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SECTION 1. INTRODUCTION

This equipment conver t s  the polar-coordinate  outputs of a wea ther  radar

and signal processor  to ca r t es ian-coord ina te  fo rm , contours the video , then

s tores  the resulting data in four  independent image-or ien ted  memories , each of

which r e f r e s h e s  one ras te r -scan  color television monitor.

The most signif icant  advantage of this sys tem over conventional mono-

chrome rada r - image-s to rage  devices lie s in the ability of the operator  to unam-

biguously recognize sixteen color-coded levels. Stored images of RHI or PPI

radar  scans  can be re ta ined  i nde f in i t e ly, updated , or e rased  independen t l y of

each o ther .  W h e n  used with an appropr ia te  radar  s cann ing  sequence , the sys tem

genera tes  a constant altitude PPI (CAPPI) disp lay for  each of four  selectable

al t i tudes .  Othe r front-panel  controls  determine distance scaling, ori gin loca-

tion , range and altitude marker  spacing and range cell width.  Contour t h r e s h o l d

colors - 0 (black) thru 15 ( red)  and levels (0 thru 99) having been set up on an

a r r a y  of thumbwheel switche s can be entered into any or all of the displays in

the form of a legend or color key.

Memory requirements have been limited to about 328 , 000 bits per d i sp lay

by performing operations such as coordinate conversion, scaling, translation,

introduction of markers, and video contouring pr ior  to storage of the image.

Each of the four memories contains a 248 x 2 55 a r r a y  with a f o u r - b i t  code to

represent  the color and /or  intensity of individual points, in addition , the

contour threshold colors and levels as well as parameters  such as antenna

angle , marker  spacing, and time are presented within a 248 x 70 anci l lary

data area along the right edge of each picture.

An in ter face  with an external  minicomputer  pe rmi t s  manual  or auto-

matic  t r a n s f e r  of image data between the r e f r es h  m e m o r i e s  and the  computer .

A t rackball -pos i t ioned cursor  enhances operator  in terac t ion  with both the  scan

conver ter  and the  computer.

1— 1
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SECTION 2. GENERAL DESCRIPTIO N

The block diagram presented in Figure 2- 1 should be r e f e r r e d  to whi le

reading the following description of the scan converter.

2. 1 Scan Conversion Processor

All front panel controls (except for those on the monitors and power

cont ro l  panel)  are located on the Scan Convers ion  Processor  or on the LWCA

(Li quid Water Content Analyzer) control panel and are connected to var ious

cards within the processor as shown. The Scan Conversion Processor accepts

synchro or binary inputs for antenna azimuth and elevation angles as well as

video and timing signals from a radar signal processor .  The input in format ion

is c onverted in real time from its polar form to a rectangular form suitable

for entry into the image-oriented memories. The processor also generates all

memory addresses , timing, and control signals needed by the f o u r  memory-

in’ units , plus alphanumeric data and color patches.

in the Scan Conversion Processor is a Display Data Interface (DDI) 4

j errn it s  communica t ion  between the Scan Conve r t e r  and a U n i ve r s a l

Logic interface (ULI) of an Interdata 7/32 minicomputer . The minicomputer

treats the Scan Converter as a peripheral and can perform data t r a n s f e r s  to

and from its refresh memories. A cursor can be switched on in any display,

its posi t ion adjus ted , and the data in the r e f r e s h  m e m o r y  at that posit ion

t ransmi t ted  to the computer  by operator  in te rac t ion  th rough  the LWCA cont ro l

pane l.

2—1
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2 Memory  I n t e r f a c e  U n i t s

Each  M e m o r y  I n t e r f a c e  Unit ( M I U )  p e r f o r m s  para l le l  to  s e r i a l  and di g i ta l

to analog convers ions  on i ts memory output to g e n e r a t e  red , g reen  and blue v i d e o

signals fo r  the co r r e spond ing  d isplay .  These uni ts  a lso execute  code c o n v e r s i o n

and con tou r ing on the incoming video as a func t ion  of color p a tche s and c o n t o u r

levels s tored in the assoc ia ted  memory.  In te rmed ia te  s torage  and log ic in each

MIU enables  it to a l te r  data in i ts memory as commanded by the Scan C o n v e r s i o n

Processor.

2.3 Memories

The image s torage  media are convent ional  AMPEX magne t i c  core memory

sys tems  having 8192 40-bit  words  for  each display.  They have sp lit cycle  t imes

of 750 nanoseconds and se l f -conta ined power supplies which  also powe r each

associated MIU. Data sheets are  included in the Appendix .

2.4 Displays

The d isp lays are  19-inch CON RA C de l ta -gun  color moni tors  of the type

used in te levision studios.  Each unit has red , g r een  and blue video inpu t s

d riven by its MIU. All of the d isp lays  are synchron ized  by the same H and V

drive pulses from the Scan Convers ion Pr ocessor .  A f i f th  moni tor  wi th

remote  se lector  can be switched to d i sp lay the same image as any one of the

four  independent  d i sp lays.  Data she et s for  the moni tors  have been included

in the A ppendix.

2-3
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SECTION 3 . O P ERA l ” I ON

s • 1 l ) i  p l
~ y A d j u s t  ment

I~~f ( 1 1  m o n i t o r  shou ld  have i ts  VIDEO swi tch  in the  0 d R  pos i t ion  f o r  n o r m a l

v i e w i n g .  The MONO pos i t ion  n soy be hel p ful , in cer t ai n ca ses , fo r  d i s t i ng u i s h i n g

c o l o r s .  The OFF pos i t ion  mi g ht be useful  as a s tandb y mode in l ieu of t u r n i n g

the power  o f f .

The BRIGHTNESS cont ro l  should be used to set  the black back groun d l e v e l
• ( o b s e r v e  the area around the al p h a n u m e r i c s )  to a point near  the t h r e s h o l d  of

v i s i b i l i t y .  The CONTRAST con t ro l  can hen be used to obtain the d e s i r e d  inten-

s i ty .  The i l luminated number at the top of each moni tor  is red when i n f o r m a t i o n

is being s to red  in its memory.

3. 2 Contour Threshold Entry

The contour th resho ld  switches are a r ranged  in the same pattern on the

• f r on t  panel of the Scan Convers ion  P roces so r  (see Figure  3 - 1)  as on the actual

disp lays.  Any of the 15 color-selectors  can be set to any color between 0 (b lack)
and 15 ( r e d ) .  The 14 level-switches should be set up in ascendin ~ magni tud e

order  f rom bottom to top. An area of the display will take on a .-olor of a g iven

patch if the co r re spond ing  si gnal p rocessor  output is equal to or g rea te r than

the level below the patch and less  than the level  above the patch. Should t he se

levels be set to the same number , the color in the patch between them wil l

never  appear.

A 
Having set up the contour  th resho 1d switches , the ope rator  need oni y

depress  the STORE THRESHO1J~~ b u t t o n  fo r  each disp lay in which this  set

L of contour  thresholds  is des i red . The previous set of th resholds  in tha t

memory  is then rep laced by the new set without  a f f ec t i ng  th~, othe r disp lay
informat ion  which had been entered using the previous  set of th resho lds .  (This

• s i t u a t i o n , where the th resho lds  do not ma tch  the disp layed i n f o r m a t i o n , can be

avoided by push ing  the appropr ia te  ERASE VIDEO but ton  be fo r e  e n t e r i n g  new

c o n t o u r  t h r e s h o l d s . )  Al l  subsequen t  incoming video will be con toured  acco rding
to the new set of t h r e s ho l d s .

C ( b r  15 , however , is r e s e r v e d  for  r ange  and a l t i t u d e  m a r k e r s  and has  the
p r o p e r t y  of not a l lowing i tself  to be w r i t t e n  ( v er . P a t t e r n s  ap p e a r i n g  in
t his c u b e r  can onl y be remove d by e r a s u r e .

3-1
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3 . 3 Mode and Range Ccli  W i d t h  Se lec t ion

These cont ro ls  must be set to cor respond wi th  the  radar  scan sequence

and the operat ing condi t ions of the radar  si gnal p rocessor .  In the R i h l  (Range

Hei g ht Ind ica to r )  mode , the display will p resen t  g r o u n d  range  a long the X ax i s

and hei ght along Y.  The antenna azimuth ang le is shown a f t e r  AZ , in the lower

ri g ht corne r , to the nea re s t  degree.

The PPI (Plan Pos i t i on  I n d i c a t o r )  mode y ields  a p l a n - v i e w  d i s p lay,  w i th

the Y-axis  running Nor th-South  and the X-axis  running E a s t - W e s t .  The antenna

elevation ang le appears a f t e r  EL to the neares t  0. 1 degree .

Either  RI-TI or PPI formats can be set up in any display or combination

of displays by depress ing  the des i red STORE VIDEO switches , which a re  act ive

when lit. When a STORE VIDEO switch is on , the large number above the

corresponding  display is illuminated in red. The CAPPI (constant alti tude

PPI) mode , also permit s use of any of the displays , with the CAPPI A L T I T U D E

switch set t ings appearing a f t e r  AL at the lower ri ght of each display. Each

disp lay represen ts  a PPI at the altitude selected.

3. 4 Scaling and Location of the Or~~Ln

The ORIGIN LOCATION switches provide a means of locat ing the  point

corresponding to the radar antenna at any position within the disp lay a a.

The units employed correspond to display elements at (X , Y ) ;  (0 , 0) is in the

upper left  corner , while (249 ,  247) is in the lowe r right. The center , normal ly

used for PPI formats , is (127 , 124).

ALTITUDE (RI-L I only)  and RA NGE SCALING switches can be used to

• va ry  the scaling as listed in Table 3-1.

Table 3-1. Full Scale Range and Altitude vs Scale Switch Positions (RHI Mode )

SWITCH POS: 1 2 4 8

ALTITUDE: 128 KM 64 KM 32 KM 16 KM

RANGE: 256 KM 128 KM 64 KM 32 KM

3-3
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3. 5 Mark’~r Spacing Selection

~i 1ARKER swi tches  are  provided to select  A L T I T U D E  (RHI onl y )  or RANGE

mark rr  spacing.  In PPI or CAPPI modes , the selected range marke r  spacing

is indicated in k i l ome te r s  a f t e r  RM at the lower ri g ht of the disp lay. When

the RHI mode is employed , the selected m a r k e r s  are indicated in the display

in the following fo rmat :  M (a l t i tude  marker  spacing) ;  ( range marke r spacing )

in kilometers.

3 .6  Time Code

The lower right corner of each disp lay contains time informat ion in the

following format: T (day of the year); (hour of the day); (minute). The time

readout of a particular display is updated only while information is being stored

in the men”ory of that display.

3. Crosshatch

Mode switch position B is provided as a test position in which a cross-

hatch is developed fo r  monitor alignment purposes. The crosshatch appears

in the color corresponding to fu l l -scale  video (the top patch), while the back-

ground appears  in the color corresponding ~.o zero video (the bottom patch).

F 3. 8 Li quid W a t e r  Content Anal ys is

Mode switch position A sets up conditions needed for LWCA operation,

covered by A J J - Z 1  in the A ppendix where  LWCA control panel operat ion is

also described .
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SECTION 4 . DETAILED CIRCUIT DESCRIPTION

The d e s c r ip t i o n s  a p p e a r i n g  in t hes e  s e c tio ns  g e n e r a l l y r e f e r t o  d i a g r a m s

inc l uded among the t e x t , in so m e  ca s e s ;  h o w e v e r , it mig ht he hel pfu l  to  r e fe r to

the actua l schemat i c s .  A comp lete l i s t ing  of d r a w i n g s f i p p l icable  t o  the LWCA

scan c o n v e r t e r  can be found in A J J - 2 t,  of A ppendix  D .

4. 1 Ang Ie I n t e r f a c e  Unit

The Angle Interface  Unit , located in the u p p e r- r e a r  position of the

coordinate conver ter  drawe r , accepts  synchro  •‘ izimuth and elevat ion data in

standard R 1, R 2 and S1, S2. S3 
format  and conver ts  these  data to the fol lowin g

• ou tpu ts :

• Scaled 130) az imuth  ang le , 1
0 r e so lu t ion

Scaled B D  elevat ion ang le 0. 1
0 r e s o l u t i o n

Sine /cos ine  azimuth 13 bi ts

Sine/cosine elevation 13 bits

Elevation greater  than 12. 65 ° flag

Azimuth and elevation synchro  input s are converted to 14-bit b i n a r y

numbers ( MSB= 180°) in Data Device Corporation syn chro to di gital conver ters

model ESDC-6 . ( These conver ters  are inhibited dur ing  sampling by the S/I)

inhibit command input. ) The 14-bit  b inary outputs a re  fed both to r ea r  panel

connector 33 th rough line d r i v e r s  and to rnulti plexers  A2 1  t h r o u g h A2 4  and A?

throug h A l O .  “* These multi plexers  se lect bin a r y  ang le da ta f rom ei t her  a rea r

panel connector J4 or f rom the synchro  to digital converters . They have been

provided should the need arise to drive the system from a di gi t all y genera t ed

ang le source.  If J4 is not connected , the multiplexer select line is pulled up

so that the converter outputs are selected.

Binary angle data is next converted to sine and cosine in I n t e r f a c e  Eng i-

neering sine/cosine controller ‘model 109 and ang le to sine co n v e r t e r  model  I f l h .~

The controller adapts the angle to sine converter to full  f o u r  q u a d ra n t  s ine  and

cosine opera t ion .  A log ic ze ro  on the con t ro l l e r  input t e r m i n a l  23 s e l e c t s  s i ne .

The sine/cosine converter channel is m ul t ip lexed once each  PRF i n t e r v a l

between azimuth and elevation inputs throug h mult i pl e x e r s  A l (  throug h Al s .

This technique was employed to optimize the e f f i c i e n c y  of the  c o nv e r t e r s .

*See A ppendix for Data Sheets

A c t u a l l y  onl y 12 bi ts  of A z i m u t h  and Elevat ion a r e  i n c l u d e d  in .1 3  and J4 at
the r e a r  panel ;  the two add i t iona l  e levat ion  b i t s , both i np u t  and output , a r e
c o n n e c t e d  to 12 - See 897392 ,
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An Interface Engineering binary ang le to scaled 13cr ) converter , mode l 107 ,
prov ides  the d r i v e  f o r  t h e  ( ; R l  an tenna  ang le d i s p lay .  T h i s  i - o r i v e r t e r  is s wi t (  l i e d
be tween a z im u t h  and e l eva t ion  b y mul t i pl exe r s  A l l  t h r o u g h A 14 , co n t r o l l e d

by the f r o n t  par~e1 mode s w i t c h .  A z i m u t h  is d i s p layed in t h e  RI -Il m o d e ;  w h i l e

e levat ion is d isp layed in all othe r modes .

M u l t i p le x e r s  A~~, A4 and A5 l ine sh i f t  the  sca led  BU) f o u r  l i n e s  down w h e n

d i s p lay ing e l e v a t i o n  to  p rov ide  the  i n c r e a s e  in r e s o l u t i o n  f r o n i  1
0 

to ü . 1
0

.

The m a g n i t ud e  co m p a r a t o r s , A20 and A2 5 , iotne ra t i ’  a l o C i c  one when
0

t i e an tenna  e l eva t ion  ang le exceeds  12.  t S  . E h i s  output  is used b y the  coor-

-
‘ 

d ina te  c o n v e r t e r  in the  CAPPI mode to in i t ia te  the 2 ° elev at ion  s tep.

4 . 2  C o o r d i n a t e  C o n v er t e r

The C o o r d i n a t e  Co n v e r t e r  d e r i v e s  the  c a r te s i a n  n~ em ur v  a d d r e s s  f r o m

the r ada r  pa r a m e t er s  of e l e v a t i o n  ang le , az i m u t h  ang le , ra da r  t r i gg er  and

the r an ge ga t e  c lock .  The a z i m u t h  ang le and e l e v a t i o n  ang le a r e  samp led

once e v e ry  r a d a r  per iod  to f o r m  the bas is  of the c o o r d i n a t e  t r a n s f o r m a ti o n .

f h e  b lock  d i a g r a m  of the Coord ina te  C o n v e r t e r  un i t  is shown in F i s er e  4 - 1 .

