
(217) 352-9330 | sales@artisantg.com | artisantg.com

-~ ARTISAN® ~I TECHNOLOGY GROUP 

Your definitive source 
for quality pre-owned 
equipment. 

Artisan Technology Group 

Full-service, independent repair center 
with experienced engineers and technicians on staff. 

We buy your excess, underutilized, and idle equipment 
along with credit for buybacks and trade-ins. 

Custom engineering 
so your equipment works exactly as you specify. 

• Critical and expedited services • Leasing / Rentals/ Demos 

• In stock/ Ready-to-ship • !TAR-certified secure asset solutions 

Expert team I Trust guarantee I 100% satisfaction 

All trademarks, brand names, and brands appearing herein are the property of their respective owners. 

Find the Mercury Computer Systems / Themis TSVME-420-R at our website: Click HERE

tel:2173529330
mailto:sales@artisantg.com
https://artisantg.com
https://www.artisantg.com/TestMeasurement/91319-1/Mercury-Computer-Systems-Themis-TSVME-420-R-Analog-Input-Module
https://www.artisantg.com/TestMeasurement/91319-1/Mercury-Computer-Systems-Themis-TSVME-420-R-Analog-Input-Module


1
1 T H E M I S  COMPUTER
I
I
I
1 T S V I N I E 4 2 D I R
I
I
I
I 1 6 / 3 2  ADC
I w i t h  isolated inputs
I
i USER'S MANUAL
i
I
i
I T S V M E 4 2 0 - R

16/32 ADC with isolated inputs

I A 2 3 7 - 0 1

I
I
I



CUSTOMER COMMENTS

---o0o---

pRODUCT :  TSVME420-R -  A237-01

THEMIS welcomes users' comments on the quality of its documentation.

Any suggestions on how this document might be improved will be carefully examined by
the product engineer and taken into account for the next document update.

Please use this page to set out any comments you might have concerning this document,
or to detail any errors or inaccuracies you might have found.

Use this page for comments on the documentation only ; questions on the product itself
or on product installation should be addressed directly to your THEMIS dealer.

Comment Page

NAME :
COMPANY ADDRESS :

M a i l  t o  :

Mrs Martine Guichard
THEMIS : Documentation
1, rue des Essarts
ZI de Mayencin
38610 GIERES
FRANCE



CONTENTS

I  -  GENERAL  4

1 . 1  -  I n t r o d u c t i o n   4
1 . 2  -  P r i n c i p a l  C h a r a c t e r i s t i c s   4
1 . 3  -  S p e c i f i c a t i o n s   7
1 . 4  -  E q u i p m e n t  r e q u i r e d  f o r  u s e   1 0

I I  -  TECHNICAL DESCRIPTION  1 1

2 . 1  -  I n t r o d u c t i o n   1 1
2 . 2  -  S e l e c t o r s  a n d  c o n n e c t o r s   1 1
2 . 3  -  VME i n t e r f a c e   1 5
2 . 4  -  A d d r e s s e s ,  r e g i s t e r s  a n d  i n t e r r u p t s   1 7
2 . 5  -  O p e r a t i o n   2 9
2 . 6  -  T i m i n g s  f o r  w r i t e / r e a d  a n d  i n t e r r u p t s   3 3
2 . 7  -  E l e c t r i c a l  w i r i n g  d i a g r a m s   3 9

I I I  -  USE  4 6

3 . 1  -  R e c e p t i o n  o f  e q u i p m e n t   4 6
3 . 2  -  B o a r d  c o n f i g u r a t i o n   4 6
3 . 3  -  A n a l o g  c o n n e c t i o n s   5 6
3 . 4  -  P o s s i b l e  a d j u s t m e n t s   5 8
3 . 5  -  S t a r t - u p   6 9
3 . 6  -  E x a m p l e s  o f  p rogramming   7 1

I V  -  OPTIONS  7 4

4 . 1  -  H i g h  i n p u t  impedance  w i t h  " P o w e r  O f f "   7 4
4 . 2  -  0 / 2 0  mA i n p u t s   7 6
4 . 3  -  I n p u t  f i l t e r i n g   7 7

V -  APPLICATIONS  8 3

5 . 1  -  G e n e r a l   8 3
5 . 2  -  I / O  i s o l a t i o n   8 3
5 . 3  -  T y p i c a l  c o n f i g u r a t i o n s   8 5

V I  -  APPENDIX  8 7

6 . 1  -  MUX D a t a  s h e e t
6 . 2  -  S / H  D a t a  s h e e t
6 . 3  -  ADC D a t a  s h e e t



TSVME 420-R  :  16/32 A D C  w i t h  isolated inputs P a g e  2

NOTE

The name o f  a  s ignal  fo l lowed b y  *  means t h a t  i t  i s  act ive a t  l o w  log i c
level o r  o n  t h e  fa l l ing  edge.
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I -  G E N E R A L

1.1 -  INTRODUCTION

This m a n u a l  g i v e s  comprehensive i n f o r m a t i o n  concern ing  u s e  o f  t h e
TSVME420-R board.

- Characteristics and  technical specifications a re  g iven i n  chapters I  and  I I .

Chapter I I I  deals w i t h  configuration o f  t h e  board i n  t h e  desired o p e r a t i n g
mode.

- The options available, w i t h  t he i r  respective technical specifications, a r e  set  o u t
in Chapter I V.

- Basic applications a re  described i n  Chapter V .

- Da ta  sheets f o r  t h e  M U X ,  S / H  and  A D C  are  appended i n  Chapter V I .

1.2 -  PRINCIPAL CHARACTERISTICS

* The T S V M E 4 2 0 - R  b o a r d  i s  u s e d  f o r  1 2 -b i t  d ig i t i z i ng  o n  1 6  o r  3 2
multiplexed analog inpu ts  w i t h  instrumentation ampl i f ie r  ( I N A ) .  A  h i g h  degree
of electrical isolation i s  provided between analog a n d  d ig i ta l  grounds. ( F i g u r e
1).

* The a n a l o g  s e c t i o n  p e r f o r m s  3 2  - - - >  1  m u l t i p l e x i n g  ( " S i n g l e -ended
configuration, SE) ,  o r  1 6  - - - >  1  mult ip lexing ("Differential" configuration, D I ) .
Multiplexing i s  f o l l o w e d  b y  a n  I N A ,  w i t h  g a i n  var iab le  b y  means o f  a
resistance (gains between 1  a n d  1000).

The I N A  i s  fo l lowed b y  a  sample and  ho ld  ampl i f ier  a n d  a  1 2 -b i t  A D C .

* In addi t ion,  f r o n t  panel  indicat ion i s  g i ven  o f  voltage overloads o n  o n e  o r
more o f  t h e  1 6 / 3 2  analog inputs ,  f o r  q u i c k  diagnosis d u r i n g  troubleshooting.
(This operates f o r  a l l  values o f  I N A  gain).

* In  t h e  " t es t  o f f se t "  mode ,  t h e  var ious boa rd  sensors a r e  isolated, a n d  t h e
INA i n p u t  automatically grounded. T h i s  facilitates o f fse t  adjustment b y  obviating
the need t o  remove t h e  analog i n p u t  connector a n d  insert  a  "dummy p lug"  t o
ground t h e  3 2  inputs. "Test" mode i s  indicated o n  t h e  f r o n t  panel.

* The TSVME420-R board operates as  a  slave o n  t h e  V M E  bus.

The d i g i t a l  sect ion i s  m a d e  u p  o f  a n  address decoding modu le  ( 4  words ) ,
address modif iers (shor t  I / O ) ,  a n d  a  u n i t  f o r  managing interrupts (selection b y
7 jumpers i n  transmit) o r  pol l ing mode.
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The con t ro l  l o g i c  operates essentially o n  t h e  va r ious  registers, t h e  I 6 -bi t
control/status registers (channel number,  s ta r t ,  busy,  abor t ,  Enable  I T ,  IRQP) ,
and t he  register o f  interrupt vector numbers ( 8  bits).

Only t h e  "Abor t "  b i t  c a n  b e  used t o  cancel a  conversion i n  progress wi thout
having t o  w a i t  f o r  t he  end  o f  the  ent ire acquisition process.

A sequencer i s  used t o  synchronize acquisition t imings a n d  calculate t h e  I N A
settling t i m e  f o r  each board gain setting.

The data  register ( 1 6  b i t s )  reads t h e  sampled d ig i ta l  value,  a n d  also holds 1
"busy" b i t .

* ANALOG/DIGITAL iso la t ion  i s  p rov ided  b y  photocouplers a n d  a  D C / D C
convertor. Th i s  gives a n  excellent breakdown resistance and  ve ry  good immunity
to digital/analog noise (h igh common mode rejection rat io).

*The f r o n t  edge s t r ip  holds a  37 -pin SUB- D  male connector f o r  t he  3 2  analog
inputs, t h e  overload l e d  ("OVLD"),  a  l e d  ("TEST") f o r  " test  offset"  mode, a n d
a access hole f o r  t he  I N A  o ffse t  potentiometer.

* OPTIONS :

The fol lowing optional features are  available f o r  t he  TSVME420-R board :

- OPTION- Z  :  H i g h  i npu t  Impedance o n  "Power O f f "  ;  analog inputs remain a t
high impedance when  the  board i s  n o  longer powered ( c f  :  redundant systems).
TSVME42ORZ.

- CONFIGURATION- I  :  E a c h  o f  t h e  i npu t s  c a n  t a k e  a  cu r ren t  l o o p ,  t h u s
giving a  s h u n t  resistance (standard :  2 5 0  ohms,  0 .01%, 5  ppm/degrees C . )
across t h e  0 /20mA inputs. (Customer configuration).

- CONFIGURATION- F  :  E a c h  i n p u t  h a s  a  1 s t  o r d e r  low-pass  f i l t e r  ( o r
possibly a  high-pass f i l t e r )  f o r  selection o f  t h e  required passband. ( C u s t o m e r
configuration).
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TABLE 1  -  TA B L E  O F  CONFIGURATION SETTINGS

FEATURE I JUMPER 1  SOFTWARE 1

32 i n p u t s  ( S E )  /  1 6  i n p u t s  ( D I )

Number o f  c h a n n e l  c o n v e r t e d

Gain o f  c h a n n e l  c o n v e r t e d

S e l e c t i o n  :  ADC i n p u t  v o l t a g e

S e l e c t i o n  :  ADC o u t p u t  c o d e

Adjustment :  I N A  o f f s e t

Adjustment :  ADC o f f s e t

Adjustment :  ADC g a i n

S e l e c t i o n  :  a c q u i s i t i o n  r a t e

S e l e c t i o n  :  b a s e  a d d r e s s

S e l e c t i o n  :  a d d r e s s  m o d i f i e r

I T / p o l l i n g  mode

IT i d e n t i f i c a t i o n  number

Number o f  l i n e  s e n d i n g  I T

Number o f  I T  v e c t o r

" Te s t "  mode command

Abort  :  H a l t  w i t h  c o n v e r s i o n  i n  p r o g r e s s

X

RESISTOR

x

x

FACTORY SET

FACTORY SET

FACTORY SET

X

X
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1.3 -  SPECIFICATIONS

TSVME420-R board, characteristics f o r  Ta m b  =  2 5  degrees C . ,  power supply
complying w i t h  V M E  bus,  V e  =  ±  1 0 V,  differential mode, except where
otherwise indicated.

TABLE 2

= = = S i g U M

INPUT CHARACTERISTICS :
.  = . .

° = . . .

.Number o f  analog channels (jumper-selected) 3 2  s ing le  ended/16 d i f f e r e n t i a l

.ADC input  voltage (jumper-selected)- ( 1 ) -  1  5V;  t  10V; 0-10V

.Range of  INA gains 1  t o  1000 ( s e t  by  r e s i s t o r )

.Maximum non-destructive input  vol tage

.Input impedance

N S

.Bias current  :  Iamb = 25 degrees C.
Tamb = 0  t o  55 degrees C

.Input o f f s e t  vol tage -  ( 2 )  -

_Range o f  input  o f f s e t  adjustment

.Offset vol tage d r i f t  -  INA -  ( 6 )  •  ( R T I )  -

.CMRR ( d i f f e r e n t i a l  i n p u t ,  DC t o  50 Hz)

= = =

t  3 0 V  (Power ON )
t  2 0 V  (Power OFF)

500 Mohms//60 pF (on  selected channel)
500 Mohms//10 pF (on  non-

selected channel)

t 3  nA (  t  1 0  n A  max.)
1 7  nA (  t  9 0  n A  max.)

t20pV max., f a c t o r y  set,G=1000

t 2 0 0  uV

t 1 . 5  pV/Degree C. (G=1000)
t 8  y V / D e g r e e s  C.  (G=1)

90 dB (G=1),105 dB (G=1000)

= = S I V . . . = = . - = i i r = = = = = = . " = = = 1 1 1 = = =

TRANSFER CHARACTERISTICS :
=================================================== . .

.ADC resolut ion

.ADC output code :  unipolar
bipolar

.Conversion t ime,  whole chain

12 b i t s

straight b inary  :  SB
offset b inary  :  OB o r

2's complement
(TC)

160 ys max., G=1 a n d  G=10
250 ps max., G=100
1 msec max., G=1000

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  =  = = = = = = = = = = = = = = = = =  = = = = = .
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ACCURACY :

.Accuracy o v e r  w h o l e  c h a i n  ( 3 ) , ( 4 )  -

. L i n e a r i t y  o v e r  w h o l e  c h a i n

. D r i f t  i n  a c c u r a c y  o v e r  w h o l e  c h a i n

. L i n e a r i t y ,  ADC

. D i f f e r e n t i a l  l i n e a r i t y ,  ADC

.Gain e r r o r ,  ADC ( 2 )

. O f f s e t  e r r o r ,  ADC ( 2 )

.ADC m o n o t o n i c i t y  ( n o  c o d e  m i s s i n g )

t  0 . 0 5 %  FSR max .  ( G = 1 )
t 0 . 1  %  FSR max .  ( G = 1 0 9 0 )

t 0 . 0 2 5 %  FSR
t 7 5  ppm/degree  C .  ( G = 1 0 0 0 )
t 3 0  ppm/degree  C .  ( G = 1 )

t  1 / 2  LSB max.

t  1 / 2  LSB
t  1  LSB max.  5  t o  5 5  d e g r e e s  C .

Factory  s e t

Factory  s e t

Guaranteed f r o m  0  t o  5 5  d e g r e e s  C .

DYNAMIC CHARACTERISTICS :

. C r o s s t a l k  c h a n n e l  ON /  c h a n n e l  OFF

.Slew r a t e ,  w h o l e  c h a i n  ( b e f o r e  ADC)

-Temporal  u n c e r t a i n t y  o n  s a m p l i n g

.Thresho ld  f o r  o v e r l o a d  i n d i c a t o r  (OVLD)

"OVLD" d e t e c t i o n  t i m e  ( A t t a c k )
"OVLD" h o l d  t i m e  ( R e l e a s e )

>100 dB a t  1  KHz

0 . 6  V / p s  ( G = 1 )

t  1 5 0  n s e c .

t  1 0 . 4 V  ( + / - 3 % )

20 p s
500 msec.

ANALOG/DIGITAL ISOLATION ( 5 )  :

. I n s u l a t i o n  v o l t a g e  ( c o n t i n u o u s )

.A/D l e a k a g e

.IMRR ( I s o l a t i o n  Mode R e j e c t i o n  R a t i o )

(DC)

1000 VDC
1500 VDC f o r  1  m i n u t e

1G ohms / / 1 0 0  p F

>160 dB
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S I C

- - - - - - - -  = -

= = = =

VME SECTION (S lave  board) :
========================================================================

12 S S = = S S L S

.Type o f  data t ransfer

.Command and status reg is ters  (R/W*)

.Vector number reg is te r

.Data reg is te r

.Addressing space (shor t  i / o )

Interrupt generator

A16 -  D16

16 b i t s

8 b i t s

16 b i t s

4 word addresses ( 1 6  b i t s )  i n  the
64Kbyte area predecoded by address
modifiers AMO-AM5/2D and 2D+29, i .e .
"supervisor" mode o r  "supervisor and
user" mode.

Dynamic vector programming
Level selected by jumper
ROAK option "Release On
AcKnowledge"

ENVIRONNEMENT :

.Power supply

.operating temperature

.Storage temperature

.Relative humidity

.Warm up t ime

.VME compat ib i l i ty

Dimensions o f  board copper area

+5V; 5  %; 2 A  max.

0 t o  +60 degrees C.

-40 t o  +85 degrees C.

0 t o  90% non- condensing

15 mn

Electr ical  and mechanical

233.6 x  160 x  1 . 6  mm

NOTES :

- ( 1 )  Board delivered set f o r  ±  1 ° I (  FSR, G  =  1 .
- ( 2 )  Adjustable
- ( 3 )  FSR =  Ful l  Scale Range .
- ( 4 )  Including offset, linearity, and gain errors.
- ( 5 )  Relative humidity =  45%, Tamb =  2 5  degrees C .
- ( 6 )  R T I ,  Refered To  Input.



TSVME 420-R :  16 /32 A D C  w i t h  isolated inputs P a g e  1 0

1.4 -  EOUIPMENT REQUIRED F O R  USE

- One V M E  rack  w i t h  backplane (optional extension n o t  required, as  P 2  i s  n o t
used) and  power  supply.

-One ,VME-compatible C P U  board.

I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
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II T E C H N I C A L  DESCRIPTION

2.1 -  INTRODUCTION

- This chapter gives t he  information required f o r  understanding t he  operation o f
the board, i .  e . :

* the def in i t ion o f  selectors a n d  connectors, V M E  interfacing, board  mapping,
write/read timings.

2.2 -  DESCRIPTION O F  SELECTORS A N D  CONNECTORS

Table 3  a n d  Figures 2  a n d  3  g i v e  t h e  identif ication a n d  board  locat ion o f
selectors and  connectors.
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TABLE 3

REFERENCE FUNCTION 'CHAPTER

. S 1 ,  S 2

. S 3

. S 8 ,  S 9 ,  S 1 0 ,  S 11

. S 1 2

S e l e c t i o n  o f  ADC i n p u t  r a n g e  :  0  t o  1 0 V  ( u n i p o l a r )  1 3 . 2 . 7
t  5 V,  t  1 0 V  ( b i p o l a r ) I

S e l e c t i o n  o f  ADC o u t p u t  c o d e  :  U n i p o l a r ;  S B
B i p o l a r ;  OB o r  TC

3 . 2 . 8

S e l e c t i o n  o f  3 2  i n p u t s  " S i n g l e  Ended" 1 3 . 2 . 6
16 i n p u t s  " D i f f e r e n t i a l "

S e l e c t i o n  o f  b o a r d  b a s e  a d d r e s s  ( 0 0 0 0  t o  FFFB)h 1 3 . 2 . 2

. S 1 3  S e l e c t i o n  o f  i n t e r r u p t  l i n e  number ( 1  t o  7 )  T r a n s m i t /  1 3 . 2 . 3
Receive

. S 1 4  S e l e c t i o n  o f  " s u p e r v i s o r "  o r  " s u p e r v i s o r  a n d  u s e r "  mode 1 3 . 2 . 1

. P 1

. P 3

. DE1

. D E 2

. R 1 0 1

. R 1 0 3

. R 1 0 2

. R 1 0 4

S4, S 5 ,  S 6 ,  S 7

VME i n t e r f a c e  c o n n e c t o r  (D1N41612  9 6 - p i n  m a l e )  1 2 . 3

Front  p a n e l  a n a l o g  i n p u t  c o n n e c t o r
(SUB.D 3 7 - p i n  m a l e )

3 . 3

"OVERLOAD" l e d  i n d i c a t o r  (OVLD o n  f r o n t  p a n e l )  1 3 . 2 . 5

"Test  Mode" l e d  i n d i c a t o r  (TEST o n  f r o n t  p a n e l )  1 3 . 2 . 4

INA o f f s e t  p o t e n t i o m e t e r
( a c c e s s i b l e  f r o m  f r o n t  p a n e l  :  "OFFS AMP")

ADC g a i n  p o t e n t i o m e t e r  ( u n i p o l a r  a n d  b i p o l a r  modes)

ADC o f f s e t  p o t e n t i o m e t e r  ( u n i p o l a r  mode)

ADC o f f s e t  p o t e n t i o m e t e r  ( b i p o l a r  mode)

S e l e c t i o n  o f  c o n v e r s i o n  t i m e  -TCONV-
(dependant o n  I N A g a i n  s e t ) .

