D-61352 Bad Homburg.
Tel: 06172 458931. Fax: 06172 42000.
Farnell Electronic Services GmbH, Bahnhofstrasse 44, 71696 Moglingen.
Tel: 071 41-4 87-0. Fax: 071 41-4 87-210.
Micronetics GmbH, Dieselstrasse 12, D-71272 Renningen. Tel: 07159-925830.
Fax: 07159-9258355.
Weisbauer Elektronik GmbH, Heiliger Weg 1, D-44135 Dortmund. Tel: 0231 579547.
Fax: 0231 577514.
Impel Ltd., 30 Rodon Str, Korydallos, Piraeus, Greece: Tel: 010 30 1 49 67815.
Tix: 213835. Fax: 01 49 54041.
Gain Tune Ltd, Room 809, 8th Floor, Hunghom Commercial Centre, Tower B,
37-39 Ma Tau Wai Road,Hunghom, Kowloon, Hong:Kong. Tel: 852-3654860.
Fax: 852-7641129.
Macro Group, Etele ut 68,Budapest 1115. Tel: 36 1 2698110/1853111.
Fax: 36 1 1850061.
Mekaster Telecom PVT Ltd., 908 Ansal Bhawan, 16 Katuba Ghandi Marg,
New Delhi, 100 001 India Tel: 11 3312110 Fax: 11 3712155.
Adelsy - Divisione della Generalmusic SpA, Via Novara 570, 20153 Milano.
Tel: 02 3810310. Fax: 02 38002988.
Eurelettronica SpA, Via E. Fermi 8, 20090 Assago (MI). Tel: 02 457841.
Fax: 02 4880275.
Fanton Srl, Milano - Torino - Bologna - Firenze - Roma - Padova.
Tel: 02 48912963. Fax: 02 4890902.
Cornes & Company Ltd., 2-5-12 Higashi-Kanda, Chiyoda-ku. Tokyo 101.
Tel: 3-5821-1651. Fax: 3-5821-1904.
Cornes & Company Ltd., Cornes House, 13-40 Nishi-honmachi 1-chome,
Nishi-Ku, Osaka 550. Tel: 6 532 1012.Tx: 525-4496. Fax: 6 541-8850.
KML Corporation, 6th Floor, Dukmyung Building, (A-Dong) 113-3, Banpo-Dong,
Shucho-Gu, CPO Box 7981, Seoul. Tel: 2 595 9101-6. Fax: 2 595 9107.
Adequip Enterprise Sdn Bhd, #6-01 6th Floor, Wisjma Stephens,
88 Jalan Raya Chulan, 50200 Kualar Lumpur, Malaysia. Tel: 2423522. Fax: 2423264.
Tekelek-Airtronic B.V., PO Box 63, NL-2700 AB Zoetermeer. Tel: 079 310100.
Fax: 079 417504
Skandinavisk Elektronikk A/S, Ostre Aker Vei 99, Postboks 99 Veitvet, Oslo 5.
Tel: 22 64 11 50. Tx: 71963 Fax: 22 64 34 43.
Macropol Co. Ltd, Ul Bitwy Warszawskiej 11,02 366 Warsaw. Tel: 48 22 224337.
Fax: 48 22 229136. ‘
Anatronic SL, Urbanisazao Do, Infantado, Lote 18, 2° ESQ, Loures. Tel: 179 33 2 99.
Anastasia Neklusova, St Petersburg, Ul Zamshina 15. Tel: 7 812 545 0723.
Fax: 7 812 254 51256. ‘
Macro Zilinia, Vysokoskolakov 6, 010-01 Zilinia. Tel: 42 89 634181/45041.
Fax: 42 89 634109.
T.E.C. Tellumat Electronic Components, 1 Jansen Road, Jet Park, Boksburg 1459,
P.O. Box 8174, Elandsfontein 1406. Tel: 2711 823 2950. Fax:2711 823 2668.
Anatronic SA, Avda de Valladolid 27, 28008 Madrid. Tel: 91 542 4455/6.
Fax: 91 2486975.
Anatronic SA, Bailen, 176, Estresuelo 1°,.08037 Barcelona. Tel: 93 258 1906/7.
Fax: 93 258 7128.
Pronesto AB (Microwave Products Only), Finlandsgatan 18, 16475 Kista.
Tel: (08) 752 9080. Fax: (08) 751 4111.
Basix fiir Electronik AG, Hardturmstr 181, CH-8010 Zuerich. Tel: 1 2761111.
Fax: 1 2764199.
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South Carolina
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Connecticut