4. 2 . 1 Ang le P a r a m e t e r s

In the  ang le in te r f ace un it , there are two s y n c h r o - t o - d i g i t a l  c o nv e r t e r s ;

( f l O  d ed i ca t ed  to the  a z i m u t h  ang le , , and the o t h e r  d e d i c a t e d  to the  e l ev a t i o n

ang le , -‘ . [he  ou tpu t s  of e a c h  S / D  c o n v e r t e r  a r e  m u lt i p lex ed in to  a s i n/ c o s

o n v e r t e r  such  tha t  by c o n t r o l  of the mul t i p lexe r a n d fu n c t i o n  sw i tc h of t h e

s i n/ c o s  c o nv e r t e r , t h e  fo l l owing  f u n c t i o n s  can be obta ined and s t ci  ed in a i)

t ype r e i z i s t e r :

s i n :

cos

-‘i n
• cos e

4 . 2 . 2 h i x e t C o n s t a n t  M u l t i p l i e r s

[n t h e  RHI  d i  ~p I ~v . th e  a l t i t u d e  is R s in  ‘ , and the p r o t e c t  ion  of t i C  • r an

is R cos w h e re  R is  the  r a n t ~e ex p r e s s e r !  in k i l o m e t e r s.  C a n !  n u mb er  1 has

tw o  12 x 12 f i x e d  C ’ n b I , 4 n 1  m u l t i p l~c r s  w h i c h  u l t i p l y t h e  s ing le f u n c t i o n  in p u t

by a f i x e d : o n s t a n t  s u c h  t h a t  the  output  is ex p r e s s e d  in f l F f t~~ r s  ‘ . t b  t he

4 h n ’ r v  p o i n t  12 b i t s  f r o n f i  the LSB . For  a 2 ~~sec un i t  r a iC~C ( ‘ C e l l , t he ‘C o n v e r s i o n

f a c t o r (r a d a r d i s t a n c e )  b u i l t  i n t o  the r n u lt i pl b ’r s  is . Z l ~~~~I f 4 (  . Al l  s i b ~~ec ) f e

c a l c u l a t i o n s  f o l l o v i n ~ ~l i e ’  f i x e d  c o n s t a n t  r n u l t i p l e -r s  i r e  done d i r e c t l y in k i lo—

ri ~e t e r - ~ w h i c h  is a - - e r v u s e f u l  s i mp l i f b  it  on e - ~~p e ’c i a ll y i n d e t e r m i n i n g  t i e

r i f l er’ ma r C - e r ~~,

~~~~~ -\ p p e i i r ; ~ :-. C 4 1 t F  S i t
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The fixed cons tan t  mult ipl ie r s  are  each composed of adders  a r r a n g e d  in

an a rray such tha t the inpu t is multiplied by a constant. Groups of 4-bit

adders  are  pyramided  to f o r m  a subset of 4-bi t  numbers  wi th  all the c a r r y - o u t s

fed into the carry-input s of the next higher order 4-bi t  a r r a y .  The schemat ic

d iagram shows the a r r a y  in de ta i l  and a lso  in block d i ag ram f o r m a t .  The line

shifter following each mult ipl ier  a r r a y  is con t ro l led  by the f ron t  panel switch

that selects the range gate. The line shifte r, in effect , m u l t i p l i e s  the ou tpu t

by 1/4 , 1/2 or 1 correspond ing to the range gate widths of 1/2 ~ sec , 1 ~ sec

or 2 ~ sec. A secondary line shifter operate s on the unit range vector R0 cos ~
and is used for scaling in the PPI mode.

4.2. 3 PPI Mode - True 12 x 12 Multipl ier s

• In the PPI mode, the projected range , R0 cos e, is broken up into its

X ( E a s t - W e s t )  and Y (Nor th -Sou th )coo rd ina t e s .  The az imuth  ang le e is measured

f rom the North-South line such that

X R cos ~ cos e
0 0

and
Y R cos ~ sin ~

* 

0 0

Since R0 cos 0 had already been established in one of the fixed constant

multipl iers , two othe r mul t ip l ie rs  are  used to es tab l i sh  X and Y , the unit
4 component vectors for the PPI display.

• The 12 x 12 t rue  multipl iers  Consis ts  of an a r ray  of partial product

t e rms  added in a pyramid s t r u c t u r e  ve ry s imilar  to the fixed constant  multi-

plier.  The part ial  product t e rms  and summation pyramid  are  detailed in the

schematic drawing of the 12 x 12 multipl iers .

Card 2 of the coordinate  conver ter  thus develops the uni t  a l t i tude

sin ~~, the unit range R 0 cos ~~~, and the component vec to r s  of the unit range

R cos cos B and R cos ~ sin B all evaluated in k i l o m e t e r s .
0 0

4. 2.4 Address Accumulators - Card 2 and Card 3

The unit  coordinates  have been der ived for the f i r s t  range cell. Coor-

d ina tes  fo r  other  range cells can be easil y bbtained by tak ing  advantage of the

fac t  that  the range cell numbe r increases  l inear l y in a radar .  Thus , the

4-4

~ 

1 ’ T ~~~~~:
’
~~~:~~.~~~~ 

-



r

c o o r d i n a t e s  fo r  range  cell j 1 a r e  the c o o r d i n a t e s  f o r  r ange  cel l  j added  to

• t he  va lue  of the r e s p e c t i v e  c o o r d i n a t e s  of r ange  cell  1. This a c c u m u l a t o r

type s t r u c t u r e  is shown in the b lock d i a g r a m  and is repeated  1 times in the

coord ina te  c o n v e r t e r .  The unit  v e c t o r s  a re  loaded into - each a c c u m u l a t o r  at

the beg inning of each radar  period and at the  same t ime the old data is c l e a r e d

out. The accumula tor  is clocked by the range  gate clock of the i n t e gr a t o r  to

form the ca r t e s i an  coordinate  a d d r e s s e s .

For the R I-fl mode of operation , the Y address corresponds to the scaled

altitude and the X a d d r e s s  is the scaled range .  For the PPI or CAPPI mode of

ope rat ion , the Y address corresponds to the North-South component of the

range vector and the X a d d r e s s  cor responds  to the  E a s t - W e s t  component  of

the range vector .  The mode swi tch  con t ro l s  the mul t i plexe r to se lec t  the

appropriate coordinates  as shown in the block d i ag ram.  A f t e r  the mul t iplexe r ,

cons tan t s  control led by thumbwheel  swi tches  can be added independent l y to

the X and Y coordinates  to a f f e c t  t r ans l a t i on  in both d i r e c t i o n s .  A hard  l i m i t e r

c i rcu i t  is used to prevent  overf low and e r r o n e o u s  addres ses .

4. 2. 5 Range and Altitude M a r k e r s

The outputs of both the range and alt i tude accumula to r s  a re  in k i l o m e t e r s

(see para. 4.2,2) i.e., the 13th bit is 1 K M ,  the  14th is 2KM , etc. Detection

of the clock cycle at which time the bit corresponding  t o  a p r e s e l e c t e d  r ange

changes  state is used as the marker  pulse.  The c ir c u i t r y  c o n s i s t s  of compar ing

the selected bit with the same bit delayed one clock period in an exclusive or

c i rcu i t  to fo rm the marker  pulse. The marke r  pulse goe s through the

synchronizer  to produce the range mark enable ( RME) si gnal.

4 . 2 . 6  CAPPI Mode

In the CAPPI mode , the antenna sweeps 360°, or a segment  the reof , at a

s ing le e levat ion ang le and upon reaching its s t a r t i n g  or t e r m in a l  pos i t ion  ( f o r

less than 360 0 sweep) the elevation ang le is incremented and the process is

repeated.  A typica l  CAPPI will use the fol lowing e l ev a t i o n  ang les , 0 , 1 , 2 , ~~,

4, 5, c , 7, 8, 9, 10 , 11 , 12 , 14, 16 , 18 and 20°. This volume scan permits
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I
t h e  o per a t o r  to cr u d e l y e s t a b l is h  a map of a p r e s c r i b e d  a l t i t u d e  or many  a l t i -

tuc les , s ince , in gene ra l , each r a d a r  beam wi l l  pass  t h r o u g h  all  poss ib l e  alt i -

t u d e s .  By c a r e f ul l y s el ec t i ng  and s to r ing  t h e  i ncoming  data , it is pos s ib l e  to

develop a c onstant  a l t i tude  PPI map at any g iven a l t i t u d e .  B e c a u s e  the  e l eva t ion

ang le of the antenna is i n c r e m en t e d  in small  s teps , a map at p r e c i s e l y the

d e s i r e d  e leva t ion  would prov id e v er y  few sample points ;  it is the  es t a b l i s h e d

p r o c e d u r e  t o  sample  the  e leva t ion  at or near  the d e s i r e d  e l e v a t i o n .

F i g u r e  4 -2  shows a c o n s t a n t  a l t i tude  i n t e r s ec t i n g  t h r e e  d i f f e r e n t  ang le

v e c t o r s  or rays .  The solid l ine s r e p r e s e n t  the CAPP I e leva t ion  ang les and

the dotted line s r ep resen t  e l eva t ion  ang les be tween  the CAPPI r ay s .  For eleva-

tion angle ~j ,  i n fo rmat ion  is recorded  when the  a l t i tude  reached by the  alti-

tude vec tor  associa ted  wi th  the ray at t~ j ~ 1/2  is equal to  the p r e s e l e ct e d  alti-

tude , similarly the data r e c o r d i n g  is stopped when the al t i tude reached  by the

a l t i tude  vector  assoc ia ted  with the ray ~ t j - 1/2  equals the p re se l ec t ed  a lt i -

tude.  From the d iagram , it can be seen that the re  are  no gaps in ob ta in ing

all the al t i tude in format ion  for  a p rese lec ted  al t i tude as the beam inc remen t s

d i s c r e t e ly in elevation ang le.

In the coordinate  conver te r , the al t i tude is developed in the a l t i tude

accumula tor  f r o m  the unit a l t i tude vec to r  R sin ~~. A unit hi g h al t i tude v e c t o r

R
0 

sin (~ + 1 / 2 )  and a unit  low altitude vector R 0 
sin (~ - 1/2) are also developed

and in t roduced into the i r  re spect ive  accumulators  to f o r m  the hi g h and low

al t i tude  a d d r e s s e s  respect ivel y, AH and A L.

For small angles, the approximations

sin (~ + l°) ’~ sin~ + sin 1
0

and

sin (,~- f )  sin ~ - sin 1

w e r e  used.

The se lec t ion cr i t e r i a  for  a prese lected  al t i tude A~ is the fol lowing:

A
L ~ 

A . � A
H 

; s tore data in ~th 
memory

For each altitude , two comparators  are used and a re  shown in the d i ag ram

of card 2.
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4 . 2 . 7 Coord ina te  C o n v e r t e r / I n t e g r a t o r  I n t e r f a c e

The Coordinate  C o n v e r t e r  is sla~/ed to t he in te g r a t o r  by us ing  the radar
t r i g g e r  and range gate clock f r o m  the  i n t e g r a t o r .  Sy n c h r o n i z a t i o n  be tween  the
Coordina te  Conve r t e r  and the i n t e g r a t o r  is the major  reason for  s lav ing

the coord ina te  conve r t e r  to the i n t e g r a t o r .  However , sync h r o n i z a t i o n  is not

s u f f i c i e n t  in order  to fo rma t  data ra tes  g r e a t e r  than  0. 6 MHz , t he f ast e s t  da ta

ra te  the memor i e s  can accept . For ins tance , it would be impossible to accept

1 M s e c  range g a t e s  d i r e c t l y f r o m  the integrator , but  it is poss ib le  to r e c e i v e

a l t e r n a t e  1 ~z s e c  range  ga t e s  f r o m  the in t eg ra to r  during one radar  per iod and
the p rev ious l y non-se lec ted  1 ~zsec  range gates dur ing  the second radar  per iod .

This is poss ib le  because the i n t egr a to r  has hold ing  loops alread y bui l t into i ts

output c i r c u i t ry  and , simply by se lect in g the s t a r t i n g ran g e g ate in a se quence ,
it is poss ib le  to s to re  all of them.

A s imple block diagram and timing waveform is show n in Fi gures  4 -3  and
4-4 . The radar  t r igger  passes th roug h a modulo 2 and modulo 4 counte r . The

output of the counter  con t ro l s  a mult iplexe r , the inputs  of which are gate pulses

that start on eithe r the first , second , third or fourth pulses. These gate pulses

are used to gate the range gate clock that ul t imately d r i v e s  t he accum u l a t or s .

The coord ina te  add re s se s  a re  s trobed by means of a 2 ~~sec cloc k in to  t he

s y n c h r o n i z e r .  The 2 ~isec clock is also 
derived from the gated r a n g e - g a t e -

clock and a modulo ri counter  wn ere  n depends on the r ange  g a t e  w i d t h .

4. 2. 8 Syn c h r o n i z e r

The Coordinate Converte r and the memory unit run on i n d e p e n d e n t  clock-

ing signals and the synchronizer is the mean s for interfacing these tw o  a s y n c h -

ronous  s y s t e m s .  The memory  can accept  data at a ra te  not to exceed 0. M h z ,

and t he s y n c h r o n iz e r  will work at any input data rate provided  the m a x i m um  0.

NlIl z rate is not exceeded.

• The s y n c h r o n iz e r  input data cons ist  of S h i t s  each of N , \‘ and v i d e o

information , RME , and 4-bits of memory select in,formation(the store commands) .

Si nce t h e s e  29 b i t s  come in para l lel , ope ra t i on  of the  s y n c h r o n i z e r  can he

unde r s tood  by c o n si d e r i n g  a s ing le b i t .  Fi gure  4 -5  is a s impl i f ied bloc k
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d i agr a m  of the  sy n c h rG o i z e  r and the timing waveforms s h o w i n g  t h e  op e r a t i o n

of the  s y s t e m .  Incoming  data a r e  s tored in one of two 1)-type r eg i s te r s  s u c h

that each DA PA BIT is s to red  f o r  2 c lock ing  cyc le s .  The p ur p o s e  of the

s y n c h r o n i z e r  is to insure  that the data are  “ good° , 1. 3- ., t h e r e  is no chance of

a data ed ge or change du r ing  the t ime that  the m e m o r y  c lock  s t robes  out the

data .  It can be shown that at least one of the data inputs to the multi plexe r

~vill not change durin g the s t robe  time (pos .  ed ge)  of the memory clock.  By

s t robing  ( C0 )  into a D-EDGE reg i s t e r  using the negat ive  ed ge of the memory
2

clock will provide an output signal that can control  the mult ip lexer  to se lec t

the signal that is guaran teed  to be ‘ good” by the time that the posi t ive  ed ge

of the memory  clock comes along. Notice that there  can be an ambi gui ty  in

Q. i t se l f , i. e. , assume ( C 0 )  is chang ing at the time the negat ive  ed ge of the
2

memory clock a r r i v e s .  This ambiguity,  however , does not produce  an ambi-

guity at the t ime the posi t ive ed ge of the memory clock a r r i v e s, fo r  r ega rd less

of which reg is ter  was selected by the multiplexe r , the data  in e i ther  r e g i s t e r

cannot  cha nge fo r  2 ~sec (the C 0 clock per iod)  and the data wi l l  be s t robed

out in . 8 ~~sec , hence,  the data will be good.

If on the othe r hand , we look at the si tuation in which  t~~e data a r e  c~ i an ~~in~

in one of the s torage reg is ters  at the time of a p o s i t i v e  go in g  edec of t h e  n e r t l o r v

clock , we find tha t the multiplexe r always s e l ec t s  the  o the r  r e e C s t ~ “. Data c a n

be clocked out twice as shown in the example (data  o 2 and ~~F ) , hu t  w i l l  ca -~ ’~e

no problems in the sys tem since it imp lies  tha t  the same da ta  ~vi l l  he r e l C ’ er ed

at the same memory locat ion, causing no change .  The S y f l (  h r o n i i.e r i-  on

card  3.

4. 2. ~ Ang le In te r face  Timing

On card 1 is the ang le i n t e r f a c e  t iming which o p e ra t e s  the  un ~ rol l i ne s

of the multiplexe r and the con t ro l  line of the s in / c o s  c o n v e r t e r  as ‘veil  as nr” -

viding an inhibit line for  the S /I) conve r t e r s .  At the s t a r t  of each r a d a r  pe r~~ C : .

a ga t ed  delay line oscil lator  is tu rned  on and drive s a c o u n t e r .  The c o u n t e r

is decoded to derive the approximate  cont ro l  line code to ob ta in  t h e  desi re ’i

f u n c t i o n  of e i ther  sin 8 , cos 8 , sin ~ or cos 0 .  When th i s  f u n ct i o n  is ava i~ (c , 4

it is s t robed  into the appropriate  D - r e g is t e r  shown in the b lock  d i a g ra m .
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This is done onl y once e v e r y  r a d a r  per iod , he i npu t  t c i  t h e  - ‘ , r d ~~~- ’ n I L -

m uia t o r s  a re  those un i t  v e c to r  ~ t hat have  be en  ( 1 3 1 3 - r n  m e’1 on C pr e  - - ous

radar  per iod.