3 . 4

3 . 4

3 . 4

3 . 4

3 . 2 . 1 0

. P 2

. W 5 ,  W 6 ,  W 7

. R 1 4

. CROSS-HATCHED AREA

. W 1 ,  W 2 ,  W 3 ,  W4

Not u s e d

Solder  b e a d s ,  f a c t o r y  s e t

R.GA1N ( R G ) ,  n o t  w i r e d  ( G A I N ,  I N A  =  1 )

Not w i r e d

Not s o l d e r e d

I .  T P 1  I " A n a l o g  g r o u n d "  t e s t  p o i n t  ( O VA )  -  ISOLATED -

I I
I .  T P 2  I " L o g i c  g r o u n d "  t e s t  p o i n t  ( O V L )  -  VME s e c t i o n  - 1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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3

PIN No. R O W  A
1 S I G N A L

:USED I  ROW B : U S E D  I  ROW C : U S E D
: ( 1 )  I  SIGNAL :  ( 1 )  I  SIGNAL :  ( 1 )

2 2

1 DO BBSY* : NU 08
2 D1 BCLR* : NU D9
3 D2 ACFAIL* : NU D10
4 D3 BG0 I N *  : CH Dll
5 D4 BG0 OUT* : CH D12
6 DS BG1 I N *  : CH 013
7 D6 BG1 OUT* : CH 014
8 D7 BG2 I N *  : CH D15
9 GND BG2 OUT* : CH GND
10 SYSCLK BG3 I N *  : CH SYSFAIL* : NU
11 GND BG3 OUT* : CH BERR* : NU
12 DS1* BRO* SYSRESET*:
13 DSO* BR1* LWORD* : NU
14 WRITE* BR2* AM5
15 GND BR3* A23 : NU
16 DTACK* : AMO A22 : NU
17 GND AM1 A21 : NU
18 AS* AM2 A20 : NU
19 GND AM3 A19 : NU
20 IACK* GND A18 : NU
21 IACKIN* : SERCLK : NU A17 : NU
22 IACKOUT* : SERDAT : NU A16 : NU
23 AM4 GND A15
24 A7 IR07* A14
25 A6 IR06* A13
26 A5 IRO5* Al2
27 A4 IR04* All
28 A3 1R03* A10
29 A2 IR02* A9
30 Al 1R01* : A8
31 -12V : NU +5V STDBY: NU +12V : NU
32 +5V +5V +5V

2.3 -  V M E  INTERFACE

- Only connector P 1  o f  t h e  V M E  b u s  i s  used  b y  t h e  TSVME420-R board.
Signals f r o m  the  V M E  extension w i l l  b e  ignored.

- For a  complete def in i t ion o f  t h e  V M E  bus ,  r e f e r  t o  t h e  document " V M E
BUS SPECIFICATIONS M A N U A L "  ( ref .  TSDOC V M E )  (no t  supplied).

- Table 4  shows t he  signals used b y  t he  board o n  connector P1 a n d  the i r  p i n
assignment.

NOTE : Throughout t h i s  manual ,  s ignal  names fo l lowed b y  t h e  symbol  *  (e.g.
DTACK*) w i l l  b e  used t o  indicate signals wh ich  a r e  active a t  l o w  level  ( =  0 )
or o n  t h e  fa l l ing edge.

TABLE 3  -  CONNECTOR P I  -  SIGNALS A N D  P I N  CONFIGURATION

(1) :
signal n o t  used :  N U
signal used :  ( no  legend)
signal unused o n  board b u t  chained :  C H
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SIGNAL MNEMONIC S I G N A L  T Y P E  F R O M  T O  I  A d a p t .
!NETWORK

A01 -  A 1 5 Address b u s  ( 1 5  l . ) 3STD CPU TSVME420-R YES

AMO -  AM5 Address m o d i f i e r 3STD CPU TSVME420-R YES

AS* Address e n a b l e 3HC CPU TSVME420-R YES

WRITE* Wr i t e 3STD CPU TSVME420-R YES

DSO* -  D S 1 * Data e n a b l e 3HC CPU TSVME420-R YES

DOO -  D 1 5 Data b u s 3STD CPU,VME42OR TSVME420R,CPU YES

DTACK* Data acknowledge OC VME42OR CPU YES

BGOIN* t o  BG3IN* Bus ass ignment TPSTD A r b i t e r TRANSPARENT NO
BGOOUT* t o  BG3OUT*

IR01* t o  I R Q 7 * I n t e r r u p t  r e q u e s t OC TSVME420-R CPU YES
(7  l i n e s )

IACKIN* I n t e r r u p t  acknowledge TPSTD CPU/other
s l a v e

TSVME420-R
NO

IACKOUT* (Da isy  C h a i n ) TSVME420-R Other  s l a v e

IACK* CPU TSVME420-R YES

SYSRESET* System
r e i n i t i a l i z a t i o n

OC CPU TSVME420-R YES

SYSCLK System c l o c k TPHC CPU TSVME420-R YES

NOTE :

. Connector P I  i s  a  9 6 -pin D I N  41612 male  connector w i t h  3  r o w s  ( A  -  B
- C )  o f  3 2  p ins  each.

Table 5  shows t h e  func t ion  o f  MNEMONIC  named signals w i t h  t h e  t y p e  o f
output used.

- F o r  s impl i f icat ion,  t h e  f o l l ow ing  abbreviations a r e  u s e d  t o  ind ica te  t h e
different types o f  command circuits :

"Totem-Pole" (h igh current) >  T P  H C
"Totem-Pole" (standard) >  T P  STD
Three-state (h igh  current) 3  H C
Three state (standard) >  3  STD
Open collector - >  O C

TABLE 5
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7.4 -  ADDRESSES. REGISTERS A N D  INTERRUPTS

2.4,1 -  Address

a) Address modifiers

• The  board only accepts the following two codes :

- 2 D
- 2 D  o r  2 9

} Selection b y  jumper S14

Page 1 7

Both codes correspond t o  "short" addressing - 1 6  address bits-  reserved f o r  i / o
boards (short i /o ) .

The only difference between them concerns the enabling o f  board access :

- Supervisor
- Supervisor

Mode (privileged)
or user mode (non-privileged)
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TABLE 6

IHEX

CODE

ADDRESS
MODIFICATION :  AMx
5 4  3  2  1  0  F U N C T I O N DEFINED BY

3F

3E

3D

3C
3B

3A

39

38
30 3 7  H
2F
2E
2D 1

2C
28
2A
29 1

28
2 0 . 2 7  H
10.1F L
OF

-  -=

H H  H  H  H  S t a n d a r d  s u p e r v i s o r y
ascending a c c e s s

H H  H  H  L  S t a n d a r d  s u p e r v i s o r y
program access

H H  H  L  H  S t a n d a r d  s u p e r v i s o r y
data a c c e s s

H H  H  L  L  N o t  d e f i n e d
H H  L  H  H  S t a n d a r d  non- p r i v i l e g e d

ascending a c c e s s
H H  L  H  L  S t a n d a r d  non- p r i v i l e g e d

program access
H H  L  L  H  S t a n d a r d  n o n - p r i v i l e g e d

data a c c e s s
H H  L  L  L  N o t  d e f i n e d
H L  X  X  X  N o t  d e f i n e d
L H  H  H  H  N o t  d e f i n e d
L H  H  H  L  N o t  d e f i n e d
0 1  1  0  1  S h o r t  s u p e r v i s o r y

I / O  access
L H  H  L  L  N o t  d e f i n e d
L H  L  H  H  N o t  d e f i n e d
L H L H L N o t  d e f i n e d
0 1  0  0  1  S h o r t  n o n - p r i v i l e g e d

I /O  a c c e s s
L H  L  L  L  N o t  d e f i n e d
L L  X  X  X  N o t  d e f i n e d
H X  X  X  X  N o t  d e f i n e d
L H  H  H  H  E x t e n d e d  s u p e r v i s o r y

ascending a c c e s s

VMEbus s p e c .

VMEbus s p e c .

VMEbus s p e c .

Reserved
VMEbus s p e c .

VMEbus s p e c .

VMEbus s p e c .

Reserved
Reserved
Reserved
Reserved

VMEbus s p e c .

Reserved
Reserved
Reserved

VMEbus s p e c .

Reserved
Reserved
User

VMEbus s p e c .
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IHEX

(CODE

ADDRESS
MODIFICATION :  AMx
5 4  3  2  1  0  F U N C T I O N DEFINED B Y

OE L  L  H  H  H  L

OD L  L  H  H  L  H

OC L  L  H  H  L  L
08 I L H L H H

OA I L H L H L

09 L  L  H  L  L  H

08 L  L  H  L  L  L
00 0 7 1 L L X X X

Extended s u p e r v i s o r y
program access
Extended s u p e r v i s o r y
data a c c e s s
Not d e f i n e d
Extended n o n - p r i v i l e g e d
ascending a c c e s s
Extended n o n - p r i v i l e g e d
program access
Extended non- p r i v i l e g e d
data a c c e s s
Not d e f i n e d
Not d e f i n e d

VMEbus s p e c .

VMEbus s p e c .

Reserved
VMEbus s p e c .

VMEbus s p e c .

VMEbus s p e c .

Reserved
Reserved
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b) Base address

- T h e  board i s  designed t o  accept short  addressing ( A  t o  A 1 5 ) ,  a n d  b i t s  A 1 6
to A 2 3  w i l l  b e  ignored.

- T h e  b o a r d  occupies 8  by tes  ( A O  t o  A 2 )  i n  s h o r t  addressing areas. T h e
board address i s  therefore b inary  encoded o n  1 3  b i t s  ( A 3  t o  A 1 5 )  b y  jumper
S12, wh i ch  defines t h e  relative position o f  t he  8  bytes occupied b y  t h e  board
in t h e  VMEbus  shor t  addressing area. T h i s  represents a n  address o f f se t  a n d
not a n  absolute address. ( B a s e  address).

Board a d d r e s s Base a d d r e s s  +  A d d r e s s i n g  s p a c e  o c c u p i e d

\
a b s o l u t e  a d d r e s s  a d d r e s s  o f f s e t

w i t h  r e s p e c t  t o  AO
(16 b i t s )  ( 1 3  MSBs)

access t o  i n t e r n a l
r e g i s t e r s

(3 L S B s )

A15 - - - >  AO A 1 5  - - - >  A 3  A 2  A l  AO
\  — v - - - - - - /  \ — v — /
max =  FFFF ( h )  =  F F F 8  ( h )  max  •  7  ( h )  m a x
min =  0 0 0 0  ( h )  =  0 0 0 0  ( h )  m i n  •  0  ( h )  m i n

The base address goes f r o m  0000 t o  FFF8 bytes i n  modulo 8 .
(0, 8 ,  1 0 ,  18(h)  . . .) .

This i s  included i n  t h e  "short i / o "  space o n  t h e  V M E  (FF0000 t o  FFFFF,  f o r
THEMIS C P U  board).

c) Address mapping

- F igure 4  shows the  mapping o f  a l l  board access registers.

- T h e  control  register i s  I 6 -bi t  accessible.

- T h e  status register i s  1 6 -bi t  accessible.

- T h e  vector number register i s  8 -b i t  o r  1 6 -bi t  accessible.

- T h e  data register i s  1 6 -bi t  accessible.

* T h e  c o n t r o l  reg is te r  conta ins  t h e  n u m b e r  o f  t h e  channe l  t o  unde rgo
conversion (8LSBs), a n d  commands (8MSBs) (start, etc.) .  T h e  status register i s
practically a  c o p y  i n  read mode o f  t he  control  register :  (see chapter 2.4.2 -
Registers - ) .

1
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Addresses :  A 2 ,
are n o t  u s e d

A l , AO 0
0

0
1

1
0

1 (h )
2 ( h )

see n o t e  1
see n o t e  2

1 0 1 5 ( h )
1 1 0 6 ( h )
1 1 1 7 ( h )

FIGURE 4  -  MAPPING O F  ADDRESS REGISTERS

Address :
16 B I T S

WRITE

READ

WRITE

READ

WRITE

READ

COMMANDS I / / / / / / / / / / / / / I C H A N N E L  N o .  CONTROL

COMMANDS

8 b i t s  (MSBs)

I / / / / / / / / / / / / I C H A N N E L  N o .

4

5 b i t s

VECTOR number

VECTOR number

DO7 8  b i t s  D O O
(LSBs)

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 1

B U S Y I / / / / / / / / / / / / 1  D A T A  :  R e a d  ADC

1 b i t
4
D l i  1 2  b i t s

D15 0 0 0

/ / / /  :  I r r e l e v a n t

Notes :

STATUS

VECTOR

DATA

hex A 2  A l  A O
0 0  0  0

0 0

3 0

3 0

X

4 1

0

1

1

X

0

0

1

1

X

0
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-  W e  have, then :

* Control register (commands +  channel No. )  - >  "word" address, base @  +  $ 0
(h), 1 6  bits write only.

* Status register - - - >  "word" address, base @  +  $ 0  (h) ,  read.

* Vector  number register - - - >  "byte" address, base @  +  $3(h) wr i te  o r  read
(8 bits).

* Data  register - - - >  "word" address, base @  +  $ 4  (h) ,  read only.

- NOTE 1 : The status register m a y  i n  fac t  b e  accessed b y  "byte" address i n
read mode, though the board wi l l  still deliver the  1 6  status bits o n  the  V M E
bus:

• "Most significant byte" address; base @  +  $ 0  ( h )
status
. "Least significant byte" address; base @  +  $1 ( h )

} Read o n  1 6  bits,

- NOTE 2 : The board i s  protected against "byte" access o n  $ 2  (h) .  This  applies
for write and read, n o  D TA C K *  returned - - > "  Bus Time Out" - C P U -
If so  desired, "word" address access t o  $ 2  (wr i te  and  read) i s  possible, b u t
only the  8LSBs wi l l  b e  significant.

- NOTE 3 : The board i s  protected against "byte" access writes t o  t h e  control
register:
$0 ( h )  " b y t e "  address, write; - - >  forbidden
$1 ( 1 )  I

Ignored, and n o  D TA C K *  returned.

- NOTE 4 : For t h e  da ta  register, t h e  board i s  protected against "byte" access
(read mode):
$4 ( h )  "byte" address, read; - - >  forbidden
$5 ( h )

Ignored, and n o  D TA C K *  returned.

- NOTE 5 : The board ignores "write" accesses t o  the  data register.

Ignored, and n o  D TA C K *  returned.

- NOTE 6 : The board i s  protected against "write" accesses o n  t h e  vector and
control registers. I f  "busy" =  I  (conversion i n  progress); n o  D TA C K *  returned
-- - >  Bus Time  Out  -  CPU.  See details on  "Abort", 2.4.2 - a .
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V4 V3 V2 V1 VO HEX Channel No.

0 0 0 0 0 00 0
0 0 0 0 1 01 1
I I I I I I 1
v v v v v v v
I I I I I I 1
0 1 1 1 0 OE 14
0 1 1 1 1 OF 15

1 0 0 0 0 10 16
1 0 0 0 1 11 17
I I I I I I 1
v v v v v v v
I I I I I I 1
1 1 1 1 0 1E 30
1 1 1 1 1 1F 31

2.4.2 -  Registers

Figure 6  shows t h e  contents o f  t h e  various registers f o r  board access v i a  t h e
VME data bus (D00 t o  D15).

a) Control register

• O n  p o w e r  u p ,  a l l  c o n t r o l  r eg i s te r  b i t s  a r e  f o r c e d  t o  0  - - - >  t h e
corresponding b i t s  are  therefore active a t  level 1 .

* Channel  n u m b e r  :  ( V 4 ,  V 3 ,  V 2 ,  V I ,  V O )  =  N u m b e r  o f  channel  f o r
conversion :
- 1 6  channels ( D I )  c o d e d  o n  4  b i t s
- 3 2  channels (SE) - - - ->  coded o n  5  b i t s

TABLE 6

1
16 channels
( d i f f e r e n t i a l )

>  32 channels
(Single Ended)

Bit V 4  i s  n o t  used i n  differential mode, and  w i l l  b e  ignored b y  t h e  board.



I

/ / /
/ / /

IT
EN

/ / /
/ / /

abo
r t

te
st

sta
rt

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

V4 V3 V2 V1 VO

IR
OP

IT
EN

/ / /
/ / /

abo
r t

te
st

bu
sy

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

V4 V3 V2 V1 VO

N7 N6 N5 N4 N3 N2 N1 NO

N7 N6 N5 N4 N3 N2 N1 NO
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REGISTER CONTENTS

FIGURE 5

D15 D 1 4  D13 D12 D11 D10 D9 D 8  D 7  D 6  D 5  D 4  D 3  D 2  D 1  D O

I
8 b i t s

% - - - v - - - - - /
channel number

> 4

8 b i t s

(MSBs) ( L S B s )

\
WR* C o n t r o l

RD S t a t u s

WR* v e c t o r
number

RD

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

BU
SY

of°
0 D11 D10 D9 08 D7 D6 D5 D4 D3 D2 01 DO

‘.. v J  '   w  . . /

f ixed R e s u l t  o f  conversion :  ADC 12 b i t s

/1/ :  I R R E L E VA N T

/

Address=0(h)
"word"

Address=3(h)
"byte"

WR* D a t a  A d d r e s s = 4 ( h )
"word"

RD

* Start : performs conversion w i t h  a l l  parameters as  defined i n  control  register.
(start =  1 ) .

* Test : "Test" mode ( test  =  1 )  "shunts" t h e  I N A  inputs  t o  ground and  "inhibits"
the board's 16 /32  analog inputs t o  a l low immediate o f fse t  adjustment b y  R101.
This funct ion has pr io r i t y  o n  channel numbers selected previously.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
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* Abort : The A B O R T  b i t  cancels t h e  conversion i n  progress. T h e  c o n t r o l
register i s  protected against w r i t e  access wh i l e  "busy" =  1 ,  unless "abort" =  1 .
This avoids conversions be ing  performed unnecessarily (e .g .  :  g  =  1000
conversion t i m e  =  1  msec . ) .  T h i s  b i t  reini t ia l izes t h e  b o a r d s  i n t e rna l
sequencer and, 1 6  p s  later,  resets "busy" =  0 .

The A B O RT b i t  does n o t  destroy t h e  o l d  data  i n  t h e  control  register. A  n e w
conversion i s  performed b y  s imp ly  rewr i t ing t h e  n e w  da ta  i f  necessary ( w i t h
"abort" =  0  and  "start" =  1 ) .
Note :  t h e  n e w  conversion (start) mus t  b e  started 5 0  p s  a f te r  wr i t i ng  o f  t h e
"abort" b i t  i n  t he  control register. (See chapter 2.5.3).

* ITEN : With " ITEN"  =  1  ( I T  ENABLE)  t h e  board operates i n  "INTERRUPT"
mode. Once  t h e  board  has  terminated a  conversion, i t  sends a n  in terrupt  t o
the CPU.  (Useful  f o r  relatively long conversions -  h i gh  I N A  gain).

ITEN =  0  selects "Polling" mode, i .  e .  t he  C P U  surveys t he  end o f  conversion
("BUSY") i n  t he  status o r  data register. (See chapters b  and  d ) .

b) Status register

The status register i s  a  copy  i n  read mode o f  t h e  control  register as  regards
channel numbers, "TEST" mode, "Abor t  function" and  " I T  ENABLE".