Prospect Technology Corporation, 5, Lane 55, Long-Chiang Road, Taipei, Taiwan.
Tel: (886-2) 721-9533. Fax: (886-2) 773-3756.

World Peace Industrial Co Ltd, 8th Floor, 76 Cheng Kung Road, Sec. l.,

Nankang District, Taipei, Taiwan ROC. Tel: (886-2) 788-5200. Fax: (886-2) 788-3255.
Westech Electronics Co. Ltd, 77/113 Moo Ban Kitikorn, Ladprac Soi 3,

Ladprao Road, Ladyao, Jatujak, Bangkok 10900. Thailand. Tel: 2 5125531.

Fax: 2 2365949.

EMPA, 34630, Besyol Londra Asfalti Florya Is Merkezi Sefakoy, Istanbul.

Tel: (1) 599 30 50 Tx: 21137 Etna tr Fax: (1) 598 53 53.

Farnell Celdis, 300 Kings Road, Reading, Berks RG1 4GA. Tel: (01734) 666676.
Fax: (01734) 263100.

Farnell Electronic Components Ltd., Canal Road, Leeds LS12 2TU.

Tel: (01132) 636311. Fax: (01132) 633404.

Farnell Electronic Services, Edinburgh Way, Harlow, Essex CM20 2DF.

Tel: (01279) 626777. Fax: (01279) 441687.

Farnell Unitel, Bank House. Primett Road, Stevenage, Herts SG1 3EE.

Tel: (01438) 312393. Fax: (01438) 318711.

Gothic Crellon Ltd., 3 The Business Centre, Molly Millars Lane, Wokingham,
Berkshire RG11 2EY. Tel: (01734) 788878 Fax: (01734) 776095.

Gothic Crellon Ltd., P.O.Box 301, Elizabeth House, 22 Suffolk Street, Queensway,
Birmingham B1 1LZ. Tel: (0121) 643 6365. Fax: (0121) 633 3207.

Semiconductor Specialists (UK) Ltd., Unit 6, Crown Business Centre, Crown Way,
West Drayton, Middlesex UB7 8HZ Tel: (01895) 445522. Fax: (01895) 422044,

The Macro Group, Burnham Lane, Slough SL1 6LN. Tel: (01628) 604383.

Fax: (01628) 666873.

Pioneer Technologies, 4835 University Square #5, Huntsville, AL 35816.

Tel: (205) 837-9300. Fax: (205) 837-9358.

Hammond, 4411-B Evangel Circle NW, Huntsville, AL 35816. Tel: (205) 830-4764.
Fax: (205) 830-4287.

Insight Electronics, 1515 W. University Dr., Suite 103. Tempe, AZ 85281.

Tel: (602) 829-1800. Fax: (602) 967-2658.

Insight Electronics (Corp.), 6885 Flanders Dr., Unit C, San Diego, CA 92121.

Tel: (619) 587-0471. Fax: (619) 587-0903.

Insight Electronics, 2 Venture Plaza, Ste. 340, Irvine, CA 92718. Tel: (714) 727-3291.
Fax: (714) 727-1804.

Insight Electronics, 4333 Park Terrace Dr., Ste. 101, Westlake Village, CA 91361.
Tel: (818) 707-2101. Fax: (818) 707-0321.

Insight Electronics, 1295 Oakmead Parkway, Sunnyvale, CA 94086.