4 . 2 .  10 E a r t h  C u rv a t u r e  C o r r ec t i o n

A c o r r e c t i o n  t er m  is added to the a l t i t ude  a d d r e s s  to c o r r e c t  fo r  e a r t h

cu rva tu re .  This c o r r e c t i o n  t er m  is a pos i t ive  f u nc t i o n  tha t  depends  on the

flat  ea r th  range.  A ROM is used to obtain the c o r r e c t i o n  f a c t o r  f rom the  r a n g e .

A der iva t ion  of the c o r r e c t i o n  t e r m  is shown in Fi gure  4 - f i .

4. 3 Display Control Unit

4. 3. 1 Timing and Contro l  Log ic

Fi gure 4-7  p resent s  the DCU block d ia g r a m , where  it can be seen that

all timing wave fo rms  a re  obtained b y f r e q u e n c y  d iv is ion  of the 11.98804 1 ~‘ H z

c rys ta l  control led clock. Discuss ion  of the outputs of the clock g e n er a t o r ,

except fo r  R , is postponed unti l  the sec t ion  on the MIU where  these  si gnals  are

used.

The squa re-wave IL w i t h  a period of 1. 6725 mic roseconds, is i l lus t ra ted

along the X axis of Fi gure  4 -8 , which  shows the display fo rmat  along wi th

w a v e f o r m s .  Along the N - a x i s , the disp lay is o rgan ized  into ten-point  blocks

des i gnated  DXBO th roug h DXB31 ;  each per iod of R co r r e sponds  to one b lock .

Since each point r e q u i r e s  f o u r - b i t s  for  c o l o r / i n t e n s i t y  coding,  40 bits are

needed to  spe~ if y each b lock.  A memory with 40-b i t  words  has been chosen

so tha t  one word  in the memory  rep resen t s each block , 32 words  at consecu t ive

a d d r e s s e s  d e s c r i b e  a l ine , and 8192 words  c ontain the en t i re  image.

In o r d e r  to r e f r e s h  the disp lay,  each memory is sequentially read whi le

the C R T  beam scans  out a r a s t e r ;  th is  read cycle is always done while R is

hi g h , when  the  m e m o r y  a d d r e s s  multiplexer (see Fi gure  4 -7 )  routes  DXB and

DY f r o m  the s y n c h r o n o u s  scan coun te r s  to the 13-bit  memory a d d r e s s  buss

which d r ive s all  M I U s in paral lel .  Dur ing  the remaining half cycle of R , if

• t s t o r e  command  is  r e ce ived  f re rn  the DDI , da ta  is w r i t t e n  into the m e m o r y  at

an a d dr e s s  IXB 1Y 13. I Y B  is s i m p l y the  input Y a d d r e s s  f rom the DDI , IY ,

c locked  i n t o  a reg i s t e r  b y PSL . In the  cod e conve r s ion  ROM , IX is conver ted

4 - 13 
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0
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0 0 0

w h e r e  R is  r a d i us  of the  ea r t h .

L But for small angles ,

cos~~ l~~~ ... hence , h = R ( ~~~ )

Also fo r  small a n g les 0- ~~‘

~~~~~~~~~~~ 1 \V 2

Note :  R = 3900 smi 
h = R~~~~~~~~~

) 
~ =

(62 75 .  1 K m )  used in
ROM

But W~~~ R c o sc~

h~~ 
(R co~~~~ = K (R cos~~)

Fig u r e  4-6. Ear th  C u r v a t ur e  C o r r e c t i o n  To cm
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into ,~ code c o n s i s t i n g  II IXB (block se l e c t )  and X l-’ (po in t  s e l e c t ) .  As  i s

cr ibed in the MIU sec t ion , XP d e t e r m i n e s  w h i c h  one ut  t h e  ten  po int s w i t h i n

the block is to be c h a n g e d .

The log ic a r r a y  g e n e r a t e s  wave fo rms, shown in F igure  4-8 , w h i c h  a r e

f u n c t i o n s  of the scan c o u n t e r  outputs , DXB or D Y .  W a v e f o r m s  w h i c h  need to

H be f u n c t i o n s  of both DXB and DY are der ived  f r o m  t h e m ;  fo r  example:

PA = PA(X) ‘ P A ( Y ) .  The log ic a r r a y  is implemented wi th  two 32 x 8 P R O M

(Programmable  Read Only M e m o r i e s )  and a col lec t ion  of decoders  and g a t e s .

A t r u t h  table fo r  these  PROM , C 16 and DZ 0 , is tabulated in the appendix ,

while the add re s s ing  and output waveforms  are i l l u s t r a t ed  in Figure 4-8 .

In te r l aced  scann ing ,  poss ib l y useful  to f i l l  i n t e r l i n e  gaps fo r  ph o t o g r a p h ic
- - purposes , can be enabled b y removing the j u m p e r - c a r r i e r  which  ground s C2 7 -~~.

The waveforms  which r e s ult  are shown in Fi g u r e  4-8.  T iming  of the 11-drive

pulse is adjustable over a range of ±~ 
m i c r o s e c o n d s  by means of the potent io-

meter  in F28. This ad jus tmen t  can be used to cente r  the image in the  r a s t e r

of the display.

The memory func t ion  cont ro l  log ic g e n e r a t e s  SIC , SOC and R N I W  si g n a l s

(to be d i scussed  in the MIU sec t ion)  which  in i t i a t e  va r ious  type s of c y c l e s  in

the memory.  The AD GATE enable s en t ry  of a n c i l l a r y  data (con tou r  t h r e s h o l d s ,

color patche s and p a r a m e t e r s)  into the MIU.  The m e m o r y  f u n c t i o n  c o n t r o l  l o g i c

also conta ins  a f o u r - s t a t e  coun te r  which advances once per f i e ld . The o u t p u t s

of th i s  coun te r, AS , se lect  one of the four  CAPPI A L T I T U D E S  f r o m  the f r o n t

panel switches  for  en t ry  into the parameter  area of the corresponding d i sp lay .

The erase  log ic genera tes  properly timed ZID signals which cause all

zeroe s (black) to be w r i t t e n  into the memory  at all a d d re s s e s  in r e s p o n se  t o

an ED signa l f rom the LWCA c ontrol panel , or at all but the l e g e n d - a r e a

add re s se s  in response  to an ER signal.  The decimal point required in the

elevation ang le is located in point two , whereas  all other anc i l l a ry  data  fa l l s

into points five through nine; hence, it requires a separate signal developed

by the DPE generator. The RLS signals , needed by the  DDI , are  simpl y the

outputs of the STORE THRESHOLDS but tons  clocked by DY8 (once per f i e ld) .

4. 3. 2 Anci l l a ry  Data Format te r

In order to minimize wiring complexity of the a r r a y  of contour  t h r e s h o l d

swi tches,  encoding d iodes  are mounted on the swi tche s them selves as  indica ted

4-17
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in Figure 4-7. One switch at a t i m e  is s e l ec t ed  b y CPI t h r o u g h CPI5 (CPA
decoded , see F i g u r e  4- ’ ~ ) as t h e dis p lay r a s t e r  is s c a nn e d .  ‘r he color  sw i ’ ,
o u tp u ts  are app lied to t h e  Al) l’ ~U~-S (a 2 0 - b i t  bus s  t h r o ug h w h i c h  a n c i l l a ry  da ta
c a n  e n t e r  po in t s f i v e  t h r o u g h n i n e  of any  b lock  in n i e m o r y )  when  the C R T  scan

is located in the  co lor  pa tch  a r e a s .  S imi la r l y s to red  above each number  in the

- 

- 
l e g e n d  and p a r a m e t e r  a r e a s  is a patch con ta in ing  a BCD code for  that  n u m b e r .
The con tour  g e n e r a t o r  to  be described in the MIU section makes use of t he  so

codes  w h i c h  , t r t ’  n ut  v i s ib le  on the  d i s p lay beca use a MASK w a v e f o r m  is app lied

to  the  N I I L ’ . The n u m b e r s  t h e m s e l v e s  a re  g e n e r a t e d  in a r o w - s e l e c t  l i ve - b y-

s ev e n  al p h a n u m e r i c  c h a r a c t e r  g e n e r a t o r  ROM w h i c h  output s f ive  b i t s  in

p ar a l l e l  to  c h a r a c t e r  color encoder .  This  encoder  g e n e r a t e s  a jum per-
p r o g r a i i i m i b le  fo u r - b i t  code , now set  up as g r e e n  (0111 )  or black ( 0 0 0 0 )  f o r

e t c h  of t h e  f i ve  po in t s .

The a n c i l l a r y  data (ang le , a l t i tude, ma rker  spacing and time) a re  e n t e r e d
in to  the  c h a r a c t e r  g en e r a t o r  at the proper  t ime by an a r r a y  of mult ip l e x e r s .

The mode l i ne s , f r o m  the  f r o n t  panel mode swi t ch  via the  ang le i n t e r f a c e  u n i t ,

d r i v e  a mode decoder  wh ich  con t ro l s  the m ult i p lexers  and app l ies  the p r o p e r

al phanumer ic  ident i f iers ;  AZ , EL , AL , M , RM , or T which are hard w i r ed .
Orig in loca t ion  and range/ a l t i tud e scal ing in fo rmat ion  is stored only in two

uniq ue color patches  (See A ppendix , AJJ -21 , Fi gure  3) and not as al pha-

n urn e r ic  s.

Signals appearing on the AD BUSS or on DPE are not displayed direct ly ,

even though they are  synchronous with the ras te r  scan format .  Rather , the data

are  s tored in the memory when appropr ia te  s tore  commands are  i ssued.  Onl y
the m e m ory contents  themselves are disp layed.

4.4 Video Distribution Unit

- 
- 

Uhe VDI - ca r d con s i s t s  si mply of an a r r a y  of l ine d r i v e r s  which  s e rves

to d i s t r i b u t e  the e ig h t - b i t  v ideo si gnal f r o m  the coord ina te  c o n v e r t e r  to  a l l

l i t  the \ I I U  in pa ra l l e l .  The memory  cont ro l  l ines SIC , SOC , RMW , R M E , and ZI l )

fo r  each N I P ’  are also routed t h roug h the VDU , while  the memory clock , R ,
passes  th rou g h on i t s  way to t h e coor d ina te con ve r te r ( see  Fi gure  2 - 1 ) .

4. ~ \leniory Interface Units

The block d i a g r a m  in F igure  2-1 c o n t a i n s  fou r  M e m o r y  I n t e r f a c e  U n i t s

N’ I t )  whi h a r e  i d e n t i c a l  r a c k - m o u n t e d  d r a w e r s .  A d d r e s s , c lock, and u a t e

b u s s e s  a r e  supp l i e d  t o  t h e  N I I U  in a d a i sy - c h a i n  c o n f i g u r a t i o n  w h e r e  e a c h

4- 18

•1’ ~~~~~~~~~~~ — -, ~-~~
. -- -

- ~~~ - - —
— —‘—-—--- 

—,-
~~~~ 

,& .. 
-—~~ 

—- ‘~r~ii— .~. 

~~~



r ~~~~~~~~~~~~~~

- 

~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _

U n i t  t ap s  o f f  of a t \ v i s t e l l — p a i r  cab le  w h i c h  i s  r e s i st i v e l y t e r r n l n ; , i ( - ’~ ‘ , i i I y  a’
the las t  N1IL ( N o .  1).  A b lock  d i a g r a m  of one N U t  is p r e s e n t e d  in 1: , L , i i re 4~
the de ta i l ed  d e s c r i p t ions  of v a r i o u s  c o m p o n e n ts  w i t h i n  it  a re  con ta in , - ’ !  in pa r _

g r a p hs f o l l o w i n g  a d i s c u s s i o n  of m e m o r y  c’,a ( es , .

4 . 5. 1 Memory  Cy c les

- - The t i m i n g  d i a g r a m  in Fi gure  4 - 10  shows a l l  si g n i f i c a n t  w av e l l lr m s  m r

e x a m ples of the fou r  types  of m e m o r y  c y c l e s .  Each  c y c l e  occup ies one - ha l f

per iod  of the square wave R (shown in both  t im ing  d i a g r a m s , Fi g u r e  4 - 8  and

4- l I d , and is i n i t i a t e d  b y manual  or a ut o m a t i c  commands  l i s t e d  in Fab le  4 -1 .

The state of R de te rmine s w h e t h e r  the r a s t e r - s c a n  a d d r e s s  Dx li , DY or t h e

c od e - c o n v e r t e d  input a d d r e s s  IXB , I Y B  a p p e a r s  on the  m e m o r y  a d d r e s s  bu s~~.

As l i s t ed  in the table , each of the  fou r  types  of c y c l e s  happen s  in r e sp o n ~-e

to commands  when the r a s t e r  s c a n  a d d re s s  Dx l i , DY is in c e r t a i n  a r e a s  of

the d i sp l a y .

Fable 4 — 1 .  ~ e m or y Cy c l e s

- I \ p~- of ~~~e i i ~ , ’r v  ( y e ! ,’C onu i  man d s - - - 
- - 

- 
-
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l abl e 4 - 1  (Cont )

Li s t i n g  of Type s of M e m o r y  C y c l e s

C R Cycle Description

1 RR READ-RESTORE. Data from memory address DXB ,DY

is t r a n s f e r r e d  to the  p a r a l l e l / s e r i a l  c on v e r t e r .  U n c h a n g e d

data is r e s t o r ed  at the same a d d r e s s .  This cycle  is used

for  p rovid ing  video in format ion  to r e f r es h  the r a s t e r - s c a n

disp lay .

1 IDLE.  Do no th ing .
or 0

1 RW R E A D - W R I T E. Data f r o m  memory  a d d r e s s DXB , DY are

t r a n s f e r r e d  to the para l le l / se r ia l  conver te r .  New data ,

all zeroes for an e r a se  operat ion or informat ion f r o m  the

AD ( anc i l l a ry  data) buss  for  legend or parameter  s to rage ,

are wri t t en  into the same address .

O RMW R E A D - M O D IF Y - W R I T E .  Data f r o m  memory  a dd r e s s

IXB, I Y B  is t ra n s f e r r e d  to the modif y / r es t o r e  reg i s t e r

and log ic , then is part ial ly changed and wr i t t en  back into

the same address .  This cycle is used to ente r data into

DA.

4. 5.2 Parallel-To-Serial Converter

Para l le l  data f r o m  the memory are loaded into th is  c onver te r  at a posi t ive

ed ge of SCUK dur ing PSL - s e e  the timin g d i a g r a m  in Figure  4 -10 .  The con-

ve r t e r  is wired  as a f o u r - b i t - w i d e , ten-bi t  shif t  reg i s t e r  having a f o u r -b i t

output CV which changes at positive tr a n s i t i o n s  of ~~~LK. The t iming d iagram

descr ibes  which point f rom which memory output appears  at each t ime in t e rva l .

The D MASK output (see Figure  4 - 9 )  is simply MASK , a si gnal which  b lacks

out the undesired a reas  of the d isp lay, delayed by th ree  SCLK per iods  so tha t

it  change s onl y at boundaries  between points  zero  and nine.
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4. 5. 3 Color  Encoder

The co lo r  encoder  (see block dia g r a m  in F i g u r e  4 - 1 1 )  a c c e p t s  the four-

bit output of the p a r a l l e l - t o - s e r i a l  conve r t e r , and if DM ASK is f a l s e , ou tpu ts

t h r e e  ana log  vo l tages  to d r ive  the red , g r e e n  and blue v ideo  i npu t s  on the  co lo r

mon i to r .  The three  ident ica l  D/A  c o n v e r t e r s  only have t h r e e  h i t s  each , hut

n e v e r t h e l e s s  it is possible to g e n e r a t e  512 d i f f e r e n t  c o l o r/ i n t e n s i t y  outputs .

Vo l t ages  at each output take on ei ght d i f f e r e nt l eve ls  r a n g i ng  f r o m  z e r o  ( b l a c k )

to one volt (ful l  i n t e n s i t y ) ;  the output loading m u s t  be 75 ohm s t h r o u gh v ideo

coaxial cable.

The color encoder is programmable ; that is , for  each of the sixteen

possible  states of the input CV , an a rb i t r a ry  set of analog output vol tages can

be programmed by means of switches.  The switches are a r r a n g e d  in column s

by colors , as shown in Figure  4 -11 , where  an example of one possible  p r o g r a m

is shown. Within each column are  three sub-columns which c o r r e s p o n d  to the

bit  wei g ht 1, 2 or 4; finally, each switch in each sub-column in numbered  f rom

0 to 15 to denote CPA (Color Patch Addre s s - s ee  Figure  4 -8 ) .  In the example ,

the relat ive video values l is ted are obtained by simply adding the bit wei gh t s

for  each color at each CPA.