The t w o  registers o n l y  d i f f e r  i n  t he  fol lowing t w o  functions :
DI 0 =  "BUSY"
D15 =  "IRQP" (see f igu re  5 )
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- BUSY  : The START b i t  i n  write mode becomes the "busy" b i t  i n  status read
mode. Once the  board performs a  conversion o n  a  channel ("start" =  1 ) ,  "busy"
= 1  immediately appears i n  t h e  status register. T h i s  b i t  remains a t  1  a n d
masks a l l  internal conversion sequencing (not only the ADC) ,  falling t o  0  when
the converted data i s  validated. This applies f o r  a l l  I N A  gains and multiplexing
sequences.

- I R Q P  : IRQP b i t  =  1  indicates t h a t  t h e  board has  finished converting a
channel and  sent o u t  a n  interrupt. I R Q P  remains a t  1  un t i l  this interrupt i s
registered and serviced b y  the CPU.

* Note : IRQP i s  (or  becomes) inactive =  0 ,  i f  :

ITEN =  0  (Polling mode)
ABORT =  1  (Ha l t  conversion)
ADC read (converted value) activated; data register i n  read.

- NOTE : bits D 5 ,  D 6 ,  D 7 ,  and D13  are fixed t o  level 0 .

c) Vector Number register

When t h e  C P U  has  registered a n d  acknowledged a n  interrupt sent f r o m  t h e
board, the  board sends back a  vector number (on 8  bits) t o  the  C P U ,  which
is used t o  perform the appropriate subroutine.

- Write : The vector number i s  "dynamically" programmable, which  means, f o r
example, t h a t  a  different vector c a n  b e  wri t ten i n  t h e  register f o r  each
channel i n  real time, (except when "busy"=1).

- Read : Copy o f  previously written register (last write registered).

NOTE : During the  acknowledge cycle i n  interrupt serviced mode, validation o f
the vector number register i n  read i s  n o  longer 3  ( h ) ,  b u t  t h e  address @ x
present o n  t h e  address bus (A1 ,  A 2 ,  A 3 ) ,  i f  this corresponds t o  the  interrupt
line number selected o n  the board.

d) Data register

This register contains data f rom the  1 2 -bit A D C  (result o f  conversion) i n  D O
to D11 ,  and the "busy" b i t  i n  D15,  which can b e  tested a t  the same t ime as
the A D C  read (figure 5 ) .  This b i t  i s  the  same a s  D 1 0  i n  the  status register
(chapter b ) .

The three remaining bits D 1 4 ,  D 1 3 ,  D 1 2  a re  forced t o  0 ,  and  t h e  following
is read o n  the  data register
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D15 D11 D O

0 X  X  X  I  ( h )  i f  busy =  0  D a t a  va l idated (end o f  conversion)
8 I X  X  X  I  ( h )  - - - >  i f  busy =  1  - - - 4  Data NOT va l idated

L d i g i t i z e d  value (ADC)

- A s  t h e  board operates i n  A / D  conversion, t h e  da ta  register i s  o n l y  read-
accessible.

2.4.3 -  Interrupts

The board m a y  generate a n  interrupt o n  t h e  V M E  bus.  T h i s  request -  1  l i n e
- I R Q x  -  c a n  b e  sen t  o n  o n e  o f  t h e  7  d i f fe ren t  VMEbus  l ines  (IR(21 t o
IRQ7) b y  means o f  selector S I 3 .  Acknowledgement o f  t h e  in ter rupt  b y  t h e
CPU i s  recognized b y  t he  board's I T  generator (v ia  A l ,  A 2 ,  A 3  and  t he  same
selector S13), w h i c h  returns t h e  vec to r  number  t o  t h e  C P U ,  w i t h  DTACIC*
(figure 6  and  chapter 2.6.3).
In t h i s  w a y  t h e  board  monitors interrupts cycles us ing I A C K * ,  IAC1(11,4*, a n d
AS*. T h e  board operates i n  accordance w i t h  t he  V M E  "daisy chain" principle.

IACKOUT* =  0  =  IACKIN*
(continuity)

IACKOUT* =  1
("daisy chain" in ter rupted)

ino I T  generated by board
I IT  served by CPU #  I T  requested

IT served by CPU =  I T  requested



n n
HOLVI:13N39

sne Icia8831N1
4 4 - - - - - .

4 -

sna

IRQX' (1 LINE)

A01 - A03 (3 LINES)

!ACK*

AS*

DSO'
*

WRITE'
po.

4

4

000 - D07 (8 LINES)

DTACK*

SYSRESET*

IACKIN'
it

IACKOUT*

HOIVEI3N30 Ia:1831Ni

4

4

INTERRUPT LEVEL

INTERRUPT REQUEST

FROM DEVICE

INTERRUPT ACKNOWLEDGMENT

FROM VME bus

30IA3a

J

. ,„. <. cm.
: P
I x j
1m
10I >

palelos! (ova

=.0Ca

"Cito00
CO

N.11
00

MN M N  1  I M O  M I —  N E  M N  I N N  I I I I I  111111 M N  N M I  111111 111111 I N S  N M  N M I  I N N  M N  M N



TSVME 420-R :  16/32 A D C  with isolated inputs P a g e  2 9

2.5 -  OPERATION
•

The procedure f o r  complete conversion o n  a n y  o n e  channel i s  essentially a s
follows :

"Write" channel Vx/Read channel V x  -  "Write" channel Vy/Read etc.

2.5.1 -  "PoHine mode

FIGURE 7

TSVME

asEa>
c

tu
2
>  D A T A

BUS

WR* - - I
(start) I .

I I \BUSY 1

READ

ADC
VALUE

write parameters r e a d
channel Vx s t a t u s

1
1

t t

/ /  w r i t e  parameters
channel Vy

Data
Ready' i i

/

o•

1

DATA Vx valid

I - j . t  I - - 7 / /DTACK*--,

NOTE : See chapter 2.6 f o r  "status" read cycle.

t

* The "busy" b i t  (available o n  status register o r  A D C  data bus  i n  read), i s
used b y  the C P U  t o  examine the validity o f  data from the A D C .

NOTE : The "busy" b i t  switches back t o  1  within 1 0 0  nsec.(max) o f  the  falling
edge o f  W R *  (write, start).

WR*

BUSY

100 ns
4.... . . . .- - - Y o

I m a x .

t
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FIGURE 8

Internal

INIT
STARTCONVERSIONVx

TIMEDELAY
READ BOARDSTATUS

YES

NOTE :

BUSY)
INO

READ VxADC

Power up (Board i n t e r n a l  r e s e t )

Read status r e g i s t e r,  a t  base B
+ S 0 (h )  1 - - ,  ( 1 6  b i t s )

I R e a d  data r e g i s t e r,  a t  base 2
SAME FOR CHANNEL +  S 4 ( h )  ) - - - +  ( 1 6  b i t s )

2.5.2 -  Interrupt serviced mode F I G U R E  9

WRITE
Vx

See chapter 2 .6  f o r  interrupt acknowledge cycle.

ACKNOWLEDGE
4 +  read

Vector N' Nx At

WR* —I
(start) '

read Vx
4

ADC value

READ
ADC

IROX*

WRITE Vy

At

/  / / / ? )   D A T A  Vx valid

(  1

I
DTACK* 1        V )   9 -----t I  - --- - 1/2 /

DATA

t  I
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FIGURE 1 0
INIT

WRITE
VECTOR

I f  Nx

START
CONVERSION

Vx

GO ON TO
ANOTHER TASK

(  I R OSERVED?

Change i n  I T  v e c t o r  number r e g i s t e r
at  b a s e  g  +  $  3 ( h )  ( w r i t e ,  8  b i t s )

IT ( I R O X )

ly Y E S

READ
VECTOR Nx

NO

READ
ADC CHANNEL

Vx

SAME FOR CHANNEL Y

b C o n t i n u e  o t h e r  t a s k

CPU r e c e i v e s  I R O X .  I f  i t  d e c i d e s
to acknowledge,  i t  b e g i n s  a  r e a d
cyc le ,  w i t h  t h e  l i n e  number
" e q u i v a l e n t "  t o  1ROX, c o d e d  o n  3
b i t s  ( A l ,  A 2 ,  A 3  o n  address  b u s )
with IACKIN*  a n d  I A C K * .

Reed v e c t o r  r e g i s t e r ,  a t  b a s e  a
+ $  3 ( h )  1 - 4 ,  ( 8  b i t s )
( I n t e r r u p t  acknowledge)

Read d a t a  r e g i s t e r ,  a t  b a s e  a
+ $  4 ( h )  I — +  ( 1 6  b i t s )
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2.5.3 -  Notes

a) A l l  registers a re  read-accessible when t h e  board i s  converting (busy =  1 ) .
They are write-protected unless, i n  the case o f  the control register, "Abort"= 1 .

"Abort"

"BUSY"

"Starr

I
min.

ao ( b o a r d ' s  internal t ime)
16µs

channel "Abort"
(write)

b) It should b e  noted t h a t  t h e  "busy" b i t  i n  "interrupt" m o d e  i s  always
accessible a t  the  same places and wi th  the same timing as i n  "Polling" mode.
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2.6 -  T IMINGS F O R  WRITE/READ A N D  INTERRUPTS

2.6.1 -  Wr i te

Write mode complies w i t h  V M E  standards. ( S e e  f igure  11) .

FIGURE 11  -  Wr i te  cycle o n  control o r  vector register

WRITE

IACK•

TSVME

cc 1—
R a

w 0
2 p
co Cc

<0
co

L

A01-A15
AMO-AM5

AS*

WRITE'

D00-015

DS "0"•

DS "1"'

DTACK*

2.0V
0.8V

--Asia 0

2.0V
0.8V

®

0.8V (

2.0V
_0.8V II

2.0V
0.8V

VON
VoYil

— 0 4  2 O 4 4 -

0.8V- i t /

0.8V- 1 W

IF— c )

2.0V 2.0V
0.8V t i  0 . 8 V
c )

VoWol /

®  4 8 - 1 1

2 OV0.8V  2 . 0 V 40.8V
k  2.0V

It- 1 " — J +  0I.,-
\   2.0V

II

2 . 0 1
0.8V

/ 2.0V

\   2.0V

II
I I

4 1 1 - -  0  - - O A

0.8v
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FIGURE 11  -  T IMINGS

MAX(ns) NOTE

10 D
0 C

30 D
0 C

-10 D
10 D
0 D

= = =

No. P A R A M E T E R  M I N ( n s )

1 A x x  and AMx v a l i d  and IACK* high t o  AS* low
2 DTACK* low t o  i n v a l i d  address o r  IACK* low
3 A S *  high
4 DTACK* low t o  AS* high
5 O f f s e t  AS* DSO*
6 WRITE* v a l i d  t o  DSO*
7 DS1 h igh  t o  i n v a l i d  WRITE*
8 D a t a  v a l i d  t o  DSO* low 10 D
9 DTACK* low t o  i n v a l i d  data 0 C
10 Of fset  DSO* t o  DS1* 20 D
12 DSO* h i g h 30 D
13 DS1* high t o  DSO* low 30 D
14 DS1* high 30 D
15 DSO* low t o  DTACK* low 150 300 C
16 DTACK* low t o  DS1* h i g h 0 C
17 DS1* h i g h  t o  DTACK* high 0 130 B

NOTES :

B -  This t ime  i s  guaranteed between outgoing signal transitions.

Page 3 4

C -  The b o a r d  m u s t  w a i t  f o r  t h e  incoming s ignal  e d g e  f r o m  t h e  M A S T E R
board before changing t h e  level  o f  i t s  output  signal

D -  This guarantees t h a t  t h e  M A S T E R  w i l l  n o t  change t h e  incoming s igna l
until t h e  board has changed i t s  outgoing signal.
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cc
•

0 5

W 0
cc

>N 0
0co

L

2.6.2 -  Read

Register read mode complies with V M E  standards (see figure 12) .

FIGURE 1 2  -  Read o f  control. status. and data registers

IACK•

A01-A15
AMO-AM5

AS*

WRITE*

DS "0-*

DS "1"•

DOO-D1 5

DTACK*

READ

2.0V
0.8V

0

2.0VW0.8V

O

2.0V
0.8V i

2.0V
0.8V

— I o 4  * * - -

2 . 0 V 1

- P I  0  1 4 1 1 - -

1 1 2 . 0 V

r e _  0  _ s i

j o 2 . 0 V
_  A_ 0.8V

_ o p

®

0.8V

3.2V

2.0V

e'

2 . 0 V A

— § 0

2 . 0 1  \   2.0V
0.8V

I 0  I

i I  II I  ( 7 )  _on
I I

I- 1   1 3 .2V
2.0V i 2 . 0 V

15V _ 0 . 8 V  ' 0 . 8 V  1 . 5 V  I

I I  1Lio; c.) .i.,_
0.8V
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FIGURE 1 2  -  T IMINGS

MAX(ns) NOTEI
= = '

10 E
0 D

30 E
0 D

-10 E
10 E
0 E

20 E
0 D

U = 1 . = = = 1 1 1 = = . . = =

===========
No. P A R A M E T E R  M I N ( n s )

1 A x x  and AMx v a l i d  and IACK* high t o  AS* low
2 DTACK* low a t  i n v a l i d  address o r  IACK* low
3 A S *  high
4 DTACK* low t o  AS* high
5 O f f s e t  AS* DSO*
6 WRITE* v a l i d  t o  DSO* low
7 DS1 h igh t o  i n v a l i d  WRITE*
8 O f f s e t  DSO* t o  DS1*
9 DTACK* Low t o  DSO* high
10 DSO* h igh 30 E
11 DS1* high t o  DSO* low 30 E
12 DS1* h i g h 30 E,C
14 DTACK* high t o  DSO* low 0 D
15 DSO* low t o  ac t ive  data bus 30 C
16 Data v a l i d  t o  DTACK* low 0 B
17 DTACK* low t o  DS1* h i g h 0 D,C
18 DSO* h i g h  t o  i n v a l i d  data 0 C
19 Data bus re lease t o  DTACK* high 0 B
20 DS1* h i g h  t o  DTACK* high 0 C
21 DSO* L o w  t o  DTACK* low 150 300 C

NOTES :

Page 3 6

B -  The board must  guarantee th i s  t ime  between t w o  outgoing signal transitions.

C -  The b o a r d  m u s t  w a i t  f o r  t h e  incoming s ignal  e d g e  f r o m  t h e  M A S T E R
before changing t h e  level  o f  i t s  ougoing signal

D -  This guarantees t h a t  t h e  M A S T E R  w i l l  n o t  change t h e  incoming s igna l
until t h e  board changes i t s  outgoing signal.

E -  The b o a r d  i s  guaranteed t h i s  t i m e  between t w o  o f  i t s  ou tgo ing  s igna l
transitions.
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2.6.3) Interrupts

See figure 1 3 ,  interrupt generator complies with V M E  standards.

FIGURE 1 3  -  INTERRUPT ACKNOWLEDGE CYCLE
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FIGURE 1 3  -  T IMINGS

MIN(ns)  MAX(ns)  NOTES'
= = =

to A S *  l o w  1 0
IACK* h i g h  0

30
0

-10
10

0
0
0

S I =

1 N o .  PARAMETER
= =

1 A x x  a n d  AMx v a l i d  a n d  IACK*  h i g h
2 D TA C K *  l o w  t o  i n v a l i d  a d d r e s s  o r
3 A S *  h i g h
4 D TA C K *  l o w  t o  AS*  h i g h
5 O f f s e t  A S *  DSO* l o w
6 W R I T E *  h i g h  t o  DSO* l o w
7 D S O *  h i g h  t o  i n v a l i d  WRITE*
8 I A C K I N *  l o w  t o  a c t i v e  d a t a  b u s
9 D TA C K *  l o w  t o  DSO* h i g h
10 DSO* h i g h 30
11 D a t a  b u s  r e l e a s e  t o  DTACK* h i g h 0
12 DSO* h i g h  t o  i n v a l i d  d a t a 0
13 DSO* l o w  t o  DTACK* l o w 0
14 DTACK* h i g h  t o  DSO l o w 0
15 DSO* l o w  t o  a c t i v e  d a t a  b u s 30
16 V a l i d  d a t a  t o  DTACK* l o w 0
17 A S *  h i g h  t o  IACKOUT* h i g h 30 F
18 I R O *  r e l e a s e  t o  DTACK* r e l e a s e 0
19 A S *  h i g h  t o  IACKIN*  h i g h 40 E
20 I A C K I N *  l o w  t o  IACKOUT* l o w 40 150 C
21 I A C K I N *  l o w  t o  DTACK* l o w 190 450 C

NOTES :

B -  The I N T E R R U P T  G E N E R ATO R  must  guarantee t h i s  t i m e  between t w o
outgoing signal edges.

C -  The INTERRUPT GENERATOR must wait  f o r  input signal edge f rom the
INTERRUPT CONTROLLER before changing the level o f  i ts outgoing signal.

D -  This guarantees that  t h e  INTERRUPT CONTROLLER w i l l  n o t  change t h e
incoming signal u n t i l  t h e  I N T E R R U P T  G E N E R ATO R  changes i t s  outgoing
signal.

E -  The INTERRUPT GENERATOR is  guaranteed this t ime between two o f  i ts
incoming signal edges.

F -  The I N T E R R U P T  G E N E R ATO R  m u s t  guarantee t h i s  t i m e  between t h e
incoming signal and i ts  ougoing signal.
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I I I  -  U S E

3.1 -  RECEPTION O F  EQUIPMENT

* Check tha t  t h e  board's packing i s  i n  good condition. I f  t h i s  i s  n o t  t he  case,
make s u r e  t h a t  t h e  c a r r i e r  i s  p resent  w h e n  t h e  package i s  opened  f o r
inspection o f  t he  equipment.

* Check t h a t  t h e  i tems mentioned o n  t h e  product inventory l i s t  have a l l  been
delivered. I t  i s  a  good idea t o  keep t he  packing f o r  any  fu ture  transportation.
Make sure tha t  n o  damage has occured t o  t h e  f r o n t  edge s t r ip  o r  components.

* The board contains MOS components, and  mus t  no t ,  therefore, b e  exposed t o
excessive electrostatic charges.

3.2 -  B O A R D  CONFIGURATION

The board i s  delivered w i t h  t h e  fol lowing configurations :

Differential mode (16  inputs)

ADC code =  offset  b inary

- A D C  range =  + / -  1 0  VFSR

Base address =  Customer configuration

Address Modi f iers =  Customer configuration

- I T  l i ne  number =  Customer Configuration

3.2.1 -  Address modifiers

* Selector S14, see f igure  1 4  :

0 0  0

1 2  3

POSITION A  :

POSITION B :

S14 ( c o m p o n e n t  l a y o u t )

0 0 - 0

1 2  3

Cr - -0  0

1 2  3

S14 S u p e r v i s o r  a n d  u s e r  mode
(code $ 2 9 ,  $ 2 0 )

S14 S u p e r v i s o r  mode
($2D c o d e )
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3.2.2 -  Base address configuration

Selector S12, see f igure  1 4 .