Tel: (408) 720-9222. Fax: (408) 720-8390.

Pioneer Standard, 217 Technology Dr., Ste. 110, Irvine, CA 92718.

Tel: (714) 753-5500. Fax: (714) 753-5074.

Pioneer Standard, 5850 Canogo Ave., Ste. 400, Woodland Hills, CA 91367.

Tel: (818) 883-4640. Fax: (818) 883-9721.

Pioneer Technologies, 134 Rio Robles, San Jose, CA 95134.

Tel: (408) 954-9100. Fax: (408) 954-9113.

Hammond, 2923 Pacific Ave., Greensboro, NC 27406. Tel: (919) 275-6391.

Fax: (919) 272-6036.

Pioneer Technologies, 2200 Gateway Centre Blvd., Ste. 215, Morrisville, NC 27560.
Tel: (919) 460-1530. Fax: (919) 460-1540.

Hammond, 1035 Lowndes Hill Rd., Greenville, SC 29607. Tel: (803) 232-0872.

Fax: (803) 232-0320.

Insight, 384 Inverness Dr. S., Ste. 105, Engelwood, CO 80112.

Tel: (303) 649-1800. Fax: (303) 690-4754.

Pioneer Standard, 2 Trapp Falls Rd., #100, Sheton, CT 06484. Tel: (203) 929-5600.
Fax: (203) 929-9791.
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Hammond Ft. Lauterdale, 6600 N.W. 21st Ave., Ft. Lauderdale, FL 33309.
Tel: (305) 973-7103. Fax: (305) 973-7601.

Hammond Orlando (Corp.), 1230 West Central Blvd., Orlando, FL 32805.

Tel: (407) 849-6060. Fax:(407) 648-8584.

Pioneer Technologies, 674 South Military Trail, Deerfield Beach, FL 33442.
Tel: (305) 428-8877. Fax: (305) 481-2950.

Pioneer Technologies, 337 South Northlake Blvd., #1000, Altamonte Springs.
FL 32701 Tel: (407) 834-9090. Fax: (407) 834-0865.

Hammond, 5680 Oakbrook Pkwy., Suite 160, Norcross, GA 30093. |

Tel: (404) 449-1996. Fax: (404) 242-9834.

Pioneer Technologies, 4250C Rivergreen Pkwy., Duluth, GA 30136.

Tel: (404) 623-1003. Fax: (404) 623-0665

Pioneer Standard, 2171 Executive Drive #104, Addison, IL 60101.

Tel: (708) 495-9680. Fax: (708) 495-9831

Pioneer Standard, 9350 N. Priority Way W. Drive, Indianapolis, IN 46240.

Tel: (317) 573-0880. Fax: (317) 573-0979

Pioneer/Tech. Group. Inc., 9100 Gaither Rd., Gaithersburg, MD 20877.

Tel: (301) 921-0660. Fax: (301) 921-4255

Pioneer Standard, 44 Hartwell Avenue, Lexington, MA 02173. Tel: (617) 861-9200.
Fax: (617) 863-1547

Pioneer Standard, 13485 Stamford, Livonia, M| 48150. Tel: (313) 525-1800.
Fax: (313) 427-3720.

Pioneer Standard, 4595 Broadmoor Ave. S.E., Ste. 235, Grand Rapids, Ml 49512.
Tel: (616) 698-1800. Fax: (616) 698-1831.

Pioneer Standard, 7625 Golden Triangle Dr., Eden Prairie, MN 55344.

Tel: (612) 944-3355. Fax: (612) 944-3794.

Pioneer Standard, 2029 Woodland Pkwy. #101, St. Louis, MO 63146.

Tel: (314) 432-4350. Fax: (314) 432-4854.

Pioneer Standard, 14-A Madison Rd.. Fairfield, NJ 07006. Tel: (201) 575-3510.
Fax: (201) 575-3454.