4 . 5 . 4  Modif y / R e s t o r e  Logic,  Reg i s t e r  and Multi p lexers

The RMW memory  cycle is fundamental  in that it provides the means by

which new data a re  e n t e r e d  into the d isp lay area.  D u r i n g  the t ime when R is

False and IXB , IYB is on the memory address  bus s , if a s tore  video command

occurs , t he  fo l lowing sequence of events take s place ( r e f e r  to Fi gure 4 - 9 ) .

The 40-bi t  memory  output DO is loaded into the modif y / r e s t o r e  reg iste r at the

posit ive ed ge of R M W .  In the modif y / r e s t o r e  log ic , one point ( f o u r - b i t s )  as

selected by the XP buss , is changed to whatever  CIC (Color-I n tens i ty  Code )

happens  to be. The other nir .e point s are unchanged.

If D E L A Y E D  RME is t rue , the selected point is writ ten back as 1111 , the

code rese rved  fo r  range markers.  If a point is found to contain code 1111 by the

COLOR 15 DECODERS , it is writ ten back as 1111. Since these events happen

when R is False , the AD and DP multiplexers  are switched so that all 40 bits

f rom the modif y/ r e s t o r e  log ic go ri ght back into the memory where they a re

wr i t t en , still  at the same address , when SIC comes along.
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As is e v i d e n t  f r o m  Table  4 - 1 , t h e  i n t e r v a l s  w hen R is F a l s e  h a v e  h e a - t i

r e s e r v e d  f o r  R N t \ V  c y cl e s , no m a t t e r  w h e r e  the r a s t e r  scan c o u n t e r s  happen

to be. Thus , a new input  data poin t  can be accepted  once e v e r y  ta - n od 0f

R (1 .  ~‘7~~5 ~se c) .  Du r i n g  the  same  per iod , t en  a d j a c e n t  point s ar e  ou tpu t  to

t h e  co lo r  e n c o d e r . Th i s  t e n - t o - o n e  d i f f e r e n c e  in da ta  r a t e s  r e s u l t s  f r o m  t h e

m e m o r y  o r g a n i z a t i o n  emp loyed and t h e  f ac t  t h a t  the  i n p u t  a d d r e s s e s  a re  in

r andom order , w h i l e  the  output  a d d r e s s e s  a r e  in s equen t i a l  o r d e r .

W h e n  a n c i l l a ry  data or z e r o e s  f o r  e r a s e  a re  being w r i t t e n  into  the m e m o ry

in R\V c y c l e s , points two and f i v e  t h roug h n ine  can be changed s i m u l t a n e o u s ly

by means of the DP and AD mul t i pl exe r s .  Anc i l l a ry  data e n t e r s  t h r o ug h the

20-b it AD mult ip lexe r when AD GATE is t rue , while  DPE causes  a 4 - b i t  j u m p e r-

p r o g r a m m a b l e  code fo r  the color  of the dec imal  point to be app lied to poin t

two. ZID ze roes  all 40 b i t s  dur ing  e rase .

4 . 5. 5 Con tour  G e n e r a t o r

The low -’r half of Figure  4 -9  is the contour  gene ra to r  which accep ts  one

8-bit video word and RME eve ry period of R and pre sen t s  a cor responding f o u r -

bit  d C  (colo r/ in tens i ty  code) and delayed R M E  as its output . Contour  t h r e s h o l d s,

both colors  and levels , a re read from the memory when the r a s te r  scan is in the

appropriate pat ch (see Figure  4-8)  and are  s tored in reg iste r f i les  - -  small ,

fast  memories capable of simultaneous reading and writ ing at d i f f e ren t  a d d r e s s e s .
Data from the regis ter  files is used in a successive approximation al gor i thm t a
determine which CIC to assi gn to a g iven video input.

The incoming  di g ital  video is both scaled and converted to BCD in a ROM

ma de up of two 256 x 4 PRO M , D9 and D l 0  fo r  which  t r u t h  tab les  are  included

in the appendix . The ROM output is clocked by PSL into the V r e g i s t e r  where

it remains  available to dr ive  the comparator  dur ing the remainder  of the period

of R. The example at the bottom of Fi gure 4- 10 shows a di gi ta l  video input

which has a value such that it should be ass igned  the color  which has been

entered into CPA 13 . The success ive  approximat ion  reg i s t e r  state RA a lways

beg ins as seven whereupon the contents  of the l ’ s and 10’ s reg i s t e r  f i l es at

read add re s s  RA = 7 are compared with V. The decis ion made in the  c o m p a r a t o r

d e t e r m i n e s  tha t  the next s ta te  for  RA should be 11 ( the o the r  a l t e r n a t i v e  is t h r e e ) ,

and the p r o c e s s  cont inue s to  repeat  in th is  m a n n e r  unt i l  f o u r  d e c i s i o n s , co r r e s -

ponding to  1( 1 h i t s , have been made .  The f i n a l  answe r of RA 13 then a d d r e s s e s
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t i l e  ( I l l o r  l a t c h  Rt -g is~~- r  I - i t t -  w h i c h  pr o v i d ei - i  a f n 7 l r — b ~ t t ode to he loaded into

t he CIC r e e C s t e - r by  ( h - . .  I h0 - 1 - 1 - l I d I , n t l I l l r  g en e ra tor  cyc le  at the ( ew e - n

rig ht of I - ittu re 4— 10 s ho w s  t I  1 pe-~ WI ~ - t t a t e  of RA fo r  each s tep.

I h e  t i m e i n t e r - - t i  a t l e r  ( ( 1 .  is r o s e  r v e d  f o r  w r i t i n g  da ta  in to  the  t h r e e

reg i s t e r  r i l e s , as c on i m at l ( i e d  I 7 V  t ) C O  ( C  roe w r i t e  s t r o b e  s i g n a l s  1 ST , 10 ST

and CPST. The w r it e  a d d r e s s  app l ied  to  ~he reg i s t e r  f i l e s  is CPA , and the

app rop r i a t e  w r i t e  s t r o be  s i g n a l  is g a t e d - o n  when the  r a s t e r  scan is in t h e

proper  pa tch .  Al thoug h each p a t ch  con t a in s  a f i v e - by - f o u r  a r r a y  of i d e n t i c a l l y

coded point s , onl y one is needed  to be w r i t t e n  in to  the  reg i s t e r  f i l e s . P o i n t

ei g ht has been a r b i t r a r i ly c h o s e n  and is thus  loaded in to  the D reg i s t e r

( F ig u r e  4 - 9 )  at PSL so tha t  it can be en te red  i n t o  the  p r o p e r  reg i s t e r  f i l e  w h e n

the c o r r e s p o n d i n g  w r i t e  s t r o b e  si gnal  o c c u r s .  Four w r i t e  s t r o b e s appear

d u r i n g  e a c h  f i e l d  f o r  e v er y  w r i t e  add r e s s  of the  r eg i s t e r  f i l e s .

4 . 5 . ~ W r i t e  Da t a  and Read Da ta  B u s s e s

I n c  WD and RD four - bit b u s s e s , d a i s y - c h a i n e d  t h r o u g h t r i e  MR as  ir e

the  et h e r  b u s s e s  ( s ee  Fi g u r e  Z -1), permit direct access to :im ~y Image  point

in  the me 1171Cr  y.

W h e n  the  M W E  c o n t r o l  line is ac t ive , the  m u l t i p lexer  at the  b o t t o m  1, 1

F i m ~u r e  4 -9  c o n n e c t s  the WD b u s s  d i r e c t l y to the  CIC i n p u ts  of the

M e d i f y/ R e s t o r e  Log ic. The Range  Marke r Enable  si gna l  is s i m ul t a n e ou s l y

r e n d e r e d  i n o p e r a t i v e .

W h O I C  t t Ce MDE c o n t r o l  l ine is act ive , a tn — s t a t e  d r i v e r  sho\L n in

}- n tu r e  4 - 9  d r i v e s  the  RD bus s w i t h  a f o u r -b i t  code c o r r e s p o n d i n g  t O  one of

the t e n  p o i n t s  c u r r e n t l y ava i l ab le  at the  m e m o r y  ou tpu t .  The DDR mult i-

pl e x e r  s e l e c t s  t h i s  po in t  as a tu n c t i o n  of the  s t a t e  of the  N P  B u s s .  T he RD

b u s s  d i f fe i- s f r o m  all o t h e r s  in t h a t  s i g n a l s  f low away  f r o m  t h e  M I C ;  m o r e

t h a n  one MDE or CDE c on t ro l  l ine canno t  be a c t i v e  s i m u l t a ne o u s l y l e s t  t h e

buss  d r i ’ - e r s  p e r i s h .
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4. 5 .7  C u r sor  I n t e r f a ce

W h e n  the  C U B  ( C u r se r  Un l l la r ik) c on t r o l  s igna l  is a ct i v e , a c u r sor

co lor  cod e is app lied to  the  CV i n p u t s  of t he  co lor  en c o d e r  i n s t ea d  of t he

• p a r a I l 1 - l / s e r i a l  con v e r t e r  out put .  T h e  col or chang e log ic e n s u r e s  v i s ib i l i t y

of th e c u r s or  b y d e f i n i n g  i t s  code as ze ro  (b lack)  excep t  wh e n  the  point b e i n g

co v e r e d  b y the c u r s o r  ( h e n c e  the back ground ) is a ny  of c o l o r s  z e r o  t h r o u g h

t h r ee. In the  l a t t e r  case , the c u r s o r  appea r s  as the  j u m p e r - p r o g r a m m e d

co lo r , pr e s e n t ly w ir ed  as  color seven  (lig ht g r e e n ) .

The  l ead ing  ed ge of the  CDE ( C u r s o r  Data Enable)  c o nt r o l  s ignal  e n t e r s

the  c u r r e n t  f o u r - b i t  w o r d  at t he  p ar a l l e l/ s e r i a l  c o n v e r t e r  ou tpu t  i n to  the

cur sor  da ta  reg i s t e r .  As long as CDE r e m a i n s  a c t i v e , th i s  word  a p p e a r s  on

th e RD b u s s .  Individual  MIUs a r e  pr o t e c t e d  a g a i n s t  s i m u l t a n e o u s  o c c u r r e n c e

of MDE and CDE; CDE has  pr i o r i ty .

4. 5 .8 F u l l - S c r e e n  Opera t ion

W h e n  the FSE ( F u l l - S c r e e n  Enab le )  c o n t r o l  l ine  is a ct i v e , t h e  MASK

w h i c h  n o r m a l ly blanks c e r t a i n  a r ea s  among  the  a n c i l l a ry  da ta  is i n h i b i t e d .

T h i s  c ond i t ion  p e r m i t s  use of the ful l  s c r e e n  fo r  d i sp lay of da ta  ~.k r i t t e n

t h r o u g h t h e  WD b u s s .

4 .6 D i sp lay Data  I n t e r f a c e  and L W C A  C o n t r o l  Pan e l

The D i sp lay Data  I n t e r f a c e  (DDI) i nc ludes  a m u l t i t u d e  of i n te r f a c e s

n e c e s s a r y  so tha t  the LWCA c o n t r o l  panel , the  Scan C o n v e r t e r  (DCU and

MIU) ,  and the  c o m p u t e r ’ s U n i v e r s a l  Logic I n t e r f a c e  ( U L I)  can c o l l e c t i v e ly

• c o m m u n i ca t e .  These  i n t e r f a c e s  includ e A/D c o n v e r s i o n  of the t r a c k b al l

o u t p u t s , c o d e - c o n v e r s i o n, g e n e ra t i o n  of p r e c i s el y - t i m e d  c o n t r o l  si g n a l s ,

t e m p o r a r y  s t o r a g e  of da ta , r ou t i ng  of da ta , s y n c h r o n iza t ion , and s e q u e n t i a l

c o n t r o l  of data  t r a n s f er  opera t ions .  R e f e r e n c e  to the  JiDI Block D i a g r a m  in

F i g u r e  -1 -  12 , u n l e s s  o t h er w i se  spec i f i ed , is imp lied in the  fo l l owing  s e c t i o n s .

4 , b . l C u r s o r  Posi t ion

l ) I d i t , l l  b i n a ry - c o d e d  r ep r e s e n t a t i o n  of c u r s o r  p o s i t i o n  (X (  , Y C  ) is

d e r i ved  f r o m  •i me c h a n i c a l  t r a c k b a ll  de v i c e* on the  L W CA  c 0111 I l I l

See A p p e n d i x  f I r  D a t a  Sheet .
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Bi p o l ar  v o l t a g o n , ob ta ined  by Ze n er  r e g u l a t i o n  t corn t he  1 ~~ — \  l i t  i upp l i e - ~~, ~ r-

app lied ic r o s s  the  10K t r a c k b al l  p o t e n t i o i n e t t - r s .  1 he r e su l t a n t  b i p o l a r

analog si g n a l s —  — 0 1 1 C C  pr o p o r t i o na l  to  N — 0 x i s  ( 1 c 1 t — r ~g }i t)  d i s p I~~c c l i i u nt , t h e

- - othe r to  Y -a x i s  d i s p l a c e men t - - a re  low - pass  t u t o r e d  and c o n v e r t e d  to  b i n a r y  -

codcd  di g i ta l  f o r m  in Datel  ADC M A - l O l l  m o u u l t - s 0 .

The c o n v e r t e r  mod ules a re  set  up so th ut on i n p u t  v o l t a g e  of -10 ‘. u l t s

g ive s ;en all ze r o e s output , wh i l e  +9.  9951 vo l t s  y i e l d s  all  ones.  Out s ide of

thi s rang e , the c o n v e r t e r s  lim it. The Y-channe l analog vo l tage  r ange  is

+ 12  volts  ( the  las t  two  vo l t s  at e i the r end is not u sed )  and the  mos t  si g n i f i c a n t

ei g ht bi ts  of the c o n v e r t e r  out p ut are c locked into  a r e g i s t e r  to becom e YC.

The X - c h a n n el  analog vo l tage  range  has been l imi ted  by a s e r i e s

r e s i s t o r  to  -12 to ± 3 . 4 vol t s , whi le  the most  s ign if i can t  n ine  h i t s  of i ts con-

v er ter  out put a r e  c locked in to  a reg i s t e r  to become XC. Al thoug h the X

ana log  vo l t age  is l i m i t e d , it is poss ib le  to exceed XC = 319 , wh ich  is beyond

the ri g ht ed ge of the  s cr een .  This  c ondit ion is d i s c u s s ed  f r o m  an ope ra t iona l

s tand point  in A J J -2 1 , see appendix .

lu o r d e r  to r ema in  compat ib le  wi th  In te rda ta  no ta t ion , YC and the

l ea s t - s i g n i f i c a nt  ei ght b i ts  of XC a re  numbered  with the  mos t  si gn i f i c an t  bit

hav ing  the least  s u b s c r i pt- - jus t  opposi te  to all o ther  s c a n- c o n v e r t e r

d o c u m e n t a t i o n .  The MSB of X is handled s e p a r a t e ly as XCM; for  an il lus-

t r a t i o n  of d i s p lay  a d d r e s s i n g  c o n v e nt i o n , see F i g u r e  2 of AJJ 2 I  in the

A ppendix .

The se l f - c locked, s u c c e s s i v e- ap p r ox i m a t i o n  A/D c o n v e r t e r s  beg in a

conver s ion  once per  r a s t er - s c a n  field , at the t r a i l i n g  ed ge of D Y 7 .  Co n-

ve r s ion  is inh ib i t ed  w h e n  SDG , the send-da ta  gate to be d i s c u s s e d  la ter , is

t r ue . This  f e a t u r e p reven t s (XC , YC) f r o m  chang ing d u r i n g  a da t a  t rans -

ac t ion .

*See A ppend ix  l I l r  Data  Sheet .
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4 . b .~~ Cur sorGen erat iun

The c u r s o r, a I l l i l v e - a l i l e  s i ng le point  on the  s c r e e n , i s  mad e t o  a p pea r

by the g e n e r a t i o n  of a n ar r u \~ pulse  prope r l y t imed w i t h  r e s p e c t  to  t he -  r a s t e r

s c a n . This  pulse is app lied to  the  C UB  input  (desc r ibed  in S’-  ( 1 1 , 1 1  -1 . ~ . 7) of

each  MIU having i t s  CURSOR ON/OFF swi tch  in the  on ( i l l u m i nat e d )  st a t e .