1

+5VL

OVL

A3 A 4  A 5  A 6  A 7  A 8  A 9  A 1 0  A l l  A l 2  A 1 3  A l 4  A 1 5
1

o o  0  0  0  0  0  0  0  0  0  0

o 0  0  0  0  0  0  0  0  0  0  0

o o  0  0  0  0  0  0  0  0  0  0

Example :

OVL

+5VL

A15 A 1 4  A 1 3  A l 2  A l l  A 1 0  A 9  A 8  A 7  A 6  A 5  A 4  A 3

1O 0 0 0I ° 0 0 I  I
. 1 1 I  0 1 1 1 1O 0

1 0  1  1  0  1  0  1

B

(address =  $ 8 5 E 0 )

5

0 0

E

1 1  1  0

(comp. l a y o u t ,
S12 i m p o r t a n t  :
A15 o n  r i g h t  hand

s i d e )
2

addressing s p a c e
occupied b y  TSVME42OR

X X  X
A2 A l  AO

0 0  0  0
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Example :

20 1 9  2 0 19 -->
Level :  I T

N2 r e c o g n i z e d  by boardo—o
18 0 0 17 --0, N1 (VME =  A01, A02, A03)

0 0 16 15 - - * NOo---o
0 0 14 o 0 13 --.40 IRO7
0 0 12 0 0 11 --> IR06
0 0 10 0 0 9 - - , IRO5
0 0 8 0 o 7 --41. IRO4 IROx (send, 1 l i n e )
0 0 6 0 0 5 - - , IRO3
0 0 4 o- - * 3 —▶ IR02
0 0 2 0 0 1 --a. IRO1
0 0 S13
0 0

IT number
recognized

N2, N1, NO IROx
(send) 1 =  jumper absent \  N2, N1 ,

0 =  jumper present /
NO

1 0 0 1 IR01
2 0 1 0 IR02 above example
3 0 1 1 IR03
4 1 0 0 IR04
5 1 0 1 11205 ligne cut  =  jumper absent \ IRO(
6 1 1 0 IR06 ligne enabled =  jumper absent /
7 1 1 1 IRO7

3.2,3 -  Selection o f  interrupt l i ne  number

- Selector S13 i s  used t o  set  t h e  interrupt level  o n  wh i ch  t h e  board sends o u t
requests a f te r  conversion ( i f  b i t  D14  I T E N  i n  t h e  control register i s  a t  1 ) .

- This selector consists o f  7  jumpers  f o r  set t ing t h e  request l e v e l ,  a n d  3
jumpers f o r  t h e  acknowledge level.

- IMPORTANT :  O n l y  o n e  j u m p e r  m u s t  b e  s e t  o n  I R Q X ,  a n d  t h e
corresponding level  X  must  b e  coded o n  NO, N i ,  N 2 .

2 1
S13 •  I T  (component l ayou t )

The example shows a n  interrupt level  o f  2  ( IRQ2) - - >  (N2 ,  N I ,  NO) =  ( 0 ,  1 ,
0) =  2  ( H ) .  Th i s  i s  coded o n  S13 w i t h  t h e  appropriate jumpers.

Table showing correspondence between I R Q X  a n d  N 2 ,  N I ,  N O .  T h i s  mus t  b e
observed f o r  t h e  board t o  operate correctly i n  interrupt serviced mode.

3- b i t  cod ing 1 jumper

S13

I f  wha t  i s  wanted i s  j u s t  "hard" protection against interrupts, t h i s  i s  s imply  a
question o f  removing t h e  j umper  o n  I R Q x ,  a n d  sett ing t h e  th ree  jumpers o n
NO, N I ,  N 2 .
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3.2.4 -  "Test" indicator

- Ye l l ow  L E D  (DE2)  ( s e e  f igure  1 4 )

DE2 o n  - - *  test  mode
DE2 o f f  - - ,  normal operation

3.2.5 "Overload" indicator

- R e d  L E D  ( D E I )  ( s e e  f igure  1 4 )

DE1 o n  - - ,  o n e  o r  more i npu t  overloads
DE1 o f f  - - >  n o  inpu t  overloads

NOTE :

The characteristics o f  t h e  over load sensor a r e  s u c h  t h a t  t h e  l e d  w i l l  n o t
flicker, even i f  t he  programed scanning i s  s low and  w i t h  o n l y  one channel i n
"overload".

. Detection comes i n  a t  ±  10.4 V ,  and  i s  therefore va l id  f o r  A D C  ranges =
±l0VFSR, o r  0/ l0VFSR.

.Overload detect ion w i l l  s t i l l  b e  a t  1 0 . 4 V,  e v e n  f o r  t h e  A D C  range  =
±5VFSR, though f i n e r  detection, a t ,  say,  ±5 .2V  can  b e  obtained b y  replacing
R34 13.7  =  K o h m  b y  a  resistor o f  3 .24  K o h m  ( 1 %  - 5 0  p p m /  ° C - I / 4 W ,
from R T C  - ,  sovcor etc.)
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:
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 0 0 S10
0 0 0 S11

board  m a r k i n g
t , .

o o

o o

o o

S8 S 9

DIFFERENTIAL

1 2  3

O 0 - 0

O 0 - 0

S10
S11

O 0

Ii
S8 S 9
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3.2.6 -  Selection between "differential/single ended" :

Selectors S8, S9,  SIO, S l i  ( s e e  f igure  1 4 )

1 2  3  T h e s e  s e l e c t o r s  a c t  o n  t h e  a n a l o g  MUX a n d
the  MSB s i d e  o f  t h e  c h a n n e l  n u m b e r .

1
2
3

1

2

3

( D I )  =  D i f f e r e n t i a l  - - ,  1 6  a n a l o g  i n p u t s
(SE) =  S i n g l e  Ended  —▶  3 2  a n a l o g  i n p u t s

SINGLE ENDED

1 2  3

0 - 0  0

0 - - - 0  0

S10
S11

II
0 0

S8 S 9

1

2

3
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0 1
0 2
0 3

3.2.7 -  Selection o f  A D C  inpu t  range

Selector S l ,  S2

. . . . . 1 . .

S1

4 . . . " - " - - .I
(see f igure 1 5 )

board mark ing

o 1
o 2
o 3

S2

*  U n i p o l a r  i n p u t  ( U N I )  :  0 / 1 0 V  - F S R -

* B i p o l a r  i n p u t  ( B I P )  :  ±  5 V ,  t  1 0 V
-FSR-

(FSR :  F u l l  S c a l e  Range)

UN1POLAR

0 t o  1 0  v o l t s

BIPOLAR

± 5  v o l t s ± 1 0  v o l t s

i T i  0
2 L  2  1

3 o  3  o
S1 S 2

I
1
I
I
I
1
I
I
I
I
I
I
I
I
i
I
I
I
I
I
I
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FIGURE 1 5
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3.2.8 -  Selection o f  A D C  output code

Selector S3, see figure 15 .

0  0  0

1 2  3

S 3

board marking

C

3e •
•

C . . .
r

N

IC•7

•

4
11

C . .

1

I T

r

4

•

4-n

( . - 7 ]  I .  44 CS•
P 1

r

4

I C S '

Page 5 3

I C S a

r

I C S )

•  •

There a re  three  coding modes. The p o l a r i t y  ( + 1 - )
of t h e  voltage on the  analog input must be
checked before se lect ing  t h e  ADC output code.

Unipolar analog voltage - >  " s t r a i g h t  binary" coding
Bipolar analog voltage - >  " o f f s e t  b inary"  coding

"twos complement" coding
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It c a n  t h u s  b e  seen t h a t  S I  a n d  S 2  mus t  b e  correct ly s e t  (paragraph 3.2.7)
before selecting S3.

Straight b inary  =  SB  (CSB*)
Offset b inary  =  O B  (COB*)
Twos complement =  T C  (CTC*) MSB o f  A D C  =  s ign b i t

UNIPOLAR BIPOLAR

0 t o  10 v o l t s  F S R

SB

1 2  3
o--0 o  S 3

1 5  v o l t s  FSR

OB

1 2  3
o --o o  S 3

r s  1 0  v o l t s  F S R

TC

1 2  3
0 o ----o S 3

3.2.9 -  Selection o f  I N A  ga in

* INA c a n  take  ga in  values f r o m  I  t o  1000. T h e  required gain i s  obtained b y
wiring a  resistance (Rg)  onto  t he  board. ( A t  R14,  see F ig .  1 5  a ) .

. Gain  ( INA)  -
40 Kohms

Rg
+ 1 =  G R 1 4 r o T o l  (board marking)

40 Kohms
. RG ( i n  ohms)

G-1

NOTE :  4 0  Kohms =  2  x  2 0  Kohms w i th in  t h e  board.

* Example

G =  1  (TSVME 420-R board) ---).  R G  --.0. i n f i n i t y  =  n o  resistance w i red
G =  2  - - - ) .  R G  =  40,000 Kohms
G =  1000 - - >  R G  =  40,040 ohms

NOTE : In  o rde r  n o t  t o  degrade t h e  nominal  specifications o f  t h e  board ,  R G
should b e  a  h i g h  qua l i t y  meta l  l aye r  t ype  resistor :  -  1 / 4  W  -  0.01% -  5
ppm/degrees C .

Example :  VSRJ series (VISHAY),  o r  equivalent f r o m  SFERNICE.

I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
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3.2.10 -  Selection o f  conversion time (TCONV.)

Selectors S4, S5, S6,  S7  (see figure 1 5  a )

R 14
(R GAIN)

O F S  A M P  P 3 -
T H O M S O N  M I C R O S Y S T C M E S

O O O O O O O O O O O O O  •  •

P
In 4  W  r U

B X
V •  •

I N

r C /  I S

10 0 1
P

N

/ P G 0 1 2 0 0
1

R B I

P

•  I I I

N N  0 1 t A  i  t a l

TSVME 4 - 2 0 1

I

N
N

N N

•  C . c . s

j
2  N W

P 2  ^  O W

•

C .  l a

a 1
2
3

o  0  0  0

o  o  0  0

o  o  0  0

S4 S 5  S 6  S 7

In

4

I C •

C I I •  [ L I S

S4 S 5  S6 S 7

LY 'H

•I

•

C e •

C M

C I

caw • E b

0 . •

r-11
N

C • •

4
r
Nru

4

4
4

c c z ± i  c . .

4
r

Page 5 5

f • r 7 4  I V I S E  I C .  I C

I T

Q
I P S

r

4N

I C S ,

•  •

These s e l e c t o r s  d e f i n e  t h e  o v e r a l l  t i m e  r e q u i r e d
board f o r  c o n v e r s i o n  ( T C O N V. ) ,  w i t h  a l l o w a n c e  made f o r  I N A  s e t t l i n g  t i m e ,

marking d e p e n d a n t  o n  t h e  g a i n  s e t  b y  R g a i n  ( 1  <  G  <  1 0 0 0 ) .

Gain 1 1  <  G  <  1 0  1 1 0  <  G  <  1 0 0  1 1 0 0  <  G  <  10001
set I T c o n v .  =  1 6  y s  I T c o n v .  =  2 5 0  y s  I Tc o n v.  = 1  m s e c l

by R 1 4  I  m a x .  m a x .  m a x . I

S e l e c t i o n
of o v e r a l l
conversion
time

3

S4 S5 S 6  S 7
lo o  o

21 II
S4 S 5  S 6  5 7

12 I

0I
3 o  o  0

0
S4 S5  S 6  S 7

1 0 0 0

2

3 o

•



1

Pin I  S I G N A L  I  P i n  S I G N A L
number I  number

19 INPUT 3 1 37 INPUT 1 5
18 INPUT 3 0 36 INPUT 1 4
17 INPUT 2 9 35 INPUT 1 3
16 INPUT 2 8 34 INPUT 1 2
15 INPUT 2 7 33 INPUT 11
14 INPUT 2 6 32 INPUT 1 0
13 INPUT 2 5 31 INPUT 9
12 INPUT 2 4 30 INPUT 8
11 INPUT 1 6 29 INPUT 0
10 INPUT 1 7 28 INPUT 1

9 INPUT 1 8 27 INPUT 2
8 INPUT 2 3 26 INPUT 7
7 INPUT 2 2 25 INPUT 6
6 INPUT 2 1 24 INPUT 5
5 INPUT 2 0 23 INPUT 4
4 INPUT 1 9 22 INPUT 3
3 analog OVA 21 analog OVA
2 analog OVA 20 analog OVA
1 analog OVA

TSVME 420-R :  16/32 A D C  w i t h  isolated inputs

3.3 -  A N A L O G  CONNECTIONS

Analog connector P 3  i s  a  plastic, 3 7 -pin male, SUB- D  "CANNON" type.

a) Mode : Single Ended (SE) :  3 2  inputs w i t h  respect t o  ground (OVA) .
Inputs :  Channels 0  t o  31 ,  as  shown i n  table.

TABLE 7

Page 5 6 I
I
I
I
I
I
I
1
I
I
I
I
I
I
1
I
I
1
I
I
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The analog grounds ( O VA )  are  located together a t  the end o f  the connector to
facilitate the possible wiring o f  braiding.

Pin S I G N A L  I  P i n  S I G N A L
number 1  1  number

19 INPUT 1 5  ( + ) 37 INPUT 1 5  ( - )
18 INPUT 1 4  ( + ) 36 INPUT 1 4  ( - )
17 INPUT 1 3  ( + ) 35 INPUT 1 3  ( - )
16 INPUT 1 2  ( + ) 34 INPUT 1 2  C - )
15 INPUT 1 1  ( + ) 33 INPUT 1 1  ( - )
14 INPUT 1 0  ( + ) 32 INPUT 1 0  ( - )
13 INPUT 9  ( + ) 31 INPUT 9  ( - )
12 INPUT 8  ( + ) 30 INPUT 8  ( - )
11 INPUT 0  ( + ) 29 INPUT 0  ( - )
10 INPUT 1  ( + ) 28 INPUT 1  ( - )
9 INPUT 2  ( + ) 27 INPUT 2  ( - )
8 INPUT 7  ( + ) 26 INPUT 7  ( - )
7 INPUT 6  ( + ) 25 INPUT 6  ( - )
6 INPUT 5  ( + ) 24 INPUT 5  ( - )
5 INPUT 4  ( + ) 23 INPUT 4  ( - )
4 INPUT 3  ( + ) 22 INPUT 3  ( - )
3 analog OVA 21 analog OVA
2 analog OVA 20 analog OVA
1 analog OVA

IMPORTANT :  T h e  female analog input connector (user) must b e  a  plastic 37 -
pin S U B -D-37 connector t o  preserve insulation between inputs a n d  t h e  V M E
chassis. Equivalent lockable connectors i n  plastic a r e  available f r o m  C A N N O N
and T B  &  ANSLEY.

b) "Differential" mode ( D I )  :  1 6  symmetrical inputs +  ground (OVA) .
Inputs :  Channels 0  t o  15 ,  as shown i n  table.

TABLE 8

S U = 3 = 3 V = Z

The comments concerning the  position o f  the  O V A  and  the  use o f  a  female
connector i n  plastic also apply t o  D I  mode. Also, i n  D I  mode, the  ( + )  and
(-) inputs f o r  each channel are  set  out  o n  adjacent pins o n  connector P 3  t o
facilitate the wiring o f  screened pairs o f  cables.

NOTE :

INPUT N  ( + )  represents the I N A  non-inverting input
INPUT N  ( - )  represents the I N A  inverting input

5 V

10V
5 V I  OVA

N (-)

N (+)
G = 1

10 V
INA • 1.

0 VA

r  S i g n
convention
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NOTE :

In b o t h  cases ( S E  a n d  D I ) ,  unused multiplexed inputs should b e  grounded
(OVA).

3.4 -  POSSIBLE ADJUSTMENT

* Although a l l  potentiometers a r e  factory set ,  various reasons m a y  exist  f o r
having t o  recalibrate t h e  board (ageing, thermocouple effects o n  input  wiring,
adjustments f o r  sensor d r i f t  etc.). On ly  the  A D C  potentiometers (gain :  R103,
and offset :  R102, R104) need be  altered i f  the A D C  range used i s  ± 5 V F S R
or 0 /10V  FSR. T h e  board is  factory calibrated f o r  ± 1 0 V  FSR ( A D C  range).

* Test procedures have been designed so as  t o  l imit  the use o f  instruments o n
the board i tse l f  ;  a l l  measurements a r e  read,  digitally a f te r  A / D  conversion
from the V M E .  (on terminal).

* The "warm-up" t ime ( >  15mn) must b e  observed i n  a l l  cases. Environmental
conditions must b e  calm (draughts reduced t o  a  minimum), and the temperature
maintained constant.

* The measuring equipment should include a  standard voltage source, accurate t o
within ±  0 . 0 1  %  total ( fu l l  scale error ±  n  digits)
(a less accurate power  supply m a y  b e  used i f  th is  i s  monitored using a
voltmeter w i t h  ± 0 . 0 1 %  total  error. T h e  l o w  frequency noise o f  th is  power
supply must also b e  o f  this order o f  magnitude).

* Wiring f o r  this k ind o f  operation should b e  made with the  utmost care, and
sources o f  noise kept as f a r  away as possible.

Note : Certain STANDARD voltage supplies g ive  their  lowest noise performance
with the common ( - )  terminal grounded.

3.4.1 -  Procedures f o r  the various types o f  calibration

A -  Possible Procedure f o r  I N A  offset (R101-FRONT PA N E L - )

For details o f  this adjustment, see chapter 3.4.2.

a) Adjustment a t  "board" level

- "Test" mode :

* Switch t o  "test" mode

* Adjust R101 (offset) t o  give the correct digital value =  800  (H ) .

(Mean value centered around 800 ( H ) ,  i f  G  =  1,000).

I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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NOTE : Valid even i f  analog inputs are  present, va l id  f o r  a n y  channel and  f o r
INA gains greater than about 20.
For gains o f  less t h a n  2 0 ,  t h e  I N A  o f f s e t  i s  l o w  compared w i t h  t h e  A D C
resolution o f  t h e  TSVME420-R.  T h i s  g i v e s  G  =  1 ,  a n d  adjustment  i s
unnecessary.

- "Normal" mode

This more conventional method cou ld  b e  sa id  t o  have t h e  advantage o f  being
slightly more accurate than  "test" mode f o r  h igh  gains ( >  100)  i f  t h e  board i s
subject t o  a i r  currents.

* Remove t h e  connector bringing i n  t he  analog inputs (female)
* Insert a  "dummy" female connector ( on  P3).  Th i s  has t he  e f fec t  o f  grounding
all analog inputs o n  t h e  connector t o  O VA  - >  I N A  inputs grounded.
* Program channel number "0"
* Adjust R101 (offset)  t o  g ive  t he  correct value i n  digi ta l  =  800 ( H )
(Mean value centered around 800 (H ) ,  i f  G  =  1,000)

NOTE :  Bo th  these modes are  va l id  i n  bo th  SE  and  D I  mode.

In b o t h  configurations, S / H  a n d  A D C  offsets a r e  negligible, f o r  whatever t h e
ADC range selected.

For gains o f  less t h a n  2 0 ,  t h e  I N A  o f f s e t  i s  l o w  compared w i t h  t h e  A D C
resolution.
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b) Adjustment a t  "sensor-link" level

This may  b e  o f  use i n  "Single-ended" mode and f o r  high gains (>100).
Possible thermocouple a n d  "fragmented" o r  long l i n k  effects c a n  b e  cancelled
out, a n d  compensation made f o r  residual sensor offsets. I f  the  differences are
too great, correction w i l l  b e  made f o r  each channel b y  SOFTWARE, a s  only
one I N A  o f f s e t  potentiometer i s  available a f t e r  multiplexing. Otherwise, t h e
procedure below should b e  followed.

- Leave the  sensor/board links i n  place.

- Program the  channel which i s  most representative o f  the  type o f  correction
to b e  carried out.

- Ad just R101 (offset) t o  give the correct value i n  digital =  800 ( H )
(Mean value centered around 800 ( H ) ,  i f  G  =  1  000).

NOTE :  Both these modes are valid i n  both SE and D I  mode.

In this configuration the S / H  and A D C  offsets are
negligible, f o r  whatever the A D C  range selected.

This adjustment i s  o f  little effect f o r  I N A  gains o f  less than 20.

B-1 Procedure f o r  offset -  A D C  :  ( G  <  20 )

- Remove the connector bringing i n  the analog inputs (P3)

- Select the  required A D C  range (using S1 and S2)

- Program channel "0".