Alliance Electronics, 10510 Research Rd. SE, Albuquerque, NM 87123.

Tel: (505) 292-3360 Fax: (505) 275-6392

Mast, 710-2 Union Pkwy., Ronkonkoma, NY 11779. Tel: (516) 471-4422.

Fax: (616) 471-2040.

Pioneer Standard, 68 Corporate Drive, Binghamton, NY 13904.

Tel: (607) 722-9300. Fax: (607) 722-9562.

Pioneer Standard (Corp.), 60 Crossways Park West, Woodbury, NY 11797.
Tel: (516) 921-8700 Fax: (5616) 921-2143.

Pioneer Standard, 840 Fairport Park, Fairport, NY 14450. Tel: (716) 381-7070.
Fax: (716) 381-5955.

Pioneer Standard, 4800 East 131st St., Cleveland, OH 44105.

Tel: (216) 587-3600. Fax: (216) 587-3906.

Pioneer, 4433 Interpoint Bivd., Dayton, OH 45424. Tel: (513) 236-9900. .

Fax: (513) 236-8133.

Insight, 8705 SW Nimbus Ave., #200, Beaverton, OR 97005. Tel: (503) 644-3300
Pioneer Technologies, Keith Valley Business Center, Horsham, PA 19044,
Tel: (215) 674-4000. Fax: (215) 674-3107.

Pioneer Standard, 259 Kappa Drive, Pittsburgh, PA 15238. Tel: (412) 782-2300.
Fax: (412) 963-8255.

Insight, 12701 Research BI.Ste 301, Austin, TX 78759.

Insight, 1778 Plano Rd., Suite 320, Richardson, TX 75081. Tel: (214) 783-0800.
Fax: (214) 680-2402.

Insight, 15437 McKaskle, Sugarland, TX 77478.

Pioneer Standard, 1826-D Kramer Ln., Austin. TX 78758. Tel: (512) 835-4000.
Fax: (512) 835-9829.
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Pioneer Standard, 13765 Beta Road, Dallas, TX 75244.
Tel: (214) 386-7300. Fax: (214) 490-6419.
Pioneer Standard, 10530 Rockley Rd. #100, Houston, TX 77099.
Tel: (713) 495-4700. Fax: (713) 495-5642.
Washington Insight, 12002 115th Ave. N.E., Kirkland, WA 98034. Tel: (206) 820-8100.

Fax: (206) 821-2976.

Wisconsin ' Pioneer Standard, 120 Bishop's Way #163, Brookfield, WI 53005.
Tel: (414) 784-3480. Fax: (414) 784-8207.

UK Export

(To countries other than GEC Plessey Semiconductors , Unit 1, Crompton Road,
those listed) Groundwell Industrial Estate, Swindon,
Wilts, UK SN2 5AF. Tel: (01793) 518510. Fax: (01793) 518582.
Whiteaway Laidlaw (Overseas) Ltd., PO Box 93, Ambassador House,
Devonshire Street North, Manchester M60 6BU
Tel: (0161) 273 3228. Fax: (0161) 274 3757.
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TECHNICAL DOCUMENTATION - NOT FOR RESALE
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Thispublicationis issued to provide information only which (unless agreed by the Company inwriting) may not be used, applied
or reproduced for any purpose nor form part of any order or contract nor to be regarded as a representation relating to the
products or services concerned. No warranty or guarantee express or implied is made regarding the capability, performance
or suitability of any product or service. The Company reserves the right to alter without prior knowledge the specification,
design or price of any product or service. Information concerning possible methods of use is provided as a guide only and
does not constitute any guarantee that such methods of use will be satisfactory in a specific piece of equipment. Itis the user's
responsibility to fully determine the performance and suitability of any equipment using such information and to ensure that
any publication or data used is up to date and has notbeen superseded. These products are not suitable for use in any medical
products whose failure to perform may resultin significantinjury or death to the user. All products and materials are sold and
services provided subject to the Company's conditions of sale, which are available on request.
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