Exce pt f o r  the  S low-Read  case to be d e s c r i b e d  la ter , XC and YC pa ss

th rough  the  di g ital mult i ple x e r s  shown.  The code c o n v e r s i o n  ROM ( t he

same as tha t  in the  D C U )  develops  the special  code used in  t h e  DCU f u r

g e n e r a t i n g  X a d d r e s s e s, so that  a digi ta l  compar i son  can be made  d i r e c t l y .

Tile r a s t e r  scan  locat ion is defined to the n e a r e s t  10-point  block by DY and

DXB f r o m  the  DCU.  The s ta te  of the m o d - l O  counter  d r i v e n  b y SCLK and

r e s et  by PSL d e f i n e s  the locat ion of a point wi th in  that b lock .  When  the

scan locat ion equals  the c u r s o r  locat ion , the c o m p a r a t or  MATCH output

becomes  t rue  and the log ic shown g e n e r a t e s  a C U B  ( c u r s o r  unbiank)  for

those  d i sp lays  having the i r  c ur s o r  swi tched  on. The c u r s o r  is made to

blink wi th  a 0 . 5 second period in o rde r  to make it easy  to f ind and to see

wha t  color  it c overs .  The bl inking can be disabled by clos ing s w i t c h  1 on

C26 of the DDI . The compara to r  is disabled when the DXB S ± DY 8  si gnal ,

cor respond ing  to  the ve r t i ca l  and hor izon ta l  blanking in t e rva l s , is t rue .

4 .6.  3 Ful l-Screen Enable

The fl i p- f lops  which are set b y the  ERASE DISPLA Y but tons  and r e s e t

by signal s RLS (f rom the DCU and the  STORE THRESHOLD b u t t o n s ) ,  si m p l y

g e n e r a t e  the FSE ( f u l l - s c r e e n  enable)  si gna l s .  When  FSE is t r u e  for  a

g iven d i sp lay,  the mask  which  normal ly su rround s the color pa tches  and

al ph a n u m e r i c s  is d isabled so that the ful l  s cr e e n  can  be used .  FSE is

inhibi ted dur ing  r et r a c e  t ime i n t e rva l s .

4 .6 . 4 A d d r e s s  Multi plexer

The mu l t iplexer  at the c e n t e r - l ef t  of the  DDI block d i a gr a m  se lec ts

w h e t h e r  the DCU input s are  to be d r ive n f r o m  the  coo rd ina te  c o n v e r t e r  out-

put s ‘s t h e y  no rma l ly a re , ‘r  f r o m  the anal y z e r .  It s e l ec t s  t h e  X and Y

scan c o n v e r t e r  output s for  app l i ca t ion  to the  DCU a d d r e s s  i n p u t s  IX , Fi’
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w h e n  any s tore  command  is ac t ive  (MBA LOGIC ZE RO) .  In t h i s  ca  Sc- , t h e

n i n t h  (mos t  signi f ic:~nt )  X bit  is fo rced  to z e r o  and s t o r e  command s are

d i sab l ed  for  X = 255 s ince r ada r  da ta  m u s t  not appear  in the  a n c i l l a ry  data

a r e a  w h i c h  beg ins  at X 255 ( s ee  Fi gure  4 - 8) .  W h e n  all s to re  c o m m a n d s

are inac t ive , MBA is t rue  and the DCU a d d r e s s  input s a r e  d r i v e n  b y the

output s of t e m p o r a r y  da ta  s t o r age  reg i s t e r s  YA , XA and XAM .

4 . 6 . 5  L W C A - D I S P LA Y  Con t ro l s

Tile log ic show n connec ted  to  the READ ON/OFF and WRITE ON/OFF

swi t ches  and i n d i c a t o r s  is d e s c r i b e d  func t iona l l y by Table 1 of A J J - 2 1  in

the A ppendix.  The WSI and RSI log ic si gnals  which  d r ive  the  in d i c a t o r s  a lso

c ontrol  opera t ion  of the sy n c h r o n i z e r s  and appear  as s t a tu s  bit s at the ULI

inpu t s .

4 .6 .t  Computer  In te r face

The In t e rda t a  M4 8-0 13  U n i v e r s a l  Log ic I n t e r f a c e , d e s c r i b e d  in t h e i r

publication numbe r 29-311 , is a c i r c uit  card  located wi th in  the c o m p u t e r

i t se l f .  Line d r i v e r s  and r e c e i v e r s  for the  s igna l s  ind ica ted  as “ f r o m  ULI ’

and “ to U LI’1 in the DDI block d i ag ram have been buil t  onto the  U LI. The

signa l s  r e a c h  the  DDI th rough  a mu l t i p le t w i s t e d - p a i r  cable having connec to r s

at the  c o m p u t e r ’s convenience panel.

The ULI is always operated in its b y t e  Mode.  Data a r r i v i n g  at the  DDI

f rom the ULI on DOT 0:7 a r e  loaded into  one of t h r e e  reg i s t e r s , a c c o r d i n g

to load command s LDO , LDI and LD2 f ro m  the  con t ro l  log ic .  T h r e e  of the
, i - ~~~r defineab le  command bits  COT 4 :6 and mos t  of til e con t ro l  lines are

used to dr ive  the control  log ic , caus ing  it to change  state ( it s the compute r

exi~cutes I/O instruction s with device  n u m b e r  X ’8B ’)  a c c o r d i ng  to t h e

d iag ram in Fig u r e  4 ol A J J -2 l  in the A ppendix. The c o n t r o l  log ic is  imple-

men ted  as a f o u r - b i t  s equen t i a l  m a c h i n e  wi th  two f i e l d - p r o gr 1 t mr - i -iable

• 32 x 8 ROMs (see  A ppendix  for data p a t t e r n s )  in i ts  feed -back pa th .  The se

ROMs have been p r o g r a m m e d  to cause the con t ro l  log ic to behave as

c h a r a c t e r i z e d  in the state d i a g r a m.  A d i f f e r e n t  sec t ion  of one ROM can  be

se lec ted  to a l t e r  the  behavior  of the co n t r o l  logic fo r  h a r d w a re  tc~~t~ c. ev e n e d

in :‘ later section.
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-l I to  R e-a d  en d W r i t e  s y n c l l r on i z e  r s  m a t c h  the  t i m i n g  I f  cc r t t i n  c o n t r o l

log ic  out put s to  t ha t  of t i le s c e l i  c o n v e r t e r .  C o n t ru l  l o g i c  ou tpu t s lu r e -  d i re c t e d

t e l  t h e  prope r d i sp l a y  c h a n n e l  b y the  de c o d e r s  show n d r i v e n  b y the  t w o - b i t
- - 

d i s p lay  s e l e c t  cod e SA r ece ived  in one ud t he  reg i s ter s .  Of t h e s e  out puts ,

MDE ( M e m o r y  Data E n ab l e )  and M W E  (Mel~1ory W r i t e  En a b l e )  d rive  the MIU

c i r c u i t r y  d i r e c t l y ,  w h i l e  t i le  SLORE (Slow Read E n a b l e )  si gna l s  p ermi t

g e n e r a t i o n  of c o r re s p o n d i n g  CDE ( C u r s o r  Data E n a b l e )  c ontrol  pu l se s

fo l low ing a su b se q u e n t  MATCI- 1 o c c u r r e n c e .  CDE pu l ses  can a l so  he

g e n e r a t e d  s i m i l a r l y f o l l o w i n g  a manua l l y in i t ia ted  send-da ta  sequence . i l i e

i n c i d e n c e  of any CDE r e s u l t s  in the  fo l l owing  ac t ions :  1) A o n e - m i c r o s e c on d

pulse is sent  to the ULI  on i ts  SATNO ( i n t e r r u p t  input ) l ine , 2 )  the  4 - b i t

word flOW on the  RD Buss is s to red  in a reg is te r acces s ib l e  to the  ULI , and

3) the  con t ro l  logic s ta te  c h a ng e s . Control  logic , s y n c h r o n i z e r, and CDE

opera t ion  wil l  be exemplif ied w h e n  s p e c i f i c  ty p e s of da ta  t r a n s fe r s  o r e

exp lained.

A mu l t i plexer , d r i v e n  b y DINS (Da ta  I np u t  Se lec t )  f r o m  the  c o n t r o l

logic , s e l e c t s  da t a  fr o m  v a r i o u s  point s in the  DDI t o  be sen t  o v e r  l)IN 0:7

to tile ULI .  Five of the ei g ht s t a t u s  l ines  SIN 3:7 ar e  used  to  te l l  the

p r o c e s s o r  w h a t  it needs  to know about  the c o n t r o l  log ic s t a t e , the  c o n d i tio n

of the  LWCA to DISPLA Y i n di c a t o r s , w h e t h e r  or not the  scan c o n v e r t e r

mode  s w i t c h  is in pos i t ion  A , and w h e t h e r  or not t he  m em o ry  bus s i s

avai lable . Examina t ion  of tile s t a tu s  b yte is en t i r e l y pass ive  and d o e s  not

a f f e c t  DDI opera t ion  in any way  (the SRG co n t r o l  l ine  is not even c o n n e c t ed) .

4 . n . 7  Data l r an s fer s

The exp l ana t ions  of the  v a r i o u s  t ype s of data  t r a n s f e r s , c o n ta i n e d  in

thc  fo l lowing  s u b - s e c t i o n s  and suppor ted  b y de ta i led  t iming  d i a g r a m s ,

pa ra l l e l  t h o s e  appea r ing  in A J J - 2 l  of the  appendix . Because -  th~ sam e

examples have been used , c o r r e l a t i o n  be tween  the s o f t w a r e -o r i e n t e d  infor-

ma t ion  in A J J -2 1  and the  h a r d w a r e - o r i e n te d  d i s c u s s i o n s  t u ,  f o l low should

provide  a t h o r o u g h u n d e r s t a n d i n g  of t h i s  i n t e r f a c e.
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4.  u . 7 .  1 W r i t e  D i s p lay  M e m o r y

-l he t h r e e  d i f f e r e n t  t y p e s 0i w r i t e -  o p e r a t i o n s  ar e  each  r e p r e - ~ v ,~t o d  i n

E x a m ples 1 , 2 and I of Fi g ur e  4 — 1 3 .  ‘1 he - l e a d i n g  ed ge 0f t he  f i r s t  CM (~

pu l se, o c c u r r i n g  in r e sp o n s e  t o  e x e c u t i o n  of an OC i n s t r u c t i o n  ~s i n ’ i i e  1t0d

in the c o r r e s p o nd i n g  s o f t w a r e  examp le , c o i n c i de s  w i t h  t h e  a p p e ar a n c e  I l l

the cod e 000 on ULI  output s COT 4 t h r o u g h t, . T h e  t r a i l i n g  e d g e  ul CMG

compe l s  the con tro l  log ic to e n t e r  s ta te  R W I .

New data (not  shown)  appear  on ULI out put s DOT 0 t h r o u g h 7 at  th e-

lead in g ed ge of each DAG pulse , while  the contro l  logic  c h a n g e s  sta te  at

each t r a i l i ng  ed ge. The mutual ly -exc lus ive  Load command s LDO , Li) !

and LD2 occur  du r ing  each DAG pulse  in s tates  RW 1 , R W Z  and R W 3 , res-

pect ivel y. The t r a i l i ng  ed ge of each LD pulse  load s the t h e n - s ta b l e  ULI

data  out put s into the appropr i a t e  reg is te r . The data  do not all r each  t h e i r

f ina l  r e g i s t er s , however , until  the last  t r a n s i t i o n  of LD2 . The ex t r a

reg i s t e r s  w e r e  added so that  all 17 m e m o r y  a d dr e s s  bit s change  simul-

taneous ly ; thus , avoiding poss ib il i ty  of anomolous  behavior  in c er t a i n

s i tua t ions .

As the control  logic leaves state RW3 , the W r i t e  s y n c h r o ni z e r  s p r i n gs

int o ac t ion , dr ive n by MWGI . If WSI is t r ue  ( w r i t e  ind ica tor  l i t) ,  the

s y n c h r o n iz e r  g en e r a t e s  an MWG ( M e m o r y  W r i t e  Gate)  pulse  s t ar t i n g  at

- 

the next pos i t ive  ed ge of the PSL clock ( f rom the D C U )  at least  Z OO nano-

seconds  a f t e r  the  cont ro l  logic s t a t e  t r a n s i t i o n .  -At t h i s  t ime , all a d d r e s s

bit s a r e  in t he ir  p rope r  reg i s t e r s , the f o u r - b i t  co lo r/ i n t ens i t y  code to be

w r i t t e n  is in a reg i s t e r  d r iv ing  the  WD buss , and the  d i s p lay se lec t  cod e

is at the  d e c o d er  se lect  input s so it can d i r e c t  the  MWG pulse  onto til e

p rope r  M W E  line.  The w r i t e  opera t ion  f or  one point is t hus  completed

d u r i n g  the M W G  pulse .  Had WSI been f a l se  ( w r i t e  i n d i c a t o r  not l i t ) ,  no

MWG would have been i s s u e d .

The  t h r e e  e x a m ples in F i g u r e  4 - 13  d i f f e r  onl y in the  pa th  t a k e n  t h r o u g h

the c o n t r o l  log ic s t a tes , as d e t e r m i n e d  by COT 4 :b (of the  c o m m a nd  by t e ) .

T h ey  each invo lve  w r i t i n g  two  poin t s w h i c h  coul d hi- ac c o m p l i s h e d  u s  in

example 3 , but in ex t n l p les  1 and  2 , e d v ; o i i t t c e  h~~s been t a ken  , l  C o l I l I l n e l ;

i n f o r m a t i o n  b e tw e e n  the point s I I r  c o m p e c t  t a b l e  I I ni ~~e n iZ i t i o f l  t O  sh o r t e n

t h e  t o t a l  e x e c u t i o n  t i m~~.

_ _ _  
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4. u . 7 . Z  Read D i s p lay M e m o r y  -

— The w r i t e  d ata t r a n s f e r  j u s t  d e s c r i b e d  c a n  be e x e c u t e d  onl y if the sc tn

con v e r t e r  m e m o r y  buss  is avai lable .  The n u r r u t a l  read d i s p lay  m e m o r y

o p e r a t i o n , i - x a i i i p le 4 in Fig u r e  4 — 1 4 , also r e au i re - s t h e  t~~u e i ~~i o r y  b u s s .  A

s lew read  t r a n s f e r , example 5 in t h e  sam e fi g u r e , d u e S  not need the  buss

but r e q u i r e s  an i n t e r r u p t  ser v i c e  rou t ine  in the sof tw o cc and l i oa y  occupy  a

l e ngt h y t i~ l t e  i n t e r va l .

T h r o ug h s t a t e  RW3 , the n o r m a l  r ead  s e q u e n ce  is t h e  same- aS  a w r i t e

s e(j u en c e , ex c e p t  t h a t  a d i f f e r e n t  c o m m a n d  b yte  is i s s u e d . W h e n  the con t r o l

log ic goe s f r o m  s t a t e  R W 3  to R4 , the  read  s y n c h r o n i z e r  beg ins i t s  v~ ork .

D ep e n -4 i n g  on the  c u r r e n t  phase  r e l a t i o n s h i p b e t w e e n  the  scan c o n v e r t e r  and

the c o m p u t e r , the  MDC pulse end s 1.31  to  3 m i c r o s e c o n d s  a f t e r  the stat-

t r a n s i t i o n .  At t h i s  t i m e , the  c o l o r — i n t e n s i t y  code for  t h e  a d d r e s s e d  po i n t

wh ich  had been on the  RD bus s d u r i n g  MDC , is c locked  in to  a r eg i s t e r  on

the DDI . Because  DINS = 0 , the output s of th i s  r eg i s t e r  r each  U L I  data

input s DIN 4:7.  N ot e  tha t  on the  DDI s c h e m a t i c , the  input s and output s ar e

oppos i t e l y n u mb e r e d ;  th i s  is anothe r case  w h e r e  the In t e r d at a  h i t - n um h er i a ~
conven t ion  c o n f l i c t s  wi t h tha t  e s t ab l i s h e d  f o r  the  scan  C o n ve r t e r .

Because  up to t h r e e  m i c r o s e c o n d s can e lapse- b e f o re  the data is

a de lay  shou ld  be p r o g r a m m e d  so tha t  t he  DRG pulse  fr o m  the MR

doe s roo t h appen  too earl ’: . This  DRG p u l s e, the r e s u l t  uf ex e c u t i o n  of a

read i n - t r u l c t i l o n —  — s e e  t he  c o r r e s p o n d i n g  s o f t war e  e xamp l e —  — t r a n s f e r s  t h e

si g n a l s  at  t h e  ULI  data  inpu t s  to  the c o m p u t e r  and s e n d s  the  c o n t r o l  log ic

hack  t o  s ta t e R W 1.  - \n o t h e r  p o i n t  c a n  now be read , or d S  i n  t h e -  ex am p le ,

a C\ I C  p u i s e  w i t h  c o m m a n d  byte O l O X l  l I X  i s s u e d  to  h l r c e  the c o n t r o l

log ic int o St  t t o ;  I .