- Apply VOS1 (unipolar mode), o r  VOS2-3 (bipolar mode, t h e  different V G s
depend o n  the range). (See values i n  table 12).

- Ad just R102  o r  R104 ( i n  accordance w i t h  the A D C  input range selected) t o
give the  correct value i n  digital.

NOTE :  Va l id  f o r  both S E  and D I  modes

In this configuration, t h e  I N A  offset i s  negligible compared w i t h  that  o f  the
S/H and A D C .

NOTE : This procedure - B 1 -  should b e  performed before adjusting t h e  A D C
gain (procedure - C l - ) .

I
I
I
I
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C- I  Procedure f o r  - A D C  gain ( G  <  20)

Remove the connector bringing i n  the analog inputs

- Select the desired A D C  range (using S i  and S2)

Program channel "0".

- Apply V G I - 2  o n  th is  input .  (different V G s  depending o n  range). ( S e e
values i n  table 12).

- Adjust R103 t o  give the correct value i n  digital.

NOTE :  Val id  f o r  both SE and D I  modes

One potentiometer f o r  both unipolar and bipolar modes

In th is  configuration, non-linearities o n  S / H  a n d  P G A  gains a r e  negligible.
S/H, I N A  and A D C  errors are cancelled out  (the first t w o  being o f  the same
order o f  magnitude). Adjustment, then, concerns the  3  elements which are  i n
common over the  whole chain ( INA ,  S / H ,  ADC) ,  and wi l l  remain valid f o r  a l l
other input configurations.

NOTE :  This procedure should b e  carried out  after procedure -  B -1 .

D-1 Complete A D C  calibration ( G  <  20)

This would  b e  t h e  procedure t o  fo l low i f  t h e  A D C  range w e r e  t o  b e
modified. I t  involves calibration o f  A D C  offset and gain.

Procedure :
B1 -  (unipolar) +  C l  ;  i n  this order f o r  0 /10  VFSR
B1 -  (bipolar) +  C1 ;  i n  this order f o r  + / - 5 V  o r  + / - 10V  FSR
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E-1 Overall board calibration -  I N A  +  A D C  -  ( G  <  20 )

This w o u l d  b e  t h e  procedure t o  f o l l o w  i n  t h e  m o r e  unl ikely e v e n t  o f
maintenance being necessary.

If  t h e  highest possible degree o f  accuracy i s  t o  b e  obtained, t h e  procedures
must b e  followed i n  t h e  precise order given. (This i s  i n  order t o  avoid t h e
effects o f  interactions between gain and offsets, and  interference o f  t h e  I N A
on the  ADC) .  This procedure is  the  only one able t o  give accurate calibration
over t h e  w h o l e  cha in  wi thout  t h e  n e e d  f o r  v e r y  sophisticated equipment
requiring long installation times.

PROCEDURES ( in  this order) :  T A B L E  9

UNIPOLAR MODE ( 0 / 1 0 V  FSR) BIPOLAR MODE ( + / - 5 V  FSR o r
+ / - 1 0 V  FSR)

. 8 - 1  U n i p o l a r

. C - 1

. A  -  Mode a  o r  mode b

END OF CALIBRATION

. B - 1  B i p o l a r

. C - 1

. A  -  Mode a  o r  mode b

END OF CALIBRATION
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B-2 Procedure f o r  A D C  offset  _(G >  20 )

The fo l lowing procedure i s  t o  b e  fo l lowed i f  reciprocal interference between
INA a n d  A D C  offsets i s  t o  b e  avoided :
- Remove jumper  S2 ( A D C  input )
- Select t he  desired A D C  range (using S I )
- A p p l y  Vo s  (1 -2 )  o n  p i n  3  o f  S2 i f  FSR =  0 /10V  o r  ± 5 V.

Apply Vos3 o n  p i n  1  o f  S2 i f  FSR =  ±10V.
(See values i n  table 12 )

- A d j u s t  R102 (unipolar) o r  R104 (bipolar) t o  g ive  correct value i n  digital.

NOTE :

1 * I N A  "outside measuring circui t"
* Perform procedure B 2  before C 2
* F o r  application o f  analog voltages o n  S 2 ,  a  t h i n  "daisy-chain" t y p e  w i r e
such as  tha t  used o n  "Berg" jumpers, o r  a  small "w i re -grip" should b e  used.

C-2 Procedure f o r  A D C  gain ( G  >  20 )

- Select the  desired A D C  range (using S i )
- Remove jumper  S2
- A p p l y  V G  (1 -2 )  o n  p i n  3  o f  S2 i f  FSR =  0 /10V o r  ±5V.

Apply V G 3  o n  p i n  1  o f  S2 i f  FSR =  ±10V.
(See values i n  table 12 )

- A d j u s t  R103 t o  g ive  t h e  correct value i n  digital.

NOTE :  Th i s  procedure should b e  carried o u t  a f te r  B.2.

D-2 Complete calibration o f  A D C  ( G  >  20 )

- This involves adjustment o f  A D C  ga in  a n d  offset ,  a n d  i s  t h e  procedure t o
be used i f ,  f o r  example, t h e  A D C  range i s  modif ied.
. Procedure :  B 2  +  C 2  ( i n  th is  order)

E-2 Overall  board calibration I N A  +  A D C  -  ( G >  20 )

- Follow t h e  procedures i n  t h e  g i ven  o rde r  f o r  accurate calibration, v a l i d  i n
both unipolar and  bipolar modes.

Perform :  B 2  +  C 2  +  A  ( a  o r  b )  -  E n d  o f  calibration.

REMINDERS :

For I N A  adjustments (especially a t  h i g h  gains), t h e  board  should b e  plugged
into t h e  rack .  A s  t h e  potentiometer (R101) i s  accessible f r o n t  t h e  f r o n t  panel
this does n o t  present a n y  problems. Measuring I N A  ou tpu t  offsets d i rect ly  w i t h
a h i g h  precision vol tmeter w o u l d  necessarily requi re  t h e  use  o f  a n  extension
board, t hus  producing changes i n  t h e  environmental conditions (temperature, a i r
etc.). T h i s  c o u l d  l e a d  t o  f a l se  measurements b e i n g  g i ven ,  especially o n  t h e
input ampl i f ier.



TSVME 420-R  :  16/32 A D C  with isolated inputs P a g e  6 4

As the front  panel i s  grounded t o  the chassis (GROUND) o r  the logic O V  (as
is the  digital section), t h e  use o f  a n  insulated screwdriver ("television" type, 0
< 3  m m  insulated, F A C O M  t y p e )  i s  recommended w h e n  adjust ing
potentiometers. Th is  should avoid a n y  shifting i n  offset values a t  h igh  gains.
This precaution becomes a  necessity when the voltage between the  t w o  grounds
(OVA a n d  O V L )  exceeds 1 0 0  vo l ts  w i t h  l o w  "internal resistance". ( v e r y
unlikely).

3.4.2 -  Details o f  ad iustments

* Tables 1 0  a n d  1 1  g i v e  t h e  theoretical values o f  A D C  output codes f o r
different input voltages.

FS =  Ful l  scale
OB =  Offset binary

- T C  =  Twos complement (OB with inverted MSB - >  0  volts =  000 ( h )
SB =  Straight binary

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



INN I S  = I  I N N  I I I I I I I  = I  O M  M O  M I  I N S  M I  I M O  M I S  M i l  I N N  I S  I N N  M I  I N N  M I

SCALE LSB voltage level FSR =+ 10 V ADC code =  SB HEX value

+ FS • 1 LSB 10 V + 9,9976 V 1111 1111 1111 FFF2n

+1/2 FS
n .  12

+ 5,0000 V 1000 0000 0000 800

+ 1 LSB + 2,44 mV 0000 0000 0001 001

LSB = 2,44 mV

0 0 V 0000 0000 0000 000

SCALE FSR = ± 5 V F S R . ± 1 0  V ADC code = OB HEX ADC code = TC HEX

+ FS - 1 LSB + 4.9976 V + 9,9951 V 1111 1111 1111 FFF 0111 1111 1111 7FF

+ 3/4 FS + 2,5000 V + 5,0000 V 1100 0000 0000 COO 0100 0000 0000 400

+ 1/2 FS + 1 LSB + 2,44 mV + 4,88 mV 1000 0000 0001 801 0000 0000 0001 001

+ 1/2 FS 0 V 0 V 1000 0000 0000 800 0000 0000 0000 000

+ 1/2 FS - 1 LSB - 2,44 mV - 4,88 mV 0111 1111 1111 7FF 1111 1111 1111 FFF

- 1/4 FS • 2,5000 V - 5,0000 V 0100 0000 0000 400 1100 0000 0000 COO

- FS - 5,0000 V - 10,0000 V 0000 0000 0000 000 1000 0000 0000 800

tab. 10) Theoretical values of ADC output codes • Unipolar mode

(tab. 11) Theoretical values of ADC output codes - Bipolar mode

Note :
1 LSB = 2.44 mV 1  LSB .  4,88 mV

(10 + 4096) ( 2 0  + 4096)

If INA gain = 1 ==> I LSB taken to board input = 2,44 mV
If INA = 1000 ==> I LSB taken to board input = 2,44 µV theoretical
With FSR = 10 V (ADC)

Crl
r
trf

00co
0
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* Tables 1 2  a n d  1 3  g i v e  t h e  exac t  values t o  b e  appl ied t o  t h e  A D C  i n p u t
(and, therefore, t h e  I N A ,  w i t h  G  =  1 )  f o r  t he  bes t  possible calibration o f  t he
ADC :

I f  t h e  theoretical voltages (tables 1 0  a n d  11 )  a r e  va l id ,  i t  should nevertheless
be borne i n  m i n d  t h a t  a n  ideal  A D C  i s  on l y  capable o f  quantifying t he  exact
analog value t o  wi th in  + / -  1 / 2  LSB.  Uncertainty i s  reduced t o  a  min imum b y
taking u p  a  position i n  the  "middle" o f  t h e  transition i n  order  t o  b e  as  close
as possible t o  t h i s  theoretical value (see f i gu re  1 6 ) .  Otherwise, e r ro rs  o f  + / -
1/2 L S B  m a y  b e  added.

FIGURE 1 6  -  A D C  transitions. SB o r  O B  codes

* Calibration :  see tables 1 2  and  1 3  and  f igure  1 7 .

FFFH - -
FFEH

802H - -

1 8 0 1 H - -
800H
7FFH
7FE H
0 0 2 H

001H
0 0 0 H

FULL-SCALE
CALIBRATION C 7
ERROR t - 1  I

THE1 , ; 1 7• t
i

UNE

I I

OFFSET I  I
- . -  ERROR I  I

SHIFTS I  I
7 "  THE UNE I  I  I

• i  I  I
I I  I

•  1•.) (BIOFFSET 411POLAR 11 '411- ( Mil:SCALE s I
• TRANSIT ION)  1

BIPOLARZERO) i  I
_ s s

I I  I  I
.'

1/2 LSB -111j 411-ZERO - . 8 4 4 1 .  3 / 2  LSB 1411115+ FULL
ZERO ( -  FULL - SCALE .112 LSB •  FULL - SCALE S C A L E
(- FULL C A U B R A T I O N  C A L I B R A T I O N
SCALE) T R A N S I T I O N )  T R A N S I T I O N

ANALOG INPUT

* In tab les  1 2  a n d  1 3 ,  o n l y  t h e  values V O S n  a n d  V G n  a r e  requi red f o r
calibration o f  t he  A D C .

. U n i p o l a r  mode - >  FSR =  + 1 0 V  - >  VOS1 =  + 1 . 2 2  mV ( o f f s e t - R 1 0 2 )
VG1 =  + 9 . 9 9 6 3  V  ( g a i n - R 1 0 3 )

B i p o l a r  mode - >  FSR =  + / - 5 V  - >  VOS2 =  - 4 . 9 9 8 8  V  ( o f f s e t - R 1 0 4 )
VG2 =  + 4 . 9 9 6 3  V  ( g a i n - R 1 0 3 )

FSR = + / - 1 0 V  - >  VOS3 =  - 9 . 9 9 7 6  V  ( o f f s e t - R 1 0 4 )
VG3 =  + 9 . 9 9 2 7  V  ( g a i n - R 1 0 3 )



INS M O  N M I  O M  N I B  O M  S I M  M I S  M I N  M I N I  I S  N M I  N M I  M I  M I N  N I B  M I  M I N I  N i l  I M O

SCALE FSR =+10 V STRAIGHT BINARY (transitions) HEX

1111 1111 1111 FFF
FS - 3/2 LSB + 9,9963 V = Vq1 1111 1111 1110 FFE

1000 0000 0001 801
1/2 FS + 1/2 LSB + 5,0012 V 1000 0000 0000 800

1000 0000 0000 800
1/2 FS - 1/2 LSB + 4,9988 V 0111 1111 1111 7FF

0000 0000 0001 001
+ 1/2 LSB + 1,22 mV = Vos1 0000 0000 0000 000

SCALE FSR = ± 5 V FSR .  ± 10 V OFFSET BINARY (transitions) HEXA TWO'S COMPLEMENT (transitions) HEX

1111 1111 1111 FFF 0111 1111 1111 7FF
FS - 3/2 LSB + 4,9963 V =1.92 + 9,9927 V = Vg3 1111 1111 1110 FFE 0111 1111 1110 7FE

1000 0000 0001 801 0000 0000 0001 001
+ 1/2 FS + 1/2 LSB + 1,22 m V + 2,44 mV 1000 0000 0000 800 0000 0000 0000 000

1000 0000 0000 800 0000 0000 0000 000
+ 1/2 FS - 1/2 LSB - 1,22 m V - 2,44 mV 0111 1111 1111 7FF 1111 1111 1111 FFF

0000 0000 0001 001 1000 0000 0001 801
- FS + 1/2 LSB - 4,9988 = Vos2 - 9,9976 V = Vos3 0000 0000 0000 000 1000 0000 0000 800

(tab. 12) Calibration voltages - ADC • Unipolar mode

(tab. 13) Calibration vo taigas. ADC - Bipolar mode

' For the voltages given,
the output code should
'oscillate' between the two
digital values shown

O. *
g l

0

apoo lndino ato

v,
00C

"oscillate"

A NOLLVIIELVIVD

r

rrl

a

ADC

ro
0 0co
0'
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FIGURE 1 7  -

R104 - OFFSET ADC - (BIP)

R103 - GAIN ADC - (UNI+BIP)

R 101 - OFFSET INA R 1 0 2  - OFFSET ADC - (UNI)
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•  •

The boa rd  i s  s e t  f o r  ±  1 0 V  F S R  a t  t h e  A D C ,  a n d  R104  a n d  R 1 0 3  a r e
therefore preset. Furthermore, as  t h e  A D C  uses 2  o ffset  potentiometers, R102 i s
also already preset.

± 1 0 V  - >  standard delivered (R103 and  R104 set)
± 5 V  - >  adjust  R103 and  R104 ( i f  so  required)
0/10V - >  adjust  R102 on l y  ( i f  so  required)

* I N A  o f f se t  (R101) preset.
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3.5 -  START-UP

Before plugging t h e  boa rd  i n t o  a  " V M E "  r a c k ,  b e  s u r e  t h a t  n o  p o w e r  i s
applied t o  i t .

1) "HARDWARE" configuration ( G  =  1 ;  TSVME420-R)

Selector jumpers are  set  t o  g ive  t he  fol lowing :

- Different ial  mode

- A D C  code =  offset  b inary

- A D C  range =  ±  1 0 V,  (bipolar)

- Base address =  t o  b e  set  b y  the  customer

- Address modi f ier  =  t o  b e  set  b y  the  customer

IT l i ne  number =  t o  b e  set  b y  the  customer

* These configurations m a y  b e  modif ied i f  so  required. See chapter 2.3.

2) "SOFTWARE" configuration

(See f igure  18 ) .  T h e  control  register i s  reset o n  power u p  and  t he  board takes
on t h e  fol lowing configuration :

- Channel number =  "channel 0 "

- Busy  =  0  (board f ree)

- Te s t  =  0  (normal operation)

- A b o r t  =  0  ("Reset" conversion disabled)

- I T E N  =  0  (Poll ing Mode)

- IRQP =  0  ( n o  I T  request pending)
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/ / /
/ / /

IT
EN

/ / /
/ / /

abo
r t

te
st

sta
rt

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

V4 V3 V2 V1 VO

IR
OP

IT
EN

/ / /
/ / /

abo
rt

te
st

bu
sy

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

/ / /
/ / /

V4 V3 V2 V1 VO

N7 N6 N5 N4 N3 N2 N1 NO

N7 N6 N5 N4 N3 N2 N1 NO

FIGURE 1 8  -  CONTENTS O F  REGISTERS

D15 D 1 4  D13 D12 D11 D10 D9 D 8  D 7  D 6  D 5  D 4  D 3  D 2  D 1  D O

8 b i t s

(MSBs)

channel number

8 b i t s

(LSBs)

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

BU
SY

0
0

D11 D10 D9 D8 07 D6 D5 D 4 D3 D2 D1 DO

—v
f ixed

/ / /  :  IRRELEVANT

Result o f  conversion :  ADC 12 b i t s

WR* C o n t r o l .

RD S t a t u s  j

WR* vector
number

RD

Page 7 0

Address =  0 (h )
"word"

Address=3(h)
"byte"
or 2 ( h )
"word"

WR* D a t a  A d d r e s s = 4 ( h )
"word"

RD

The b o a r d  s h o u l d  b e  configured i n  accordance w i t h  o n e ' s  part icular
requirements, a n d  t h e  necessary conversions carried o u t  (see chapters 2 . 5  a n d
3.6).