Should t h o r -  0) 0 110 r y  b u s s  0 , 1  be a v a i l a b l e -  ( \ i  PA f a l se ) ,  t t o -  s l o w — r e - ed

s e q u e n ce  ( e x u np l e-  5 in F igu r e  4 — 1 4 )  m u s t  h o -  en i  ploy~- -d t o  o bt o in  d a t a  f r o m

t b -  image  m e M o r i e s . T h i s  se q ue n ce , t h r o u g h s t a t e  R W 3 , is  id ’ - t u -  ,il h I

t h a t  01 a n I r l a  ~l re h . Command  i t  COT t can be l e f t  i t s  a ze r o  s i n c e -  t b

f a c t  t h a t  ~ t BA is f - u se ~ ill f o r c e  t h i o -  I ) f l t  rol log ic to fo l low the  p r o p er  st 11 0

s e q u e n c e , or i t  t a n  be set  ~ O a one in  ‘- - h i c h  c a s e -  t h e  slow r i - a d 1  Wi l l  be-

p I r t I r m e d  e v e n  i f  M B A  is t r u ’- .
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A l t e r  the th i rd  DAG pu l se , the  c o n t r o l  log ic e n t e r s  s t at e  SR4 , and

the SLORG (Slow Read Ga te)  si gnal goe s t rue . While  SLORG is t r u e , the

com para tor  input s (XA , Y A )  supp lant (XC , Y C )  f r o m  the  t r ackbal l  and one

of the four  D - fl i p f lops , enabled by the SA-se l ec t ed  SLORE (Slow Read Enable)

line , awa i t s  a MATCH pu l se. When  th is  event f ina l l y happens , a CD E p u l se -

is genera ted  to snare  the  p roper  c ol o r/ i n t e n s i t y  code f rom the RD buss .

C o n c u r r e n t ly, the con t ro l  log ic goe s to state SR5 and a o n e -m i c r o s e c o n d

pulse on the ULI/ SATNO line awakens  the compute r , w h i c h  shor t l y t h er e -

a f t e r  obtains tile data by i s su ing  a DRG pulse f r o m  the ULI as in example 4 .

4 . 6 . 7 . 3  C u rso r Data Ent ry

This  opera t ion  is d i f f e r e n t  f rom read and wr i t e  in that it is manually

ini t iated and all data flow toward the compute r .  While  acquis i t ion  of the

color/ in tens i ty code at the cu rsor  posit ion (XC , Y C )  employ s the  same leng th y

wait-for-the-MATCH process as the slow read , the work is done by the

DDI be fo re  the computer  even becomes involved.

Figure  4-15 shows the c u r s o r  data e n t r y  exam ple. When  a SEND DATA

button is pushed , SDG is set to a log ic one condi t ion, a two-bi t  code SC

is stored in a reg i s te r  to desc r ibe  wh ich  button was  pushed , the  corres-

ponding SDE (Send Data Enable)  s ignal  is energ ized , and the c or r e s p o n d i n g

SDI (Send Data Indica tor)  si gnal is ac t iva ted  to l ight  the  button.  A s  did

the SLORE in the s low-read  case , the SDE enables a fl i p - f lop  to wa i t  f o r

a MATCH, which subsequentl y gene ra t e s  a CDE pulse  to get  da ta  onto the

RD buss and stuff it into the r eg i s t e r  on the  DDI. At about the same t ime ,

the cont ro l  logic is coerced  into state Cl  and a one -mic rosecond  pulse  on

the ULJ’ s SATNO input a le r t s  the c o m p u t er  that  the data is read y.

An interrupt service routine then executes instructions- -see the

so f tware  exampl e - - s o  that the ULI output s show n in Figure  4- 15 are

gene ra t ed .  The c ontrol logic t h r eads  its way t h rough s ta tes  not reached in

any other operation, while DINS changes to one and two for the first time

in any example. The la t ter  event give s the ULI data inputs  access  ( t h r o u g h

the mult i pl exe r )  to YC and the eig ht leas t significant bits of XC which are
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not allowed to change  at this  t ime sinc e SDG is still t r u e . W h e n  all data

have been obtained , the compute r  t e rmina t e s  the opera t ion  b y p roducing  a

CMG pulse , toge the r  wi th  a O I O X 1 I I X  command byte , to  fo rce  the ccnt r ol

log ic back to s ta te  I while rese t t ing  SDG by means  of the RSDG si gnal . The

SD indicator  pe rs i s t s  in its s ta te  for  an add i t iona l  h a l f - s e c o n d  so tha t

it can be seen even when the wait  for  a MATCH is of sho r t  d u r a t i o n .

4 .6 .8  Ha rdware  Tes t  Switch

Located in C26 of the DDI card , this eigh t - c i r cu i t  switch pe rmi t s

cer ta in  t e s t s  to be performed on the DDI without the ULI . The switch and

its capabili t ies are i l lustrated in Figur e 4-16.
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Am2502/2503/2504
Eig ht-Bit/Twelve -Bit Successive Approximation Registe rs

Advanced Micro Device s
Complex Di gital Integrated Circuits

Disti nctive Character ist ics • iüü’’ - ’ ,, ‘ l i , s lo i l i t y  , IS’5o t , I I I I  I’ t I : S I i t I I l  n o t  COI tS I i l idnILt i

• Co t t t a r t i s  a l l  Ill,’ stor age dod con t ro l  for SLL i . L5 ’SSiV I ’  wi l l  Ml L STD 883.
l~.rt ox i  rid Ii 011 A tO 0 Corlvt i rtO rS. I Can I fre usetl ins Set i,il 10 Isr rd  I el s.ooi s i l l - n  or ring

S Prs i vss io oo fo r t I S l i s t O In pSt C t lS l O f l  or t t o r l O , i t l o n l ,  c Ou nt er ’ ,

• Can 1
115 1 ll~ I S ’ n , s t I - l I  ins S T A R T  STOP or contit lu1li,S S Edl’ i  In ii,,i ll t+n~ tei,1 ,11i11 opt i_ a lI 1’ I l l S i l I ’ p t  -1  dll_ C fon

i’ _, r I -ds rssoi l  l i lc)llil t l i s ’ asse m blers of f~y brs d  ; t ( i I f ,1.t ,

FUNCTIONAL DESCRIPT ION lO ll ’ S  LIlA ‘ II H I ’ 5s i3 - - s I n - - I - ,  II ii~ I” l l  . 1 ,0 , ‘s-I s - - - I, 

ICe -‘5111)502 .5: -: .’l Jll .5 11 1 -S,,,011-j , ss s ’ S ct 5 1 1 1 1  t 7 - iiu TTL Sisc A O l - A  I II, ’ Il ls  is/s i”” H55J H - “ I n ’ - “ ‘ ‘I l -

0l~s5ls~- A~~, II O , l 5 l _ i T I I l iSs - _ l , l 0 , ’ Is  lii, ’ 1 1 , 5 , 1 1 , 1 1  11111 S _ r I b  i i i t l5 i _— s i- s i, nal I’nns ru ’ o  0-s 1 ,‘ l I~’ ‘0 - s i c —  Li - 1 1 1 1 _ s i  ni ,II~~. - Is ’ - ’ 1 s t . ’ ’

‘Iefl’II.lI A I Ls ’1IIV I ’  .111 III I ISI , I l , s n l , I - -  5501011 ill 0 .
~~iI i1 5 100 0 )~i 1 1  0 ” ’  lI~ 0 5 ~ ,J~ - - ‘ 

l ,~ I 000V ess,ons n y - v I I I  Isa Ic- Inns fl sI iq.5, S I s u s I I - ’sl S 05 til l ’ s s O  tO ss 11)111 J S I  Ia- t lls I s ’ o n  lO, _ , i I I I O ’ ’ ’ ’ ’ 5 ’ 1 I :0

,, - - l I l  /1 .11051 Ii II l . l ISi ’ ‘ ‘ 101050 1 1 , If l l, - l . , I l l I , - , i . l l l 1 , L w l s u I - l s ’ s ru-HIG H 1I c ,s .I  Liii - ‘‘5011 0 1 , , ’ O f3 I l O  - ‘  u — I ’ . - I ’ s 11 
-

T lsp le , 111 n 1 - I - , .01151s t - . s s ” 5 01 si , , l St Ps l ,,O s i 15, ’~ t l lat .11  - ‘ 1 t In’  C o s u t t o  I III ,, Ill), I I,iç 0 5 1 0 s I 1 ” / I  n ’ s ~e oil-l i  0 0 - I - ‘ i l _ i -

s ’Io’ nl, ’ - l i I I n 01- ,’ 1- v / C  allis c I lJ n 5 qC s lat e  w Is en lw ,IllOt c i o c k , s  LOW . iO, n’ . 5 111 b f l ,SI  t I e s : ’  I-  I . , : s\ .,. - - s 1 ,, , , . , n s l , s - 1 0 1J 1 CCI

i - - I  0 set iii s i _isp a l e S ’ s that  b old O I l ,  101 510 ’S 1 1 , 1 , 1  /1011 clua,sqe 5515 1110 Ii I I0’~ LOW , n - S o  ~~~~~~ s ’ , n- . ’ ,, I l I i5 ~l 1 O I l s —  I ‘ b ’  ‘ ‘I ’ S -

nput , -oc I, LOW i ,  HIGH t i a rA ,  u s - ,  E s u s i ’ : ,i i i 0  t i le  I S - / I l - ’ acts as ,~ 
Iii ,. Stann ‘5IllflJI

11 ,0 11150 ,s ’S .11  0 _ I  i ,_ , -a I Ie i  1 . 1 1 1 0 5 1 fl Ih,,5 . I l l — - I l n s  I l _ i l _ i  di 0111 0 I ,l~~~ l,, I,’, r I  ,,lI i l I% u l rn , I l l ,— l l . , . la l  — 

l i— l i 1 0 nI l ’ :I ’ ,lI ls’ .I .1:151 I, ’ ” - S ’ , t Ire si,st a us , tile - I L1 I I I llIl .100 f l / f l ,’ ‘ 510011  s s s s t s s u t  ~ i r l ls  ‘Ii n - i .  - ~~‘ ‘ I .  I — 1 _ Sal ’ ~
,_ -  - -  -

no ,sIslII ,sl , sn  IiIe i e q I s u e s  l,flrPll t .1111 u s ’ ’  DO ,nurput S o n ,  0 ,02502 1( 1111 - - - 1 .1 1 III . - l 5 5 A i  E I I ’ ’  i’ ll ’ 111,1 ;1i_/ I -, . I - ’I’s ’25 i1-l -

,/.~~ 1l4)4 whorl s the cloC k 110e5 Is On i U I ’,’ l~ : 1115,11 t Ill-Il ’ .110 IllS _ Ll)I11151 te, i iuq- t lss ’’ io n i: 151 1 I 
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Oh s ,’ s- -n 51 5 5 1 . 1110 lust 61500 tO Ill,’ clock t s , , , l s , t I O n , At he saline 11ev _ c ill ni, E . -:5,,u Iii nI i , - ’ -~~~- I s v  I ts -
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ORDERING INFORMATION I CONNECTION DIAGRAMS

Am2 502 Ann2503 Am2504 - Top Vtew

Package T I -o n n ie - ra ture  Order Order Olden -
Type RaI l5, ’ Nilmlni’s Nismber N , l inI l lOI  r —1

MIlIsled DIP 0 C to +75 C AM25O2 PC AM2 SO3 P -s’ -~; ;
~~ c

u-II’ s o n l s ’ n lc  DIP 0 C to .75 C AM2502DC AM2503DC ,11l,P~ d O l ’, )C I

I-l i - n I l ,’ t I c DIP 55 C l - I  ‘125 C AM25 0’2 0M  AMI’0Ili PM AM,’tIII4DM I

Hermetic Flat Pak ‘ 55 ‘ C to ‘125 C AM2502 FM AM7SO3 LM ~M2504FM -

L~~~~~
T E O

~~
P
~~ ~~~~~

Q2

~~~~~~~~~

II

,

P 3

5 

C X X  H
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MAXIMUM RATINGS (A bose which the uselul l i fe may be snnpa ited )

Stulags’ T’empe natute 65 C III ‘150 C

Tempenature (An tb iesntl Under BIas 55 C to ‘125 C

Supply Voltage to Gros irnd Putetlnial Cont inuous 0 5 V no + 7  V

DC V~~ltaqc Applied to Oulputs fo r HIg h Output Stats 0.5 V to ‘V 1 c 1 1 1 ,15

DC lns put Vo ltage 0.5 V no • 5 5  V

Output Current , 1mnb Outputs 30 mA

DC lnnput Ccii s son nt 30 m A  to s 5 0  1015-I

ELECTRICAL CHARACTERIST ICS OVER OPERA TING TEMPERA TURE RANGE (Unless O t l l l : I n - s e  Noteci l

4,512502cC -- 0 Inc A ’ l , 2 0 1 0 4 5 C  T 4 0 C In i 75 C V CC S OV 5’ s

A ’ o . 25 0 2 5 M  A 1, ,2 5 03 X M  A e - 2 ’ ,114C ’-O 14 55 C O o  - n2s C S O y  - tOo

Parameters Description Test Conditions Mm Typ , - N o .  Max , Units
___________________________ — - 

VCC - MIN., 1OH - 0.48uniA 
-

- - 

Output HI GH VsSsra ile 
- 

V t H O IV IL 
- 

2 4  3 6

V - MIN - OL - 9.6 rnrA
VOL 

- 

Outlsut LOW V ., Ita ss s 

- 
V i N ~~ V IH 0 u V I L  

0.2 
- 

04  
- 

v - ” n 1

V 10 bIspu n HI GH Leoel 
Gua lm uteed l05Pl1~ lOgIcal HIGH 2 0  - - - -

L 
- 

l’sIlut L OW Level 

- 

Guar nt e : d sss plit ioglna h LOW 

- - 
08  

- 

V ,s i t s

‘I ~
O

, n
L
~~~~~cur,,~,1i ~~~ - M A X ., yIN 0.4 V  t , O 1 6  ~~A

2 

- 
U’slI Lllall 

C urtesu s 
- MAX. ,  V IN - 2.4V 60

- - - 
1 11105 HIGH Cu,ueois 

- ~~~~ 
- M A X ., V IN - So y  

- - - 
1 0 

-

sc 
- 

Olli pu, ShlSit C lsc Ic I C u o s e s t  
- 

VcC MAX , VOuT b O , OV  - 10 25 
- 

45 
- 

nbA

I y ’ 5 O  65 85
A usn2hoO2 , — ‘ - ‘ - o n s ~

XC 65 95
- 

~~‘ °  
- 

60 
- 

80 
-

CC P51s ’s ” Supp l y C o n , ’:: I ‘ l A X  A :so 2503 ‘ 
~ , . - - 

~~ 

—°—~~~———— ‘CA

- 
‘c- ’ 

- - 
go j t i c  

-

Aui,2is04 I 
xc 

- - 
90 124 

- unA

N Il’ e 5 I c O - ’  d l  1, 111,1 us a bs  ~l ~~CC 5.O V . 2 5 C aunls le n i  ,, l l , I ,S I, l l5l l’ ,  la ,,.l~o~I

Swi tching Character istics T A 25’ C. V CC 5.OV . C L ’ l5pF

Parameters Desc ri ption M m ,  Typ . Max, Units

t 1et - Tuun Oil P lo y  CP to Output HIGH 10 26 38 ns

t i15 t 
- loin U’s Oel,S ~ CP In Gu lls-lu LOW 

- 
10 

- nB - 
28 

- — - 
ns 

-

1.101 
- 

Sen - ms r nne Data i n s s s t 
- 

to 
- 

4 
- 

8 
- 

ns

n ISI 
- 

WI - ui’ T ,oisn Starr l’ ,pou 
- 0 9 16 

- 
ns

t~11,.lEl 
- 

Tu rn Oil DeI4~ E to 0~ 1 1 1 1  HIGH , \ . , . 2 1/) 1 41 
- - 

n 3  
- 

19 
-

i5,,1 El  
- 

1 , 0 5 1  On Delay E t o O  ~l 1  1 I LOW 
- Cp - H, S - U t6 

- 
74 

- 
Its

t SOw L ICPI ,“-s ,ilnurn LOW Clo- Pu lse W ld rf l  
- 

28 
- 46 - 

ns

t~~~1iICPI ,‘,,s , n.surii HIGH C l - I c - S Po ise OI l ’S  17 211 ns

- I - 
- 

M s , , ’,: ’ Ci,nc~ F is - lSu , ’nlv 
- ts  ‘ 

75
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SWITCHING TIME WAVEFORMS
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- 
KEY TO TIMING DIAGRAM

~~~~~~~~~~~~~ _ _± _ _ _  _ _
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~~~~~~~~~~~~ 
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DEFINITION OF TERMS
SUBSCRIPT TERMS : ‘OH Output HIGH current , forced out of output VOH test

H HIGH , applyi ng to -, HIGH logic level or when used WI t h  VCC 101, Output LOW curnent , forced into the output in V OL 11(11

to indicate hig h VCC value , 
‘ I H  Reverse input load curment.

I In~ ut Negat ive Current Current flow ing out of the dev ice
L LOW , a p p l ying to LOW logic lead or whet i used w i th  VCC to Positive Current Current f lowing into the device.
snd ,cat e low ~~~ value

V IH  Miuiimum logic HIGH input vo ltaye
O Outpul

V I L  MaxImum logic LOW input voltage .
• FUNCTIONAL TERMS : V OH Minimum logic HIGH output voltage wi th output HIGH

Fan-Out T h0 ’ logic HIGH or LOW output duive capa t m i l - to  151 c ur rent  ‘ OH f low s ng out of output
ter ms o f Input Uni t Loads. V O L  Maximum logic LOW output volta ge c V l t h  Output LOW cur-
Input Unit Load One T 2 L gate Input load. In 1)1, - H I G H  Sl,i t ,’  11 s I ’nnl OL f lowing Into output
IS eq ual tO IH and in the LOW 5 111110 ib is equal to IL-  SWITCHING TERMS: ( Measured at the 1 5V logic level )
CP The clock input of t In s ’ re i j iS ts ’ n - t 101 The propagation delay f rom the clock signal LOW - H I G H
CC The conversion comp lete output This Output rernio~ o’, HIGH l s ,iIc’, I t l : : l b  to an output signa l HI G H - LOW tran si t io n
(luring a convers ion and goes LOW wf s en n a cou lvers ion sS cG rn I1 I I ’ l s  t 1, - Ps’ I tropagatio n delay f rom thi~ c lock signal LOW HIGH
D T) n+’ ser ial  data Input of the regIs ter . t r a I l S l t b l i s  to an Output signal LOW-HIGH tra nsit ion .
E The regrster enable This 5 1 1 1111 is used 1,1  ‘ -  cipand 1 ) 1 0 ’ lenI1lIi - I ’ t 505 (El I’ll propagat i on delay f rom the Enable signal HIGH
the reg Ister and wf ien HI GH forces r h ’  07 ( 1 1 )  reg ister  output LOW t nau ns l t i on  t il tf ie 0~~l1 1 I output signal HIGH-LOW t rans
HIGH and inhibits conversion When not used fo u 11* pansuon the it ion
enable is held at a LOW logic level IGrount )) 

tpiu’ (E) The propagation delay f rom the Enable signal LOW
07(11) The true output of the MSB of the u~~~,5 t lOt . HIGH tuat is it ion to 07 ( 1 1 )  output signal LOW . HIGH t ransi t ion

(1 1) The complement Output of the MSB of the negister  t 5 (0) Set up tome required for the logic level to be pnesennt at thin
0, i = 7(11) t o O  The outputs of the 0 1 5 1 5 1 1 ’ s  t f a t a  input pns or to the clock t ransi t ion f rom LOW to HIGH in

S The s tar t  input If the start  nnt put us held LOW ion at least a order for the register  to respond. The data input should nema o n

clock period the register wi l l  In’: ro ’ s s ’ t  to 07 ) 1 1 )  LOW ansi all the steady betweeni t~ m ax  a nd t 5 mtn . be f ore t he clock .

rema m n ln’ug outputs HIGH A star t  pulse that is LOW fo n a shorter t5 (S) Set up lime requsred for a LOW leve l to be pn esen t t an ths’
Iv’nIod of lime can he used if it meets the set up time require- S input prior Ill 1)si- i I s  k t rans i t oot i  fnom LOW to HIGH in onde r
mu’’nrs of the S input for Ills reg l s te u  Ill be i so-I . or time required for a h I GH li-co 1 to

a he present on S befo ne the HIGH to LOW clock transit ion Ill
DO The 5 lab data output (The D input delayed one l i t )

prevent n s ’ s u ’ t t  l o l l

OPERATIONAL TERMS : t~~)CPI The mirstm um clock pulse width ( LOW or HIGH)

‘ IL  Forward input load current required for proper registet  operat ion

B-9

-: 
‘

~~~~~~~~ a . . - ‘  - - Ssi~ tc5  ,, ‘,,,nc,,. .



--~~~~~~~~~~~~~~ - .

Am2 502/3 T R U T H  TABLE USER NOTES FOR A/D CONVERSION

I T l is- 5 s 1 1 0 , n l l  cSnr Ii,’ i s i s )  W i I l l  ‘ I  rh 1 1 1 1 0  I c I I t ’,75 I i s

I l l _ i l  i s I l ) I i I i i ’  ,I li,w / . i i l , 5 1 l’ I s — v s — I  t u  1 , 1 5 1 :  II b I ’ ’ ,,’ S l t l  I .  liii ,

Time Inputs Outputs On I l I l t - - s I r  sw sts :h inn s  t h a t  n , o l l u l i s o  a I I5 ) l  v I l Ita g i ’  level  to
11110 t i l l ’ I i tO - l I t  sw it ch  5iti~ II c u t t e n t  S wI l l  h is ’ ’ , a t”  used I

n ,1 ti s E 0~ 0 7 I
~ 

:7 14 cj
3 ~~ 0 1 d~ CC w IsIc h turul On ss,~,l l: ,s low logic I s - v - i  I i :’ -  ne su l t ius g d iq i ta l

1 1 1 1 1 l 1 ! i l  f ron t  t i l l  5 O ’ l ) l O t l ’ n  us as I s v , -  LOW That is , a 11/315-
o ‘ L i  01 - ‘5 A • X 0 A ci 1 us r i I l s n l I s i ’ s s t i ’ i l  as a low uI,il,llis ’ level , l b  i I i i s e l : t  SW i l

• ‘ 1 0~ SI L S L 0 ii ii ii H H H H . cu es are us i- iI t lt a t  t u n i s  ons w : t I ~ .1 hig h IIiq:l , level thrnti
7 1111 iI L D~ I)~ L II ‘I II H H H H One digita l output is / 1 1 1 0 1 ’ HIGH . a IlvIl s- IS t 5 ~~~i l ’

3 05 H L D5 0 / t1~ 1, s-i II H H II H seu nt iod as a high voltag in I l-u i - I

-t I t 0 L 0~ O -~ 06 U5 L II H ii H H ‘ 2. For a n’uIdX liill,iltl dig ital so t n s i t  Ill ‘~ ‘1LSB I l ls: coni’sp at inl i i

5 0~ I-I L , l 07 I) - 0,- 1 L I-I H H H 
- 111115 1 15-’ l s la ’ 5 s - I I , Ii c u i ne nt  swi tc lses t l s a t  Inq u i re  It 1115 1!

6 D H L 0 0 U 0 1) ~ L ~ H H 
I vo ltage level to lviii on ar c - used , II: ,- c o nu i pa nator  ‘2 111,1111

2 3 7 I, ~ ~ be biased ‘ ,.LS B JI l l)  i f  the cur ren i l  sw i tc l nes 1.1 10/I ’ a
1 D~ H L 07 07 D~ 05 )~ 03 07 L H H high logic level to turn on then I l l -  I : l i ,n i Io ,s ,s t i l n  must he
8 D~ ii L 0

~ 
07 06 05 1)~ 03 02 0 t L H biased - 0LSB

9 X H L 0
~ 

1)~ D6 D5 04 03 02 D~ D~ L 3 The register , by su itable se lect io n Ill res is to r  ladder m e t ’
10 15 X I ci 0 7 06 05 04 03 02 0 t D~ L work , Car l be usso il to pynr fot m S I l o- I  l c i ’ a o y  or BCD 

-
co nversion .

X X H  A H NL NC I’IC NC NC NC NC NC
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Am25O2/3 LOADING RULES (IN UNIT LOADS) Am2504 LOADING RULES (IN UNIT LOADS)
Input Fanout I Input Fanou l

Pin Unit Load Output Output I Pun Unit Load Output Output
Input/Output No ’ s LOW HIGH HIGH LOW Inp ut/ Output No ’ s LOW HIGH HIGH LOW

E 125031 1 2 2 F 1 2 2
DO 12502) 1 12 6 DO 2 — — 12 6
CC 2 12 6 CC 3 - 12 6

00 3 12 6 0
o 

12 6
01 4 12 6 01 5 - - 12 6

°2 5 12 6 
~ 2 6 1 2 6

03 6 12 6  03 7 — 12 6
D 7 2 2   04 8 12 6

G N D  8 -‘   05 9 - 12 6
CP 9 1 i  NC 10 - —

S 10 1 2 0 11 2 2 —

04 11 -  12 6 GND 12 - —

o~~ 12  12 6 CP 13 1 1

°6 13 12 6 S 14 1 2

07 14 - 12 6 NC 15 - —

07 15 — 12 6 
~ 6 16 — 12 6

~~~ 16 - . 0~ 17 - — 12 6

MSI INTERFACING RULES °8 18 - - 12 6

Equivalent 09 19 17 6
Input Unit Load - 

0 20 - 12 6Interfacing Digital Family HIGH LOW
21 - 12 6

Advanced Micro Devices 9300 2500 Seo Ic-S 1 1 NC 22
FSC Series 9300 1 1 

~ 11 23 - 12 6
Aslvannce si Micro Dev Ices 54:7400 1 1 

CC 
- — - ‘ 24 - -

TI Series 54 7400 1 1
Sug net ics Series 8200 2 2

l 111 ,iI Si - o s-’ 01 DM 75 85 1 1

• OTL Series 930 12 1 NC No Cos inectson 
_________

INPUT /OUTPUT INTERFACE CONDITIONS

Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW
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PIN DESIGNATIONS AND CONNECTIONS

Mod.li ESDC or EROC , II or L (400 Mx) Model ESOC-6 (50-400 lii)
C O N V E R t E R  IR A N SI P  - SI S

- 
INPIIT CI1NNI CIION OUTPUt INPUT I,1I’hNl I 

~hM ~ hh (,. ) N I i

Sync sno Inpul SI ‘ I
it 851 1 4 01) Ha ll SIlL I I  I Syntcfn ro inpul l~ ’

or 9 0 V ) I  41,10 K/ ll ‘5CC HI I S2 9081 ,-) 50 4111) Hz

- 
- 

H~ IlL 110w sIde) 

Refei ence aipu~ Hi III 110w side)

- 
8 con neCt to R

Power S,,pp Ise~ 
- ,l g. Q co l lect no Q

- t 15b H .5 ,1111 0 s ctnsect to ~I, V ,,i 3l.IurnA 
- 

58 W Into cvnrieCtlors l- 55 1 nut - I connect t o t
CU mIn/il GND V cvnsec t to t

logic 0 - fences dala Su it INK U connect Io U
C Conve rter busy whet logic ‘1 ” Power supplies - 5%
MSB 1 180’ true logic -c 155 @ lSmA - 1

2 90 150 (50 5OmA ‘ -it
3 45 + 5 V @ 400mA
4 22,5 Common 1,51)
5 11.25 -
6 5625 logic “O ’ f e n c e s  data hold INK

- 
- 

1 2 813 C Converter busy when oguc ‘I”
I ’

~~~~ ~ I 8 1 406 
—

~ 
MSB 1 ISO’ true logic

SDCO II I,E RTER : ~~0COfIAERTEi

- - I i i  01758 ‘ ‘ - 5 -  4 22.5

- c-soc •- 12 008799 -. 5 11.25
- __— —-

~~
_,,_ I- 13 004395 isoc 6 5,625
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T OP VIEW OF
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SPECIFICATIONS MECHANICAL
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[SOC-H Or I COMPLE TE
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‘ 4  n,,flutfls I 09 LOB ~ :i’ ~
RE SOLUTiON 

- 

— 
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D IG IT A L  OUTPUT 
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PS~~01Si ~ po s r I S e  i5q~~ OIL IlL 250 • • 

• - ‘, 
5 :

lev elS , t4  angle data , t Inhibl u •

— - 
end l COrtoatilrbuSti sin.

SYNC I-IRO :N5’I., t’~ - I: ‘I t I 8v rifle L I  400 lIz Into 10051 i’s’s L-L bvIaOrs d IESDC - L I I :5,
nov m r s  L- L 400 Hz inno 6001101 i’s-n L-L ba lan c ed 5ESDC-i-i l •
90V tree L’S 50-400 H~ int o 4M 1) flute  1.1 balan ced IESDC-A i : :~: ‘—5 1

SYNCHRO INPUT RA TE SI 1 
-- - — — — 

~~~~ 
- 02 5215 ’  — —  -

0 to 360 Sec - lvii SCCl11SC~ ISO - - t LOB error IESDc-i’i or s, •~ no~ viii — Iii S . C
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— 

sit iv.

RESOLVER ‘NPUTi’ I I ’ I  r t  601 rsrs, 1-1 400 Hz Into unit0 rein L-Lb aiali c ,4 IERDC’ lI ~~~ (so c-A ‘ 1 1  L. 0 5 1

Boy r irt a L I  400 i-IC Into 60045 0 nun LI bailroc.d IEROC-l-I I CONVERT ER MODULE owmnu
— — ‘ - - — - E SOC-6 TRANSFORMER MODULE

RESOLvER INPUT RATESI -I 0 to 360 ~ec , fu ll acc u racy ,l

80 Sec ‘ . 1 LSB ernot i’ -

R E F E R E N C E INPIJT I - Is  
- — 

26V St 5nrA run, 400 Hz SESOC or EROC-L i I f 
~~~ 

- 
- • - -  - -

ISV at 0 6snP, r lrr S 400 Hz )E SOC or EROC - Hi - I - -

I t55 at 2 5nrA urn, 50-400 Hz ic -SOC-S I : Si S
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Timing Testing
Figure 6 shows the t I bo 1 : n l q  ,%,I/t ’t , ’t r i ls of the converters Because of the high accuracy of these converters,  Onl y labo-
Whenever an input angle change ‘ l OIS the converter ratory-grade synchro or resolver substi tut ion boxes or stand-
changes the digital angle In steps of I LSB and generates a ards can be used To avoId Cost ly test equipment ~~c- : nv i t 3 -
CONVER TER BUSY pulse During the 3 ,s  busy pulse , the you to use DDC 5 tac u l s t ies  tor “source Ill5~?5’CI I I l l l  at no
output data is changing unit should not be lr anste’rreii Into the extra Cost
computer output buffe r TOu- c O nvn ’ n to ’ u wil l  ignore an INHIBIT To tes t  the unit , arrange your test equipment as shown rncotti nuar r d applied (ilI t I l1l ]  1111’ ‘ busy interval until that intel’ - Figure 8 - A lamp-driver or suitable readout IS necessary foru,iI is over A simple ll lI’Itl(ll l of u n f s - r f ,ICIIIq to a computer is each of the data outputs , We recommend the cir cuit shown in

• to:  (a) apply the inhlI l It  1)1 1 ~~,i :t 5 , 5  (C) t rarosfI ’ r  the data , and Fig 5G. The SynChro Standard is set to t o e  test ang les The(d l rs ’te1l s r ’ the inhibit angles corresponding to the lights which are On are added
and compared with the standard angle Maximum observedAlthough t rot ’ computer usually vs i l l  require that the data be error shall be less than - 4  minutes - 0 9  LSB over the tern-synchronized and loaded as described above, it can be read- peralure range. A table of angles versus bits is given in Fig 9out asynchronously into a holding register using the trail ing- A typical room-temperature error curve IS shown In Fig 10edge of the ‘C signal to effect the parallel transfer This is Each quadrant is identical , and error has been shown for theshown in Fig I In this contiguration the data out of the first quadrant. Error limits are also indicated for temperatureregister wil l  change smoothl y f rom -In toy-i n extremes

Figure 6: TimIng Figure 8: Teal Con fl gura llon

_ 60 s s M i N  - I ’, 5 -
CO I4 V E RT ER 

~ ~~~~~~~~~~~~~~~~~~~ 
:~: 

_t

~__,_.,.,[~~~~_II]

- i ~~~ ’ 1
O A TA TP4 NSFER ~~5 5 I ~~~~~~~~~~

Figure 7: AsynchronOu s Pae.IIel ‘Transfer FIgure 9: Angles vs. Bits

MSB 1 180r “ ‘ ‘~~_:,i,~__,~ I 151 
~~~~ 

2 90

~~~~ 
-

~ ~~~~~~~ 
z-~ 3 45

15111 -

-

— 9 0,703 1

~~~uj~~~J—‘
~

—---
~ ,)D— 12 0,08799

13 0,04395
a LSB 14 0,02197

Figure 10 TypIcal Error . Minutes , Each Quadrant , 255C fo r ESDC
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t , , Ic i i is ’  Up Ot il y I iit v i o l , -  J I 9 ( 1 , 1 1 . 1  or for c - I ’ l l

0 ‘I II or Cl— i  I i  tog 1111111 u l t i  I iS ~ i~ r ‘ ‘ i i  1 1 1 1 1 1 ’ 1)1 1 S1 ( l i — i -  ibli ’
‘ I  S i l O  l i t ,  iii “~~~~ t n I  119 _ I ~~ ’, ’ I I l  _ S t l I ) t l  I t —  a l l .so l i ,l  ‘ -t sp’

f i t’  l I lt r i l1ui1.’ l l t u ’ ’~ i
’i l ,t X I l i I l J r l l  St ,II iIIIt~ long [ i f i -  loss

bOvsr’ r  Ilr , I I I I  (250 v’ i t t ’ , I and a minimum of heat ,
1t 5 01 O dular desigt i ,tt id quicS d iscontlect circuit Mo~eI RHM19
tIll_ I l_ C ,  IllIr l i lt  r ,IlIiil ri ’ l i l , sc i - I I ’luIlt S I)  c i r I— S I I I - — and
u’,i’,r’ 01 Ii~ .11 Ill s - l O s  I l l S ’

An indeperidet it , 01  ifulat I’d second anode sup- ~~~~~~~~
‘

ply, plus tn’IO II, It i i sII 1.1) I l l s ’  low voltage supply pro-
v i , t i ’ s  extremel y st , t blro l’l l ct l lr i I - . which will not
change size or brightness as the AC line voltage
v,I r los hi’tvs u ’i-~i 105 and 130 volts or 210 ,irid 260
volts A ))  power supplIes incorporate c urr en t  limit-
ing and failure protect iott circuits.