1

1

1
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Moto ro la  M68000 ASM V e r s i o n 1.90 SYS :  5 . 1 S 4 2 0  . D O C R  . S A  1 0 / 1 6 / 8 6  1 3 : 1 4 : 5 8
1

1 * * * * * * * * * * * * * * * *

2 * TSVME 4 2 0 - R -  *
3 * * * * * * * * * * * * * * * * *
4 *

*
6 MAPPING:
7 * I f  b o a r d  b a s i s  a d d r e s s  i s  0 0 0 0 ( h )  ; the a d d r e s s  o f  t h e  i n t e r n a l  r e g i s t e r s

9
** a r e  :

10 * Command/Status $ F F 0 0 0 0  I
11 * Vec to r  $ F F 0 0 0 3 S h o r t  i / o .
12 Data $ F F 0 0 0 4  I
13 *
14 *
15 *
16 * A c q u i s i t i o n s  o n  c h a n n e l  0 , c o n t i n u o u s  s c a n n i n g  .
17
18 *  P o l l i n g mode

19
20

**
21 *
22 0 00000000 33FC00000FF ENTRY MOVE.W # 1 4 1 0 0 , $ F F 0 0 0 0 PARAMETERS SETTING AND CONVERSION

0000
23 0 00000008 0839000200FF TEST STST.13 # 2 , $ F F 0 0 0 0 BIT BUSY TEST (STATUS,  M S B y t e )

0000
24 0 00000010 66F6 BNE.S T E S T
25 0 00000012 343900FF0004 MOVE.W $ F F 0 0 0 4 , 0 2 READING DATA ADC BY CPU BOARD
26 0 00000018 60E6 BRA.S E N T R Y RETURN FOR NEW CONVERSION

aldIAIVX3



Moto ro la  M68000 ASM V e r s i o n  1 . 9 0  SYS :  5 . T S 4 2 0  . D O C R
2

28
29
30
31
32
33
34
35
36
37 0

*

•

*
00000014 33FC051FOOFF ENTRYO

0000
38 0  00000022 0839000200FF TESTO

0000
39 0  0000002A 6 6 F 6
40 0  0000002C 343900FF0004
41 0  00000032 2A7COOF41800
42 0  00000038 2 C 0
43 0  0000003A 2 0 0 2
44 0  0000003C 4E8900F00040
45 0  00000042 4E4F
46 0  00000044 0 0 0 2
47 0  00000046 6 0 0 2
48
49
SO
St
52
53
54 •
55 0  00000048 33FC0C0000FF ENTRYI

0000
S6 0  00000050 0839000200FF TESTI

0000
57 0  00000058 6 6 F 6
58 0  0000005A 303900FF0004
59 0  00000060 2C/000F41800
60 0  00000066 2A4E
61 0  00000068 4E8900F00040
62 0  0000006E 4E4F
63 n  00000070 0 0 0 2
64 0  00000072 6004
65
66.
67
65
69

*

•

.SA 1 0 / 1 6 / 8 6  1 3 : 1 4 : 5 8

A c q u i s i t i o n s  o n  c h a n n e l  3 1 ,  c o n t i n u o u s  s c a n n i n g  ,  p o l l i n g .
 R e a d i n g  o n  t e r m i n a l

MOVE.W

BTST

BNE.S
MOVE.W
MOVE.L
MOVE.L
MOVE.L
JSR
TRAP
DC.W
BRA.S

*$051F,$FF0000

82,SFF0000

TESTO
SFF0004,02
*$F41800,A5
A5,A6
D2,D0
SF00040
*15
2
ENTRYO

PARAMETERS SETTING AND CONVERSION

BIT BUSY TEST ( 0 1 0 )

READING DATA ADC BY CPU BOARD

VBUG SUBROUTINE CALL

FOR PRINTING ON A TERMINAL

"TEST" mode, c o n t i n u o u s  scann ing  f o r  o f f s e t  a d j u s t , p o l l i n g .
 R e a d i n g  o n  t e r m i n a l

MOVE.W

BTST

BNE.S
MOVE.W
MOVE.L
MOVE.L
JSR
TRAP
DC.W
BRAS

1160000,$FF0000

02,1FF0000

TEST1
SFF0004,00
*$F41800,A6
A6,AS
SF00040
*15

ENTRYI

•
*Note: I n  "TEST" mode, i n p u t s  a r e  " o f f "
* ** * * *  a n  e a s y  o f f s e t  ad jus tment  o f  t h e

"TEST" MODE, CONVERSION BEGUN.

a u t o m a t i c a l l y  t o  p r o c u r e
INA.

IN)
O

:  16/32

ro
oo

-4

111111 111111 N I S  M B  M I  U S  a l l  I n  e l l  M I N I  M O  I S  M I N I  S I M I  M I N I  M I  V I I I  11101 I M O  a m



11111 1111  I M P  M N  S I N  11111 11111 M I 5  N I I I I  1111  1 1 1 1 1  N S  M N  a l l  11111 N M I  O S  U N

M o t o r o l a  M 6 8 0 0 0
3

73
74
75
76
77

ASM V e r s i o n 1 . 9 0  S Y S  :  5 . T S 4 2 0  . D O C R  . S A  1 0 / 1 6 / 8 6  1 3 : 1 4 : 5 8

-  T E S T  PROGRAM F O R  INTERRUPTIONS  -

78 •
79 T h i s  p r o g r a m  m a k e s  1 7 0  c o n t i n u o u s  c o n v e r s i o n s ,  w i t h  a n  i n t e r r u p t i o n
80 a t t h e  e n d  o f each a c q u i s i t i o n  c y c l e  ;  t h e  C P U  b o a r d  r e a d s  e a c h  t i m e  t h e
81 d a t a  f r o m  t h e A D C . A f t e r  t h e  l a s t  i n t e r r u p t i o n  ( 1 7 0 )  t h e  p r o g r a m  r e t u r n
82 *  t o VBUG.
83 * Mode o f t h e  b o a r d  i s :  I T E N a b l e ,  c h a n n e l  0  .
84
85 *
86 ==Ma in  p r o g r a m = =
87
88
89 0 0 0 0 0 0 0 7 4 4 9 F 9 0 0 E 4 1 2 5 0 ENTRY3 LEA.L $ F 4 1 2 5 0 , A 4
90 0 0000007A 2 8 8 C 0 0 0 0 0 0 0 0 MOVE.L 110, (A4) I I N I T  O F  T H E  VECTOR TA B L E
91 0 0 0 0 0 0 0 8 0 2 3 F C 0 0 0 0 0 0 A 6 MOVE.L I I E N T RY 4 , $ F 4 0 1 0 0 1

0 0 E 4 0 1 0 0
92 0 0000008A 46FC2000 MOVE.W * 1 2 0 0 0 ,  SR
43 0 0000008E 1 3 F C 0 0 4 0 0 0 F F MOVE.8 11$40 ,$FF0003 WRITING VECTOR 4 0

0003
94 0 00000096 3 3 F C 4 4 0 0 0 0 F F MOVE.W $ 5 4 4 0 0 , S F F 0 0 0 0 PARAMETERS S E T T I N G  A N D  CONVERSION

0 0 0 0
95 0 0000009E 0C1400AA COMPARI CMP.B 11$AA,(A4) CHEChING FOR 1 7 0  I T s  R E C E I V E D
96 0 000000A2 6722 B E G S ENTRYS RETURN T O  VBUG
97 0 000000A4 60F8 B R A S COMPAR1
98
99
00 = = i n t e r r u p t i o n s u b r o u t i n e = =
01 *
02
03 0 000000A6 4 6 F C 2 7 0 0 ENTRY4 MOVE.W 0 $ 2 7 0 0 , S R
04 0 000000AA 3 4 3 9 0 0 F F 0 0 0 4 MOVE.W , F F 0 0 0 4 , 0 2 READING A D C  D ATA
OS 0 000000E0 5214 ADD.B MI ,  A 4 ) INCREASING I F  NUMBER.
06 0 0 0 0 1 0 0 8 2 0C1400AA CMP.13 11$AA , (44 ) CHECKING FOR I T  1 7 0
07 0 00000066 6 7 0 8 ' BEG.S DEMASK1
08 0 0 0 0 0 0 0 8 8 3 3 F C 4 4 0 0 0 0 F F MOVE.W # $ 4 4 0 0 , S F F 0 0 0 0 WRITING PARAMETERS,  N E W  CONVERSION

. 0 0 0 0
09 0 0 0 0 0 0 0 0 0 4 6 F C 2 0 0 0 DEMASK1 MOVE.W 1S2000 ,SR
10 0 000000C4 4E73 RTE RETURN T O  M A I N  PROGRAM
11 4

12
13 = = R e t u r n  t o Vbug==
14
15 *
16 0 00000006 4E4F ENTRYS TRAP $15
17 0 0 0 0 0 0 0 0 8 0 0 0 0 DC.W 0 0 0 0
18 END

TOTAL ERRORS
TOTAL WARNINGS

O

:  16/32
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IV -  OPTIONS (see figure 2 4 )

4.1 -  H I G H  IMPEDANCE W I T H  "POWER-OFF" (PRELIMINARY)

• OPTION Z  :

In early analog multiplexing systems, i t  was n o t  possible t o  avoid "latch up"
phenomena without external protection f o r  t h e  multiplexer. T h i s  problem i s
nowadays avoided b y  means o f  internal  protections, w i t h  limitations o n
maximum voltages f o r  specific inputs. When t h e  power supply i s  absent f rom
the board, a n d  t h e  analog input voltage present (sensors etc.), such protection
remains active, and  the  board i s  protected, B U T,  the  input impedance i s  l o w
(about 1  Kohm,  o r  even less, c f  :  standard 420 version).
In systems w i t h  "redundancy" (high-reliability surveillance), t w o  boards can  b e
used with separate power supplies, with the  "parallel" inputs o f  the t w o  boards
amplifying t h e  same group o f  sensors. I f  one  o f  t h e  power supplies fa i ls ,
measurement i s  allowed t o  continue with option- Z  (no "loss" o f  sensor voltage).

NOTE :  When t h e  board i s  powered (Power O N ) ,  possible overloads o n  t h e
analog inputs wi l l  increase the input current, as i n  the standard version.
For excessive overloads (e .g .  ± 2 0 V  a s  opposed t o  ± 1 0 m V,  G=1000),  t h e
recovery t ime may reach 1  m n .

Option- Z  :  Typical  values, t  =  2 5  degrees C . ,  V i  =  ± 1 0 V,  unless otherwise
indicated.
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• POWER "()N":

Channel ON I  I n p u t  current  :  120  nA W O O  nA, max)
I I n p u t  capacitance =  55 p f .
1 I n p u t  current  ( 5 5  degrees C . )  =  1300 nA (max)

Channel OFFj I n p u t  current  :  120  nA (130  nA, max)
Input capacitance =  35 p f .

1 I n p u t  current  ( 5 5  degrees C . )  =  1230 n  (max)

POWER "OFF':

Vi (max) =  ±  2 0  V

Page 7 5

Input speci f icat ions w i th
OPTION-Z

. Input current =  ±  5 0  n A .  (non overloaded input i n  normal operation)

.Input current =  ±  4 0  u A .  (overloaded i n p u t  i n  normal operation :  ± 2 0 V
instead o f  ±10mV, G  =  1000).

In option-Z,  protections are  added onto the  "optional area" :  3 2  X  [ 2  x  D 2 ]
wired ;  (see figure 19) .

FIGURE 1 9  -  OPTION Z

OPTION-2  :  Shaded area

Note :  Va l i d  f o r  "SE" and "D I"  inputs .

r
L

OFS A M P

3 7
1 9

2 0
1

P3
THOMSON M  I CROSYSTEMES

W 16 W  v  1U 1 .  l b  PL N  1 .  I L  1 .  R I  10 111 . . . . . .  R I  m  V  N  M  1U
W W W W W W W W W W W W W W  i  m  v  m  w

m
W

T i r - - N ! 2 !  1 2 3
T S V M E  + 2 0

I C I
—  S E

C a

0  L:2L  i  k — . .  L J  t /  1 1  t - - .  3

1.., f l l  N J  M  V I  f  w  t

8 1 0 3  r  7

R I O *  i r -
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4.2 -  0 / 2 0  m A  INPUTS

CONFIGURATION -  I  :  (Customer configuration)

The boa rd  m a y  t a k e  "cur ren t  l o o p "  t y p e  ana log  outputs,  g i v i n g  s imp le  a n d
effective protection against drops i n  " l ine" voltage a n d  good immuni ty  t o  noise.
0/20 m A  sensors a re  direct ly  interfaced t o  g ive  0 /+10V FSR (w i t h  I N A  ga in  =
a) b y  w i r i n g  on to  t h e  board 250  o h m  /  0.01% /  5  p p m  resistors (see f i gu re
20). 4 / 2 0  m A  sensors w i l l  g i v e  2 V / 1 0 V  F S R ,  a n d  t h e  o f f se t  m a y  therefore
have t o  b e  SOFTWARE compensated.

IMPORTANT :  ( see  f i g u r e  2 4 ) .  I n  S E  mode ,  t h e  3 2  x  ( R i  =  2 5 0  ohms)
resistors a re  w i r e d  w i t h  respect t o  ground ( 0 V 2 ) .  I n  D I  mode,  t h e  1 6  x  ( R i
= 250 ohms) resistors a re  w i red  "floating".

We also have :  I N A  G a i n  =  2 ,  therefore R G  =  R 1 4  =  4 0  Kohms -0.01%.

- 5  ppm/degrees C  resistors (VSRj  series f r o m  V I S H AY f o r  example)

FIGURE 2 0  -  CONFIGURATION I  :

3 7
1 9

DI

i P .  . . . .  I . '  I . '  t .s .  P .
Ul +  l i l  I I I  I . " .  1 9

P 3  1 c
T H O M S O N  M  I  C R O S Y S T E M E S  s E

W r  I V  4 .  N  r  N  r  I V  r  111 W W W W W W W W W  N  V  N  N N N N N N N
1119:..4:.113 W  M  N  V  r  01  B  I A  4  1 1  v  W

O F  5 _  A M P

3  3
T 1  0  g

ID 0 3  1 9  N  I U  N  D I

B 5 1 0

T S V M E  4 - 2 0
U I  - f

8 1 0 3

1 4 1 0 *  r

SE
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4.3 -  I N P U T  F I LT E R  CONFIGURATION (see figure 2 4 )

CONFIGURATION F :

The modifications f o r  th is  option a r e  made b y  t h e  customer i n  accordance
with the desired cut-off  frequency.

4.3.1 -  L o w  pass f i l ter

* This involves cutting o f f  t h e  h igh e n d  o f  t h e  input  signal spectrum, a n d
virtually a l l  applications w i l l  f a l l  i n to  this  category. Filtering i s  o f  t h e  R C
type (1st  order), and  i s  situated a t  the  head o f  amplification s o  as  t o  keep
the scanning speed independent o f  the cut-off  frequency fc .

channel 0

channel 31

SE

RF

0 VA

R

fc =

0 VA

CF

MUX

1
271 .RF •CF

MUX

0+

channel

0-

15+

channel

15-

DI

RF

RF

$
RF

R
>-I

TCF

CF

MUX

fc  1
4.n .R F. CF

MUX

* The filtering configuration i s  t h e  o n l y  op t ion  w h i c h  requires cu t t ing  o f  t h e
copper track. Tracks a re  c u t  f o r  each channel f i l te red,  a s  components a r e  t o
be added i n  series wi th the signal. ( T h e  track cut  normally shorts R F  i n  the
standard form. See figures 2 1 ,  22 ,  23).

NOTE :

RF :  R F  should preferably b e  <  2 0  K  ohms ,  - 1 / 4  W  - 5 %  meta l  l a ye r
(GOGECO-RTC, SOVCOR etc.).

I f  R F  >  2 0  K  ohms,  b i a s  currents should b e  t aken  i n t o  account a t  h i g h
gains.

CF shou ld  b e  o f  t h e  11 ,  Z 5 U ,  ceramic "chev r i l "  t y p e  ( 1 0 % ,  f r o m  L C C ,
SOVCOR e t c . )  w i t h  suff ic ient ly  h i g h  leakage resistance a n d  s m a l l  dimensions
(rectangular). P r e f e r a b l y,  C F  <  1  p F,  (price).
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a) SE  mode :  N  =  Number o f  (SE) channels t o  b e  filtered ( N  .= 3 2  max)

- C u t  N  tracks across N  x  R F
- Wire i n  N  x  R F  and N  x  C F

b) D I  mode :  M  =  Number o f  ( D I )  channels t o  b e  filtered ( M  1 6  max)

- C u t  2  x  M  tracks across 2  x  M  x  R F
- Wire i n  2  x  M  x  R F
- Wire i n  M  x  C F  ( C F  wi red  "floating" t o  avoid deterioration i n  alternate
common mode).

FIGURE 21

DI

v4

O F S  A M P  P 3  t c i
T H O M S O N  M  I C R O S Y S T E M E S  — S E

'1; t m m m m m m m m m m m m m m  4  W01 I I  V I  4  0 1  I U  1 0  1 0

age a s t . e • • • • • • • • • • • • • • • • • • • • • s e . e i 4

F. F .  F .  F .  F .
III f  W  M  P .  6 1

T 1 0 . 3 :  1  2  3
I I  C = 5 1 - 0

M M  1-•  N  V  131

TSVME 4-2E1
LI11 - f  W

8103 r
R 1 0 .

SE



1

I P  -

•  • \ •  • s •  •  4  i f  ek •  •  s e  •

/ - 0 - - f r 0 - 0 - - 0 - - / .  • - •  ir
•  •  •  •  •  •  •  •  •  •  6  r e )  •

/  •  • • • •  O O O O O

TSVME 420-R :  16/32 A D C  with isolated inputs

FIGURE 2 2  -  PRINTED CIRCUIT  -  COMPONENT SIDE
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FIGURE 2 3  -  PRINTED CIRCUIT -  SOLDERED SIDE
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r ' ` ) ( ' 1 4  X  t r a c k  be cutBEFORE soldering

*S ide  v i e w  ( n o t  to  sca le )

2 .54  m m

RFRF

5 .08  m m

"uprighr

X =-

RF

t rack  cu t
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FIGURE 2 4  -  DETAILS O F  "OPTIONAL AREA"
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Channel
"15"

{
{ " 1 5 + " Ri _I_
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- - i - - .  MUX
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I
I
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I
I
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I
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4.3.2 -  High pass filter

Page 81

Situations c a n  b e  envisaged i n  w h i c h  i t  i s  wished t o  c u t  o u t  t h e  D C
component. Th is  can  b e  done b y  filtering o u t  t h e  l o w  end o f  t h e  spectrum
using a  high-pass filter.

The transformation f rom low-pass t o  high-pass i s  carried out  as follows :  (see
figures 21,  24) .

R

CF

OVA O V A

Low pass (SE)

RE

R

High pass (SE)

rs > _ _ H I C F

› _ I [ C F

R

Low pass (DI) H i g h  pass (DI)

NOTES :

•

fc - 1
2x .R F •CF

IC - 1
n .R F. CF

The s a m e  c u t s  a r e  m a d e  f o r  high-pass f i l te r ing  a s  f o r  t h e  low-pass
configuration, and  t h e  same remarks apply (wi th  t h e  physical positions o f  R F
and C F  interchanged).

It should b e  noted, however, that  capacitor C X  should have t h e  same overall
dimensions as a  1 / 4  Watt resistor. T h i s  type o f  capacitor, wi th  axial wires, i s
available f rom R T C ,  SOVCOR etc.) T h e  spacing f o r  resistor R F  is  5.08 mm.

Cx
(axial)

*Side view
(not to scale)

2.54 mm

111
5.08 mm

Rx

IMPORTANT :  R F  m a y  b e  significantly greater than 2 0  Kohms, a s  w e  a r e
not concerned here with the problem o f  generating offsets.
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In D I F F E R E N T I A L m o d e ,  t h e  I N A  n o  l o n g e r  receives we l l -de f i ned  b i a s
currents ;  t h e  o u t p u t  vol tage i s  de f ined  b y  t h e  C M R R  o n l y  ( D C ) .  T h e
following should b e  carried o u t  f o r  reliable operation :

1) " S h o r t "  R 1 8  and  R 1 9  (amp. bias).

2) Replace R 7  a n d  R 8  w i t h  resistors o f  t h e  des i red  v a l u e  (between 1 5 0
Kohms a n d  5  Mohms). These values w i l l  se t  t h e  i n p u t  impedance i n  common
mode.

This configuration g i v e s  opt imal  boa rd  operation, i n  alternate mode.  Accuracy
will b e  lower,  as  R 7  and  R 8  must  include a n  allowance f o r  t he  differences i n
"Ron" f o r  ic10/ic11 a n d  T I / T 2 .

GENERAL N O T E  :

Any combination o f  t he  above three "options" may  b e  used.
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V -  APPLICATIONS

5.1 -  GENERAL

As the board consists o f  1 6  o r  3 2  multiplexed inputs, the  assumption w i l l  b e
made, f o r  simplification o f  diagrams, t h a t  t h e  multiplexer i s  stable o n  one
input.
With conventional systems (without isolation), i t  i s  often diff icult  t o  resolve
delicate situations involving l o w  signal levels o r  disturbed external environments.
Spurious voltages i n  common mode, o r  even voltages drops o n  grouding straps,
may be  non-negligible, particularly i n  "single-ended" mode ( i f  the ground return
between two machines has a  resistance o f  0.1 ohms and carries 100  m A ,  this
gives 1 0  m V  =  V C M  between t w o  corrsponding grounds). These problems can
be resolved i n  differential mode, though any possible ground loops wi l l  remain.

= 1

Shale
Ended V u

differential

ground 2

•
-1t2 Vu

C-44 1CM

=  ground

Vs= Vu ♦ VCM

If Vuseful = Vu = 1V et VCM = 10 mV

= >  e r r o r  = 1  %

ground 1
external perturbation

G = 1

0 VA

Vs= Vu a VCM
CMRR

In differential mode ,  then ,  A  a n d  B  m u s t  b e  taken t o  t h e i r  respective
grounds. Considerations tha t  the  A  a n d  B  ground loop can b e  eliminated b y
grounding only A  o r  on ly  B  a r e  misleading, a s  i t  i s  virtually impossible t o
have a n  amp. wi th high D.C.  input impedance ( >  1 0  Mohms) working correctly
in this mode.
(Return bias currents, dr i f t ,  noise etc.).

5.2 -  I / O  ISOLATION

In order t o  remedy possible problems wi th  certain critical applications, and t o
give m u c h  grea ter  f lexibi l i ty  w i t h  r e g a r d  t o  ground p a t h s  w h i c h  a r e
independent o f  t h e  measuring system, t h e  T S V M E  4 2 0 - R  board i s  provided
with isolation between analog inputs a n d  digital outputs ("Field t o  computer"
isolation). Without going in to  details (cable capacitance, "bootstrapp" mountings)
the following i s  a  summary o f  the advantages o f  I / O  isolation :

- Possibility o f  ohmic isolation between the two grounds (_>__ 20 Mohms)
- Handling o f  signals superimposed on a  voltage VCM>10 V .
- Possibility o f  very high common mode rejection ratio.
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The board does .  not o f f e r  analog input/input isolation, b u t  s i ze  a n d  pr ice
considerations would make this inappropriate f o r  a  board such a s  t h e  T S V M E
420-R. Such a  feature would perhaps b e  useful f o r  certain special cases o n
very sophisticated equipment. I f  needs b e ,  t h e  problem can b e  go t  round b y
assigning o n e  board t o  o n e  arouo o f  sensors situated i n  t h e  same physical
environment :

TSVME 420 - R board
Viso
.4-10.

Group of i( m
sensors s

Group of !
sensors "le

tViso

"FIELD"
.IIHIII.
Viso

V M [

"COMPUTER"

* "Equivalent diagram" o f  an  analog input on  the TSVME 420-R board.
RF, C F,  I F  represent I / O  leaks (capacitance, resistance, D C / D C  common mode
current).

Ei

sensor ground

V i s o

N

0 VL

>  D ATA
ADC

(VME)

V(digitized) = (Vdiff t  VCM tViso )* Gain
CMRR IMRR

t. Ec i  Ei

INA gain
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5.3 -  TYPICAL CONFIGURATIONS

This is  a  non-exhaustive l ist o f  some o f  the most frequently used connections.

5.3.1 -  Asymmetric outgoing sensors

signal •

Vi

Vi

RG

RG

RG

Viso 0 V A 1

1+ m screened

2 + m screened

RG

0 VA

0 VA istr

2 + m screened

( pseudo-differential) 0  VA V

0 VL

O
board mode

-Single Ended-

0
board mode

-Single Ended-

0
board mode

-Single Ended-

0
board mode
-differential-

Arrangements A  a n d  B  a r e  given i n  increasing order  o f  protection against
perturbation. This  type  o f  set  u p  w i l l  suffice i n  t h e  vast majority o f  cases
(thanks t o  i / o  insulation). Arrangements C  a n d  D  a r e  suitable f o r  critical
assymetrical applications.
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VCM

5.3.2 -  Symmetric outgoing sensors

REF

+ Vd
RG

2 + m screened

+ V/2

•

VCM °  I M MV/2
0 V

RG
- Vd

MC 1

Vdiff

Vs = VCM + Vdiff

board mode
-differential-

In differential mode, t h e  high I / O  rejection ratio ( I M R R )  i s  also
by C M R R ,  f o r  surpression o f  V C M .

Wiring must  b e  carried o u t  w i t h  precaution, a n d  unwanted cable
well distributed i f  the C M R R  i s  t o  be  retained i n  alternate mode.

Page 8 6

accompanied

capacitance
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VI -  APPENDICES

6.1 -  D A T A  SHEET F O R  H I -506A ( M U X )

6.2 D A T A  SHEET F O R  L F  398 A  (S /H)

6.3 -  D A T A  SHEET F O R  H I  -  574  -  A K D  (ADC)
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1
FEATURES DESCRIPTION

•  ANALOG/DIGITAL OVERVOLTAGE PROTECTION
• FAIL SAFE WITH POWER LOSS (NO CATCHUP)

• BREAK-BEFORE-MAKE SWITCHING

• DTL/TTL AND CMOS COMPATIBLE

• ANALOG SIGNAL RANGE ± 1 5 V

•  ACCESS TIME (TYP.) 5 0 0 n s

•  SUPPLY CURRENT AT 1MHz
ADDRESS TOGGLE (TYP.) 4 m A

•  STANDBY POWER (TYP.) 7 . 5 m W

The HI-506A and HI-507A are dielectrically isolated CMOS
analog multiplexers incorporating an important feature; they
withstand analog input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They can withstand a continuous input
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present. Equally important, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection networks. Neces-
sarily, ON resistance is somewhat higher than similar unpro-
tected devices, but very low leakage currents combine to pro-
duce low errors. Application Notes 520 and 521 further explain
these features.

The HI-506A/507A is offered in both commercial and military
grades. F o r  additional Hi-Rel screening including 160 hour
burn-in specify the "-8" suffix. For further information see
Application Notes 520 and 521.

APPLICATIONS
•  DATA ACQUISITION

•  INDUSTRIAL CONTROLS

• TELEMETRY

PINOUT FUNCTIONAL DIAGRAM
HI-506A

TOP VIEW
HI-506A

- - :  r ,  - 1 A.ii.ww_._:.:01 .
• V SUPPLY t

NC 7
NC 7

IN I{ 41.1, ,
15 17 1
15 17 7
IN I )  5
sti I I  9

INN 11
IN 1 I I
050 IT

Vali  13
50011 ss 43 I I

• 74 OUT
77-V S U M ,
 K IN{
2S as I
74 M I
13 S
u s  1/ 15 4

71 IN 3
TO IN 7
19 IN I
10
I /  ADDRESS Al
I I  ADDRESS 4,
I N  A D D I R S . 4  4 ,

•••••••
411114.111 '

*  f i l lMINIM I: 1
K i l n1111111 $ I

1. I
I
I
I

f i l l I 1 1*

1 1 1 1 / 1 1 1
I IL L  1 1= l a

• I .  . 0  III

44411441411111.0 .11•••• 1 1 1 4 1 1 . M

.
-  i

N M I , *  . 4 0 0 , 1 1 1,.....•

HI-507A

TOP V IEW

HI-507A
3 ...

• • ••r
11•vsunty I

OUT II 7
NC 3

I N  I l e  4

IN 70 S
IN CO 6
IN 511 7
IN 40 0
1N30 N
IN 20 10
IN II I  I I
GNO 17

VRE 5 11
NC 14

• 78 OUT A
27 -VSUPPLY
26 IN 0/1
7S IN 7A
24 IN GA
23 IN SA
27 IN 4A
21 IN 3A
TO IN 1A
I9 IN IA
I t  ENABLE
IT ADDRESS Ao
IS ADDRESS At
15 ADDRESS Ai

00.1 1 I  1
1140 •

I
1 I :

i s w e r s .
'

•••
I

....•

...Awe
1I • • - • •

I .
I

1 1.1•IIN•la

I

1
I
II

. .
.
. . I

1 • • • •• I
Ale

' iI L  -  -  -  J  I -  1
•IIIIMIIIIIHIPV. NOM., 1 1 1 1 1 1 0 1 . •  I I I M I P P I . •.../tIIIII P.n.. W O N . .

OD HAFtFus HI-506011-507A
16 Channel CMOS

Analog Multiplexer with
Overvoltage Protection

1



SPECIFICATIONS

Supply Voltage Between Pins 1 and 27 44V Total Power Dissipation' 1200mW
VREF to Ground V+ to Ground 22V Operating Temperature
VEN, VA, Digital Input Overvoltage: H1-506A/507A-2 -55°C to +125°C

v I  VSupply (+) +4V H1-506A/507A-5 0°C to +75°C
A I VSupply ( - ) -4V Storage Temperature -65°C to +150°C

PARAMETER TEMP.

H1-506A/507A-2
-55°C to • 125°C

HI 506A/507A-5
0°C to •75°C

UNITSMIN. TYP. MAX. MIN. TVP. MAX.

ANALOG CHANNEL CHARACTERISTICS
Full - IS •15 -15 •15 V•V s. Analog Signal Ranp

•Rops, On Resistance Moto 11 .25°C 1.2 1.5 1.5 1.8 l a l
Full ES 2.0 1.8 2 0 Xf/  •

*IS (OFF). 011 Input Leakage Cwrint •25°C 0.03 0.03 net
Full .50 •50 rut

' Io  (OFF). Ott Output Leoliags C1144040 .25°C 1.0 1.0 ria.
III-506A Full 1300 1300 nA
HI-507A FuN 2200 1100 nA

.11:1 (OFF) with Input Ormolu/2e Asophrd • 25°C 4.0 4.0 wo.
(Nola 21 Full 2.0 oA

'10 ION), On Channel Leakage COMM • 25°C 0.1 0.1 nA
141-506A Full 2.300 2300 nA
NI-507A FuN ±200 •290 w0

IOIFF. Differential ON Output Looker Conant Full ±50 150 AA
(HI-SOS Only)

DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold I TTL Drive Full 0.8 0.8 V
VAN, Input High Threshold Mote 71 Full 4.0 4.0 V
VAL IVAN M O S  Chive (Now 3) • 25°C

•25°C 6.0
0.1

6.0
0.8 V

V

'IA. Input Leakage Cumuli (High or Lows FuN 1.0 1 .0 is A

SWITCHING CHARACTERISTICS
IA. Access Time •25°C 0.S 0.5 Ps

Full 1.0 1.0 An
topE N. flreak-11•Iont Make Of irf • 75°C 25 60 25 80 ant

too LEN). Enable Delay ION) •25°C 300 500 300 re
Full 1000 1000 re

tOFF IENI. ( " We  Oelag (OFF( • 25°C 300 SOO 300 ors
Full 1000 1000 re

Settling Tune 10.1%1 •25°C 1.3 1.3 P I
10.025%) •25°C 4.4 4.4 p t

"Olt Isoiation" (Note 41 •25°C SO 68 SO 68 dl

CS (OFF). Channel Input Capacitance •25°C 5 S pi

Co (OFF). Channel Output Capacitance H I -506A •25°C 50 50 pF
NI-507A • 25°C 25 25 pF

CA, Oirtal Input Capacitance •25°C 5 . 5 pi

Coo (OFF). Input to Output C•p•CEINILI •25°C 0.1 0.1 pi

POWER REQUIREMENTS
Po, Power Onswation Fun 7.5 TS mw

' I . .  Current Pm 1 Illow SI Full 0.5 2.0 0.5 2.0 WA

'1-, Current Pin 27 Plow 5) Full 0.02 1.0 0.02 1.0 Nub

1 . .  Standby Mow 61 Full 0.5 2.0 0.5 2.0 NA

• I-. Standby Mote 61 Full 0.02 1.0 0.02 I v oiA

42 Al Al AI EN DIANNE,.
X X 0 0 1. NONE
1. L L I. N 1
L L I N N 2
I. I N I N 7
I I H N N 4
4 N E I N 5
I H l H N 6
I H N 1. N /
I N H 11 N a
N I. 1. 1. N I
H I L 0 N 10
N I 1 1 1 . 1 1 11
1 1 1 . 1 1 1 4 1 4 10
N N I. I. H 13
N H L N N 14
N I I I I I N 10
N H 11 11 N 16

A2 Al Ao EN

ON
SWITCH

PAIR

X X X I NONE
L II. I. H
L I N N 2
I H I. H 3
I. H H H 4
H 1 . 1 . H 5
H I. H H 6
H H I. H 7
H H H H I

ABSOLUTE MAXIMUM RATINGS

Analog Overvoltage:
I VSupply (+)Vs
VSupply ( - )

+20V
-20V D e r a t e  19-7mW/°C above TA = 1100C.

ELECTR ICAL CHARACTER ISTI CS (Unless otherwise specified)
Supplies = +15V, -15V; VREF (Pin 13) = Open; VAN (Logic Level High) =+4.0V; VAL (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics section.

NOTES I. VOUT • i 1 0 V,  1011T • -  10071 A.
2. Aniline Overvetteee . 1 3 3 V
3. VREF •  4.10V.
4. VEN • 0.8V. RI  •  11/.. Cl .150T. VS •

7IIRMS, I •  SOOKH,.

S V E N  •  .4.0V.
6. Ugly •  0.8V.
7. To  dm, horn OTL/TTL strewn,. 11(11pull-

op resiston to .5.0V supply are recom-
mended 2

• 00% to id iot  Dab 1 at
250C and •12S•C *My.

TRUTH TABLES

HI-506A

HI-507A

1



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

1 T
5 +125DC?TA ?_-55°C _

•
VIN • .5V

3

2

1

0

9

8

("OUTPUTL̀EAKAGECURRENT
IDIOM

ON LEAKAGECURRENTIDION(

OFT INPUTCURRENT-EAKAGI, WEI

1

1

(UNLESS OTHERWISE SPECIFIED TA = 25°C, VSUPPLY =1:15V, VAR = +4V, VAL = 0.8V AND VREF = OPEN.)
ON RESISTANCE vs.

INPUT SIGNAL LEVEL. SUPPLY VOLTAGE
100 1, A

14

1.3

c  1.2
1.1

1.0
C

0.9
a. oil

TEST
CIRCUIT

NO. 1

ON RESISTANCE
vs. ANALOG INPUT VOLTAGE

V?
RON

1000A

TA .125°C

TA • 25°C

TA • 55°C

-10 - 3  - 6  - 4  - 2  0  2  4
VIN - Analog Input (Volts)

6 8 10

VI

4 -

OUT

NORMALIZED ON RESISTANCE
v. SUPPLY VOLTAGE

±1 1 d  ± 9  t  0 ± 11  ± 1 2  ±  3 . 1 4  t i 5
Suppoy Voltage - Volts

100rA

100.A

10pA

LEAKAGE CURRENT vs. TEMPERATURE

S. SO. /  • 1 0 0 •Towoperenol -•C 11±•

*Two enema mnents per eltennei;
•10W-10V end -10V/+10/.
(Two meeetHenvente pen device toe iffior F I :
•10V/-10V arbd -TM/keit/v.)

TEST
CIRCUIT

NO. 2*

TEST
CIRCUIT

NO. 3*

TEST
CIRCUIT

NO. 4*

!boy

:1010-±—

•OAIV

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

ANALOG INPUT
CURRENT IIN)

OUTPUT OFF
LEAKAGE CURRENT-
10(OFF)

±15 2 1 8  ± 2 1  ± 2 4  ± 2 7  ± 3 0  ± 3 3  ± 3 6
VIN - Artatog Input Ovirrolt4g4 (Volts)

3

TEST
CIRCUIT

NO.5

ANALOG INPUT
OVERVOLTAGE CHARACTERISTICS



i
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I



1
1

1
1

Z1Nat ional  S a m p l e  and Hold
Semiconductor

LF1981LF298/LF398, LF198A/LF398A
Monolithic Sample and Hold Circuits
General Description
The LF198/LF298/LF398 are monolithic sample and
hold circuits which utilize BI-FET technology to obtain
ultra-high dc accuracy with fast acquisition of signal and
low droop rate. Operating as a unity gain follower, dc
gain accuracy is 0.002% typical and acquisition time is
as low as 6ps to 0.01%. A bipolar input stage is used to
achieve low offset voltage and wide bandwidth. Input
offset adjust is accomplished with a single pin and does
not degrade input offset drift. The wide bandwidth
allows the LF198 to be included inside the feedback
loop o f  1  MHz  op  amps without having stability
problems. Input impedance o f  101051 allows high
source impedances t o  b e  used without degrading
accuracy.

P-channet junction FET's are combined with bipolar
devices in the output amplifier to give droop rates as
low as 5 mV/min with a 1pF hold capacitor. The JFET's
have much lower noise than MOS devices used in pre-
vious designs and d o  not  exhibit high temperature
instabilities. The overall design guarantees n o  feed-
through from input to output in the hold mode even
for input signals equal to the supply voltages.

Features
•  Operates from ±5V to t18V supplies
•  Less than 10ps acquisition time
•  TTL ,  PMOS, CMOS compatible logic input
•  0 .5  mV typical hold step at Ch = 0.01pF
•  Low input offset
•  0.002% gain accuracy
•  Low output noise in hold mode
•  Input characteristics do not change during hold mode
•  High supply rejection ratio in sample or hold
•  Wide bandwidth

Logic inputs on the LF198 are fully differential with
low input current, allowing direct connection to TTL,
PMOS, and CMOS. Differential threshold is 1.4V. The
LF198 will operate from ±5V to t18V supplies. I t  is
available in an 8-lead TO.5 package.

An " A "  version is available with tightened electrical
specifications.

Functional Diagram

LOGIC
REFERENCE

Typical Applications

9V

Typical Connection

OFFSET

OUTPUT

NOLO
CAPACITOR

3
10

100

1900
0.001

OUTPUT

Acquisition Time

M I 1 1 1 1 1 1 1
11 . 111 . 11 M M

IMM11191101111iN. 7 11 • 0 11111isms§  N . N e h m i N s i s i i

Vieg•0 TO ,10V
Ti • V C

f i a l l 1 1 1 1 1 1 . 1 1 1 6 9 1 1

IIINIME•1111111
• • •  . 1 1

991
NOLO CAPACITOR (,F)

9.1



Electrical Characteristics (Continued) (Note 3)

PARAMETER CONDITIONS
LF198A LF398A

UNITS
MIN

-
TYP MAX MIN TYP MAX

Input Offset Voltage, (Note 6) TI -  25`C 1 1 2 2 mV
Full Temperature Range 2 3 mV

Input Bias Current, (Note 6) Ti -  25`C 5 25 10 25 nA
Full Temperature Range 75 50 nA

Input Impedance Ti -  25°C 1010 1010 n
Gain Error Ti -  25`C. RL •  10k 0.002 0.005 0.004 0.005 %

Full Temperature Range 0.01 0.01 %

Feedthrough Attenuation Ratio
at 1 kHz

Ti -  25°C. Ch -  0.01:JF 86 96 86 90 dB

Output Impedance Ti-- 25`C, "HOLD" mode 0.5 1 0.5 1 ti
Full Temperature Range 4 6 D

...,
"HOLD" Step, (Note 4) Ti -  25°C, Ch = 0.01pF, VOUT -  0 0.5 1 1.0 1 mV

Supply Current, (Note 6) - >  25°CTi 4.5 5.5 4.5 6.5 mA

Logic and Logic Reference Input Ti -  25°C 2 10 2 10 pA
Current

Leakage Current into Hold Ti -  25°C. (Note 5) 30 100 30 100 pA
Capacitor (Note 6) Hold Mode

Acquisition Time to 0.1% AVo w -  -  10V, Ch •  1000 pF 4 6 4 6 Ms
Ch •  0.01µF 20 25 20 25 ps

Hold Capacitor Charging Current VIN -  VOUT •  2V 5 5 mA

Supply Voltage Rejection Ratio VOUT '• 0 90 110 90 110 dB

Differential Logic Threshold Ti -  25°C 0.8 1.4 2.4 0.8 1.4 2.4 V

1

.- v •

. "OUT
avm

1

•  1 1 -

•

• 15V
51 seV
Itni
i

STEP

I

I
- - - - NEGATIVE

INPUT

POSITIVE _
IIIHNT STEP
1 • 1

100

ID

0.1

HYSTERESIS
MYLAR

0 0 111 . -
. . ! ! ! ! " 1 1 1 1 f t

POLYPROPYLENE
AND POLYSTYRENE
TIME CONSTANT

!!!!!!

100

1111111 10
111/1.11.11 •  IV • •  M I E H M

'M11111111MYLAR
r.--
CONSTANT

T ME
=

POLYSTYRENE

0.1

;SEM
11111111111M

POLYPROPYLENE
AND
HYSTERESIS

Note 1: T h e  maximum junction temperature of  the LF198 /LF198A is 150°C,  for the LF298 ,  1 1 5 t ,  and for the LF398 /LF398A,  1 0 0 t .  When
operating at elevated ambient temperature, the power dissipation must be derated based one  thermal resistance (OJA) of 1 5 0 t / W .
Note 2 :  A l though the  differential voltage m a y  no t  exceed the limits given, the  common-mode voltage on the logic pins may be equal to  the
supply voltages without causing damage to  the circuit. For proper logic operation, however, one of the logic pins must always be at least 2 V  below
the positive supply and 3V above the negative supply.
Note 3:  Unless otherwise specified, the following conditions apply. Uni t  is in  "sample" mode, VS -  115V,  Ti 2 5 ° C ,  - 11 . 5 V  <  V I N  <  +11 .5V,
Ch -  0 .01uF,  and A L  -  10 k i t .  Logic reference voltage ,• OV and logic voltage -  2 .5V.
Note 4:  H o l d  step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 p F,  for  instance. will create an
additional 0 .5  m V  step with a 5V logic swing and a  0.01uF hold capacitor. Magnitude of  the hold step is inversely proportional t o  hold capaci-
tor value.
Note 5 :  Leakage current is measured a t  a  junction temperature of  25°C. The effects of  junction temperature rise due to power dissipation or
elevated ambient can be calculated by doubling the 25°C value for each 11°C  increase in chip temperature. Leakage is guaranteed over full input
signal range.
Note 6: These parameters guaranteed over a supply voltage range of s5 to t  18V.

Typical Performance Characteristics

500
450
400
750
300
250
200
ISO
100
50

Aperture Time*

-50 -25 0  2 5 50 75 100 125

JUNCTION TEMPERATURE("cl

*See Definition of  Terms

'Si

FINAL SAC (mV/

Capacitor Hysteresis

01 1  1 0
SAMPLE TIME le.)

100

(SW)

100

10

cc •  1

- 1 0

- 1 0 0

Dynamic Sampling Error

....If:SIB .a l /3: i '  M e l t %  21...174:

arils

titlk51
Rim

n1.111:11.1.1°01".".!!!!!

0.1 1 0  1 0 0  1 0 0 0
INPUT SLEW RATE IV/w')

2

1

1

1



Typical Performance Characteristics (Continued)CURRENTREJECTIONCURRENT

O u t p u t  D r o o p  R a t e

loa

nri

30-3

10-•
IOC pf • 0 0 0  pr 0 0 1 , , F  0 . 1 A . F  I . F

HOLD CAPACITOR

Leakage C u r r e n t  i n t o  H o l d
Capac i to r

100
EVs• •15V
:VOUT •  0

HOLD MODE
10

15-2
- 50 - 2 5  0  2 5  5 0  7 5  3041 3 2 5  1 5 4

JUNCTION TEMPERATURE ('CI
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100

25

20

16
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•

- I I
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00 1 0 0 0  1 0 1
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HI-574A
Fast, Complete 12-Bit AID Converter

with Microprocessor Interface

FEATURES DESCRIPTION

• COMPLETE 12 BIT A/D CONVERTER WITH REFERENCE AND CLOCK.
• FULL 8-, 12- or 16- BIT MICROPROCESSOR BUS INTERFACE.
• 150 nS BUS ACCESS TIME
• NO MISSING CODES OVER TEMPERATURE
• MINIMAL SETUP TIME FOR CONTROL SIGNALS
• 25 pS MAXIMUM CONVERSION TIME
• LOW NOISE, VIA CURRENT-MODE SIGNAL TRANSMISSION

BETWEEN CHIPS
• BYTE ENABLE/SHORT CYCLE (A. INPUT)

• GUARANTEES BREAK — BEFORE— MAKE ACTION, ELIMINATING
BUS CONTENTION DURING READ OPERATION. LATCHED BY THE
START CONVERT INPUT (TO SET THE CONVERSION LENGTH).

• IMPROVED SECOND SOURCE FOR A0574A AND HS574
• ±12V TO ±15V OPERATION

APPUCATIONS

• MILITARY AND INDUSTRIAL DATA ACQUISITION SYSTEMS
• ELECTRONIC TEST AND SCIENTIFIC INSTRUMENTATION.
• PROCESS CONTROL SYSTEMS.

The HI-574A is a complete 12 bit Analog-to-Digital Converter,
including a +10V reference, clock, three-state outputs and a digital
interface for microprocessor control. Successive approximation
conversion is performed by two monolithic dice housed in a 28-pin
package. The bipolar analog die features the Harris Dielectric
Isolation process, which provides enhanced AC performance and
freedom from latch-up.

Custom design of each IC (bipolar analog and CMOS digital) has
yielded improved performance over existing versions of this
converter. The voltage comparator features high PSRR plus a high
speed current-mode latch, and provides precise decisions down to
0.1 LSB of input overdrive. More than 2X reduction in noise has been
achieved by using current instead of voltage for transmission of all
signals between the analog and digital IC's. Also, the clock oscillator
is current-controlled for excellent stability over temperature. The
oscillator is trimmed for a nominal conversion time of 20 ± 1µs.

The HI-574A offers standard unipolar and bipolar input ranges, laser
trimmed for specified linearity, gain and offset accuracy. The buried
zener reference circuit is trimmed for minimum temperature
coefficient.

Power requirements are + 5V and ± 12V to ± 15V, with typical dissipation
of 515 mW. Three electrical grades each are offered for the commercial
and military temperature ranges. All models are packaged in a 28 pin
side-brazed, ceramic DIP. For additional Hi-Rel screening including 160
hour burn-in specify the --8" suffix.

PINOUT

TOP VIEW

C A U T I O N :  T h e s e  dev ices  are  sensi t ive  t o  e l e c t r o n i c  d ischarge .  P r o p e r  I . C .  h a n d l i n g  p r o c e d u r e s  s h o u l d  b e  f o l l o w e d .



SPECIFICATIONS

MODEL HI-574AJ HI-574AK HI-574AL UNITS
Temperature Range 0 TO +75 °C
Resolution (max) 12 12 12 Bits
Linearity Error

25°C (max) ±1 ±1/2 ±1/2 LSB
0°C to +75°C (max) ±1 ±1/2 ±1/2 LSB

Differential Linearity Error
(Maximum resolution for which no missing codes is guaranteed)
25°C 11 12 12 Bits
Tmin tO TT= 11 12 12 Bits

Unipolar Offset (max)
(Adjustable to zero) ±2 ±2 ±2 LSB

Bipolar Offset (max)
(Adjustable to zero) ±10 ±4 ±4 LSB

Full Scale Calibration Error
25°C (max), with fixed 50 (1 resistor from
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 0.3 % of F.S.
Tmon to Tmax

(No adjustment at +25°C) 0.5 0.4 0.35 % of F.S.
(With adjustment to zero at +25°C) 0.22 0.12 0.05 % of F.S.

Temperature Coefficients
Guaranteed max change. Turin to T .  (Using internal reference)
Unipolar Offset ±2 ±1 -2..- 1 LSB

(10) (5) (5) (ppm/°C)
Bipolar Offset ±2 -±1 ±1 LSB

(10) (5) (5) (ppmrC)
Full Scale Calibration ±9 ±5 ±2 LSB

(45) (25) (10) (ppm/°C)
Power Supply Rejection ..

Max change in Full Scale Calibration
+13.5V<Vcc< +16.5V or +11.4V<Vcc< +12.6V ±2 -1 ±1 LSB
+ 4.5V<VLoGic< + 5.5V ±1/2 ±1/2 +1/2 LSB
— 16.5V<VEE< — 13.5V or — 12.6V<VEE< —11.4V ±2 -1 ±1 LSB

Analog Inputs
Input Ranges

Bipolar —5 to +5 Volts
—10 to +10 Volts

Unipolar 0 to +10 Volts
0 to +20 Volts

Input Impedance
10 Volt Span 5K, ±  250/0 Ohms
20 Volt Span 10K. ±  25% Ohms

Power Supplies
Operating Voltage Flange

%/LOGIC +4.5 to +5.5 Volts
Vcc +11.4 to +16.5 Volts
VEE —11.4 to —16.5 Volts

Operating Current
kocic 7 TYP, 15 MAX mA
Icc 11 TYP, 15 MAX mA
1EE 21 TYP, 28 MAX mA

Power Dissipation 515 TYP, 720 MAX mW
Internal Reference Voltage +10.00 ± 0.1 MAX Volts

Output current,'
available for external loads (External load
should not change during conversion).

2.0 MAX mA

(Typical @ +25°C with Vcc = ±15V or +12V, \how = +5V, VEE = —15V or —12V unless otherwise specified)

DC AND TRANSFER ACCURACY SPECIFICATIONS

1 When supplying an external load and operating on -1- 12V supplies, a buffer amplifier must be provided for the Relerence Output.
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guarantee no missing codes to 12-bit resolution, all 4096 codes must
be present over the entire operating temperature ranges. The
HI-574AJ and AS grades guarantee no missing codes to 11-bit
resolution over temperature; this means that all code combinations
of the upper 11 bits must be present; in practice very few of the 12-bit
codes are missing.

UNIPOLAR OFFSET
The first transition should occur at a level 1hLSB above analog
common. Unipolar offset is defined as the deviation of the actual
transition from that point. This offset can be adjusted as discussed
on the following pages. The unipolar offset temperature coefficient
specifies the maximum change of the transition point over tempera-
ture, with or without external adjustment.

BIPOLAR OFFSET
Similarly, in the bipolar mode, the major carry transition (0111 1111
1111 to 1000 0000 0000) should occur for an analog value 1/2LSB
below analog common. The bipolar offset error and temperature
coefficient specify the initial deviation and maximum change in the
error over temperature.

FULL SCALE CALIBRATION ERROR
The last transition (from 1111 1111 1110 to 1111 1111 1111) should occur
for an analog value 11/2LSB below the nominal full scale (9.9963 volts for
10.000 volts full scale). The full scale calibration error is the deviation of
the actual level at the last transition from the ideal level. This error, which is
typically 0.05 to 0.1% of full scale, can be trimmed out as shown in Figures
2 and 3. The full scale calibration error over temperature is given with and
without the initial error trimmed out. The temperature coefficients for each
grade indicate the maximum change in the full scale gain Irom the initial
value using the internal 10 volt reference.

TEMPERATURE COEFFICIENTS
The temperature coefficients for full-scale calibration, unipolar
offset, and bipolar offset specify the maximum change from the
initial (25°C) value to the value at T .  or Tmax.

POWER SUPPLY REJECTION
The standard specifications for the HF574A assume use of +5.00 and
±15.00 or ±12.00 volt supplies. The only effect of power supply
error on the performance of the device will be a small change in the
full scale calibration. This will result in a linear change in all lower
order L.uties. The specifications show the maximum change in
calibration from the initial value with the supplies at the various
limits.

CODE WIDTH
A fundamental quantity for A/D converter specifications is the code
width. This is defined as the range of analog input values for which a
given digital output code will occur. The nominal value of a code
width is equivalent to 1 least significant bit (LSB) of the full scale
range or 2.44mV out of 10 volts for a 12-bit ADC.

QUANTIZATION UNCERTAINTY
Analog-to-digital converters exhibit an inherent quantization
uncertainty of :4_-1/2LSB. This uncertainty is a fundamental charac-
teristic of the quantization process and cannot be reduced for a
converter of given resolution.

LEFT-JUSTIFIED DATA
The data format used in the HI-574A is left-justified.This means that
the data represents the analog input as a fraction of full-scale,
ranging from 0 to 4°95 . This implies a binary point to the left of the
MSB.

APPLYING THE HI-574A
For each application of this converter, the ground connections, power
supply bypassing, analog signal source, digital timing and signal
routing on the circuit board must be optimized to assure maximum
performance. These areas are reviewed in the following sections,
along with basic operating modes and calibration requirements.

PHYSICAL MOUNTING AND LAYOUT CONSIDERATIONS
Layout—
Unwanted, parasitic circuit components, (1, R, and C) can make 12
bit accuracy impossible, even with a perfect A/D converter. The best
policy is to eliminate or minimize these parasitics through proper
circuit layout, rather than try to quantify their effects.

The recommended construction is a double-sided printed circuit
board with a ground plane on the component side. Other techniques,
such as wire-wrapping or point-to-point wiring on vectorboard, will
have an unpredictable effect on accuracy.

In general, sensitive analog signals should be routed between ground
traces and kept well away from digital lines. If analog and digital lines
must cross, they should do so at right angles.

Power Supplies
Supply voltages to the HI-574A ( + 15V, —15V and +5V) must be
"quiet" and well regulated. Voltage spikes on these lines can affect

4

the converter's accuracy, causing several LSB's to flicker when a
constant input is applied. Digital noise and spikes from a switching
power supply are especially troublesome. If switching supplies must
be used, outputs should be carefully filtered to assure "quiet" DC
voltage at the converter terminals.

Further, a bypass capacitor pair on each supply voltage terminal is
necessary to counter the effect of variations in supply current.
Connect one pair from pin 1 to 15 (VEmc supply), one from pin 7 to 9
(Vcc to Analog Common) and one from pin 11 to 9 (VEE to Analog'
Common). For each capacitor pair, a 10µF tantalum type in parallel
with a 0.1µF ceramic type is recommended.

Ground Connections
The typical HI-574A ground currents are 5.5mADC into pin 9 (Analog
Ground) and 7mADC out of pin 15 (Digital Common). These pins should be
tied together at the package to guarantee specified performance for the
converter. In addition, a wide PC trace should run directly from pin 9 to
(usually) 15V common, and from pin 15 to (usually) the +5V Logic Common.
If the converter is located some distance from the system's "single point"
ground, make only these connections to pins 9 and 15: Tie them together at
the package, and back to the system ground with a single path. This path
should have low resistance since it will carry about 1.5mA of DC current.
(Code dependent currents how in the V .  VEE and VioGic terminals, but not
through the HI-574A's Analog Common or Digital Common).



ANALOG SIGNAL SOURCE R A N G E  CONNECTIONS AND CALIBRATION PROCEDURES
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The device chosen to drive the HI-574A analog input will see a
nominal load of 5K1 (10V range) or 10K11 (20V range). However, the
other end of these input resistors may change ±400mV with each bit
decision, creating abrupt changes in current at the analog input.
Thus, the signal source must maintain its output voltage while
furnishing these step changes in load current, which occur at 1.6,4
intervals. This requires low output impedance and fast settling by the
signal source.

The output impedance of an op amp, for example, has an open loop
value which, in a closed loop. is divided by the loop gain available at a
frequency of interest. The amplifier should have acceptable loop gain
at 600KHz for use with the HI-574A. To check whether the output
properties of a signal source are suitable, monitor the 574A's input
(pin 13 or 14) with an oscilloscope while a conversion is in progress.
Each of the twelve disturbances should subside in one microsecond
or less. (The comparator decision is made about 1 .54  after each
code change from the SAR).

If the application calls for a Sample/Hold to precede the converter, it
should be noted that not all Sample/Holds are compatible with the
HI-574A in the manner described above. These will require an
additional wideband buffer amplifier to lower their output impedance.
A simpler solution is to use the Harris HA-5320 Sample/Hold, which
was designed for use with the HI-574A.

STS r e
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24.27
MUMS SITS

20.23
LOW SITS

WI  - - I

The HI-574A is a "complete" A/D converter, meaning it is fully
operational with addition of the power supply voltages, a Start
Convert signal, and a few external components as shown in Figures 2
and 3. Nothing more is required for most applications.

Whether controlled by a processor or operating in the stand-alone
mode, the HI-574A offers four standard input ranges: OV to + 10V, OV
to +20V, ±5V and ±10V. The maximum errors for gain and offset
are listed under Specifications. If required, however, these errors may
be adjusted to zero as explained below. Power supply and ground
connections have been discussed in an earlier section.

Unipolar Connections and Calibration—
Refer to Fig. 2. The resistors shown• are for calibration of offset and
gain. It this is not required, replace R2 with a 5051. 1% metal film
resistor and remove the network on pin 12. Connect pin 12 to pin 9.
Then, connect the analog signal to pin 13 for the OV to 10V range, or
to pin 14 for the OV to 20V range. Inputs to +20V (5V over the power
supply) are no problem—the converter operates normally.

Calibration consists of adjusting the converter's most negative
output to its ideal value (offset adjustment), then, adjusting the most
positive output to its ideal value (gain adjustment). To understand the
procedure, note that in principle, one is setting the output with
respect to the midpoint of an increment of analog input, as denoted
by two adjacent code changes. Nominal value of an increment is one

ANALOG
INPUTS

10K1

1000

IC)- 1 1 . 1 7
s5v
0
0

±10N

IN-574A

51$ a
NIGN SITS

24-27
MAME SITS

20-23

LOW SITS

FIGURE 2. UNIPOLAR CONNECTIONS F I G U R E  3 BIPOLAR INPUT CONNECTIONS
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LSB. However, this approach is impractical because nothing
"happens" at a midpoint to indicate that an adjustment is complete.
Therefore, calibration is performed in terms of the observable code
changes instead of the midpoint between code changes.

For example, midpoint of the first LSB increment should be
positioned at the origin, with an output code of all 0's. To do this,
apply an input of +1/2 LSB (+1.22mV for the 10V range; +2.44mV
for the 20V range). Adjust the Offset potentiometer R1 until the first
code transition flickers between 0000 0000 0000 and 0000 0000
0001.

Next, perform a Gain Adjust at positive full scale. Again, the ideal
input corresponding to the last code change is applied. This is 1-1/2
LSB's below the nominal full scale ( + 9.9963V for 10V range;
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for
flicker between codes 1111 1111 1110 and 1111 1111 1111.

Bipolar Connections and Calibration—
Refer to Figure 3. The gain and offset errors listed under Specifica-
tions may be adjusted to zero using potentiometers R1 and R2*. If

CONTROLLING THE HI-574A
The HI-574A includes logic for direct interface to most microproces-
sor systems. The processor may take full control of each conversion,
or the converter may operate in the "stand-alone" mode, controlled
only by the WC input. Full control consists of selecting an 8 or 12 bit
conversion cycle, initiating the conversion, and reading the output

RC

INPUT DUFFERS

this isn't required, either or both pots may be replaced by a 5011, 1%
metal film resistor.

Connect the Analog signal to pin 13 for a ±- 5V range, or to pin 14 for a
±10V range. Calibration of offset and gain is similar to that for the
unipolar ranges as discussed above. First apply a DC input voltage 1/2
LSB above negative full scale (i.e., —4.9988V for the ± 5V range, or
— 9.9976V for the ±10V range). Adjust the offset potentiometer R1
for flicker between output codes 0000 0000 0000 and 0000 0000
0001. Next, apply a DC input voltage 1-1/2 LSB's below positive full
scale ( +4.9963V for ±5V range; +9 9927V for ±10V range). Adjust
the Gain potentiometer R2 for flicker between codes 1111 1111 1110
and 1111 1111 1111.

• The 10011 potentiometer R2 provices Gain Adjust for the 10V and
20V ranges. In some applications, a full scale of 10.24V (LSB equals
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For
these, replace R2 by a 5012. 1% metal film resistor. Then, to provide
Gain Adjust for the 10.24V range. add a no( t potentiometer in series
with pin 13. For the 20.48V range. add a 5000 potentiometer in
series with pin 14.

data when ready—choosing either 12 bits at once or 8 followed by 4,
in a left-justified format.The five control inputs are all TTUCMOS-
compatibie: (12/8, CS. A,. RiC and CE). Table 1 illustrates the use of
these inputs in controlling the converter's operations. Also, a
simplified schematic of the internal control logic is shown in Figure 4.
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