The control oi the contrast has been achieved
by incorporating a unique automatic tracking sys-
tem -h e  performance of this automatic system is
greatly Improved over the - three-gang potent iome-
ter .1’ This system is comprised of integrated cir-
cuit operational amplifiers and discrete corripon-
ents in a novel circuit to insure that the gain of all V
three video channels remain identical , A lumin-
ance ( ‘ Y ) matrix is provided to permit viewing
color pictures in monochrome and to faci l i tate
testing , Brightness is controlled by the pulse addi- RHM19/C
(ion technique to insure good gray-scale tracking
and sim p ’ i f i € ’ cl setup procedures . Brightness pulses
,‘ ir~- gen erated in the monitor and synchronized to
add to the video signal during horizontal retrace - -

time The amplitudes of the brightness pulses are
ad lusted from a ‘,inillh control on the front panel ,
This advantage makes t i l l ,  RHMI9 monitor unique
in the ROB field ,

• A vertical interval test switch on the front panel 5

en ,t h lo~s the operator to examine a test signal ap-
pearing in the vertical interval , An input video
attenuator switch is provided with the fo llow~~g , , - - - 

-

t IinI’ t IOl l S OFF Mtnus 6 ctB. Zero dB, Monochrome, - I 
- - 

- 

-

All r ‘Id la l  cnnv€- rf i l i i l ’e controls , dynamic and
‘ll lt t i f l  ( D CI .  are located conveniently In the front 

, ‘~r, i I uel Dyn,i ’OII correction is also applied to t i IP

li:ni- lateral corrector Dynamic pin-cushion correc-
ti on is applied to both horizontal and vertical de- —

f lection systems Complete control of individual
guns allows the operator to turn on the bea ms in RHM19 / RS
,orl y c -n ’l hin ; ,st~c, ’; in any desired ‘5equen ce , This
ti’ , I t IJ r E’ , C111 11 I1’ (t with ,;n OpElr ,s tu l  Ss’llip ’ ’  switch
,ind a ‘O_’- Ic r ‘ -On Off ’  control ‘,~iit~~I ‘ l ikes setup
of t l I s ’  PHI, 19 e~isy and rapid.

ln~’i i t l s -ve l  coml I- ’ l ’,,it l ( l r l  to r i—r Io t l ) I l , i n C e  of
incens ing signals is accomplished by keyed back
lo rc Il  c lamps in each cil ,i nni;l to ,u51  i i r , I t I ’ l v  main

t i n  C, ‘1 k l ’ v ~~l

The ~fandard i, s’i ’t r U I - I i - n I t  is supp li ed with ( ( I r s - u -
‘s O t ’ - , 1 , 1 ,,s r , i l l ~ - I coax ia l  ‘- O I I ” i I ’ ’  f s r - . It is ( L l t iona II v

CONRAC
CORPORATION
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ne~ tI~H~T

311 I f i l i ls ’  s i t f i  ( I l l _ i l  A B 115 1)1 115 ,‘, it f i  ,i front 1)_S ill- I _ 1 f i - t y SI l Is Id on the ki l i i ’scu pi’  for i ’ , s S i r ’ ” ,t possi b lE-
s i l l  I i l l ,  a Il~ 

5 , 1 1 1 1 i of ta v idi’o - ii’ Is to be t ub ’  cIt-ai ling, a I 0 1 r 9 5 ’  311(1 5 v I - r I l I i ’ r  11111 I l ( ’  Hr

v s ’ as ’ il 2 11 lIt-s option Il,i uni t  I’, ’ I l  I 1 ( 1 1 5 1 1  :1(1 t f le sco l  I - I l , locked tr , t ( ~ II I r s  II r I , i I t ro l l i - C l  o(, I-u a

single input ter ;i Ill : t r  I rontue tors 1111 red , pcI  I ’ l l  lion m d  a cot lVenil ’ i , t  y lut,ited tal ly I I I  I’ a 1’ ch

.1111 ) bl uu’ oti hilill cf i ,ui t u ie ls A and B can be i l lutoi i i ra ted w i th  s - i l l i s - r  whi te or rh-I l

Iii 11111 , 1  I n tI l ( I s ’  11 111111 ’  t e lt u r i”  l i i -  R1l151 19 This equipment III;: (1 111  - a II: Department of

also o t t o  t —  ,j built on U~’i ’ Ill s — o r  al t  l I l ldI ’u ’ ,l I I I  Health, Edt - c lion a r I d  I’, l ’ l t ,Iri’ rule’ -, 42CFR

sa i l s  fs Nfi sch permit s III III 1 1111 of the pic t ur Part 78— n I  1111  p t o X  R, i cl i , ot oIl

I ’ I f s ’S  u - I l - I  t n ,  I I s - l a s t i n g  co i i l io ls , a bonded

sueclllcalions
T E C H N I C A L  DAT A A dIuSInli’iItS , Top Front Panel:

input POwc’t: 250 v His I t  1 .11 -111 oo l t s  60 Hz 1525/60 NT ,  11 ‘ Ip I 1 s - I C I I I r I I5 
- -

S C  I 1 1, ’ Ili put 115, 1115 11 111 I’ ,Ii A l l  pei tor i i la f lCe  spec i t i c a  Vs i l ,sI 1 1 1 1  l o i S/ O n  a I I I

t IO t O S 1, I , Islet WI I I’ tI le ole voltage va r Ies Ironi 105 to 130 Rear Apron:
o u s : ’ 210 Ia 260 salts AC A Ossee-w ire lice cord , Sm l s - ~’t lIt 1 1 1 1  I ’,lI,ll II ,II i ’ t , ’  ‘ 5 1  SI (11 ,1 50 t I l l

I Oi lg , 0,111 ~~,st lock d lsco lsnect is furnIshed. internal eute if lal H - I I S V  l vs- suIt ’ 11

video Signal: 0 35 11’ ‘is p p sis ivun luisi SynC s l egat ive al isionitot ReCI ;
~~

een a
t~~~J d h I e ( t o c a i )

lIt-lot 0 3  1-1 is P P s n l s r l u i n  non-compos i te  Channel - - B - -  uulput red , gree n and blue lopt iona i l
video input impedance: Higis impedance l , r ldgIu g 51:1cc sot&pt HonIzon Ia i du luc pa ral le l  CoflI l l’  il lS

‘ i l l C IX Its pill io n  nectots (Optional The InOnitOr  Iuiay be Ver t ica l  d uive para llel I ll s’  I Ir S
lII11’rSll W I t ’ I t - ,c I sets ol Input s with a knob on t h e  t r o u t  panel Rels iote A B I Om ItS ill, II y ilI,II,i I

‘m i t se lect io us cii Channel A or Channel  B with rev iote Iwist lock AC connector
sw I I :mI g  be tweels  Cinai rnel  A arid cl lanne l B. All inputs are 75 AC o u t l e t

- l i-s i slsl 5/ e ended It us poss’bie  to provide loop lirrougil Opera Line 111cc
ilon st I r  inotil chasonel A and channel B by use of ‘1’ COnnen T a l l y  11 ,1111 Coniln ml
tars I CONSTRUC TION
S y n c :  OptIo n al operatior c lo iter ssa i  sync , c9terila~~~5tTal Sync , ~~ 

u~o~~s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ahile

p p V dr lue va ts pp  vega b e ,  state c i rcu i t oy Stua nded Tel on insulated w ires and high quality
v,dco response: Flat to 7 MHZ oc each of tosree channels. components are ut i l ized ,  Panels and cabInets are f inished in
Lunear ityI W Ithin 2c/0 of picture heig ht. deep ururher gray

Kinescope: A 19301P2’2 tube , Incorporating an etched lamInated ME CH A N I CAL
sa te t~ shield and contro l led phosphors Net Weight Shipping Weight

CONTROLS , CONNECTORS , ADJUSTMENTS RHMI9/C t O t  lbs 127 lbs.

Primary Group, Front Panel: Cabinet 4 5 9  k:lo S 5 7 6  kilos

Power Iwith opnsocai A B inpu0 selector> RHM19 /RS 002 lbs 128 lbs
input a nenuator Inronoc 500 nse switch Rack Mount 46 3 kIlos (8 1 kilos
Preset and nu,snual bi phtvess RHM19 /Y 102 lbs 028 i~
Contrast Bail Mount 46 3 kilos 58 1 1
Secondary Group, Front Panel: Degauss ing switch M3 3 wheel doily 22 lbs 25 lbs
Red , green , and blue line screens Vert ical  linearity 100 kIlos 11 3 III 05

Red , green , and blue coarse screens Setupoperate M4 pedestal mount 18 lbs 20 lbs
Red , green and blue on off switc h es Height 8,2 kilos 9 0 kilos
Buig lltness calibrate Focus
Hnr lzonta l and vertical hold Scan size MS ceiling mount 8 lbs. 10 ibO ,

Green and blue gain V IT operate 
3.6 kilos 4 5 kiloS

Width

I

’- 

—

5 ~

‘

RHM19 /C RHM 19 / RS

CONRAC
Ci 1(1 0 irt h i i , , n - ’ 1 , i  I’ A o , ’ r o i ’ -  CsIoI n,s C,s to rn  i I I  ‘22 1 2 0 3 1  966 3511 CORPORATION
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MEASUREMENT SYSTEMS, INCORPORATED

TRACKBALL

( R 1l’tII( I)I~
.,i~! I )  h~ ~~~~~~ ~~~A IR ‘I’R -tFb ’I( ’ ( O,\ i’ROla ~~ 

- 
‘ 

‘ 5’ - - , ,~u -

,~1A(~~I.\ K 1’OoL eONTROL 

- 

- 

-

A snta ll size trackball built to meet rugged envi- ,)/OJ ,~I EL 628 square urn-c-s
ron metit al reulu renietit s is tr iuw available front

~tus ’k in sa mple quantit ies l It’ s lr~ ig s IC i11ii i S I S !  s halt i - i i u u i s l er s  that t i r sv lu i ’e

EASY TO OPERATE 
srjaa te ma it -s sn quadr,ature 

eiimp~~le cycte c per

The Model 62 track bull is a fast antI accurate r’it at  m m  of the ball, Ou tt uut levels sri- ‘l1’ 1~ I ’ i i t y i  -

2 axis manual positioning des ice requiring a pal Isle , posIt s i-  13 volt , Other pulse rates available,

minimum art mssu tt t of cs per a t usr training and sk i ll.
Electrical nignals prisportiiunal to magnitude and ,3IOJ) EL 628-I potentiometer
d mrec t ics n are resuilved mIni X and Y compsmnents
as the ball i-i rotated by the operator Typic all y ,  

Features multi-turn piutent iototeters that rotate

bi-directionul optical encoders are used that pro- full ratt ee for t turns u,f the ball, Resolution is

duce TTL pulses on art “up-count ” or a “down- 03’)t, for standard 10k ohm potentiometers . Other

count” line, resistance values are available ,

DESIGN FEATURES MODEL 628-4 Tfl pulses
A 3 inch dia , ball in a 4 ,5 inch square package
only 2.25 deep make this product a real space 

Identical to the 6211 described above but with an

saver suita ble for all but the most compact ~~~~~ 

additional logic circuit built into the package,

sole designs, A drip-proof seal is standard on all 
Output becomes TEL pulses on an “ up-count” line

model-u , 
or a down-count ’ line depending upon direction
if rotation

SMOOTH MOTION
Unique bearing and pick-off wheel designs provide
this uaIt wi th the lowest operating force available. US1r~yi~ p
Tangential force required to move the bull in any ~~rI<DS~ 

—

direction is less than 2 ounce s . Additional f ric tioa
can be readily added to hold the ball from turning
for tt’rbulent environment applications .

I sF1

MIASIJIIMflI T LYSTIMS. INC... . 123 WIST Afl NUI. NOIWALK. COMM. • 203 $3L55~l.
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~% 14JI )EI a 628 TRACK H AL L
- - —--- -- . - -—

~

— -l 3 .. . —~~ , , - i , m I ll 56 •-‘ ‘— v’ ~~5 —

— ‘5,) --

‘ 

,
~t I ‘ ItJ rSh l ~~Qi5

I ?  P In ’S

- S ~
‘ 

~~ - I

4 1)610 - ‘2 ~ 
I f -e -

- I I - i

1. 750 

- -
~~~~~ ),) 

- 

~~~~~~L
D

~~

— 4 5 0  ~~ uAPE ,W5 ~~

Co nunector I,s ,, - , s t l ’ ’ l i iihots’ti II f-sr  M I s-I  15 211 - i
I ~ -u , ,I I C  - h~ CE ~ I’ Ci ’ is u i e cts r c Lsuuat r u m  f i r  Iit s iste l :211, -and i52~4 l i & E 5 is st iu gisni s i l lc 1 1 1 1 1 1  “ ‘ t S ’  i n  I ’ S ’ ’  1 li ft us 5 , 5 0 ’ , 

SPEC IFICATIONS

Weight 1~ ss t han 2 Il n y

Trai-king Fort Nun  1 .5 ui, Mimx 2. 11 ilz
Housing Aluminum Casting, Black
Envirninmentaul Seal ,. .,, ... ., ..., ....,.. ,, , , . . , . . . . , , .. . .  Dr ip Proof MII STD-10X
M-rBr 25 ,i l fhin lliiurs
I’iiwer Requirements , Optical ‘ 5vili ’ , 400ma
Connector Amphenol 67-02E-14--12P
counts per Revolution 300 Standard , ot her counts available

MODEL No RESOLVER Ot’T I’L’T , EACH AXIS

6211 Optical Square Waves in
Encoders Quadrature I SV

628— I Multi-turn 10k ohm , I watt , .03r’ i ,
Potentiometer 3 turns full range

6211-4 Optical TTL Pulses on ‘Up or
Encoders “ Down ” line

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

MEASUREMENT SYSTEMS , INC. . . - 523 WEST AVENUE . NORWALK . COMM. . . - 203 838.5561,
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~~ D~~~EL GENERAl. PURPOSE,
‘
~
J SYSTEMS , INC. ANALOG-TO-DIGITAL CONVERTERS

- ‘ ADC-MA SERIES

F EA E IJ HE S 

m —

~ 10 & 12 Bit Resolution 
,

~ Selectable Input Ranges ‘ s,-s

~ 20 & 40 ~isec . Conversion Times -

~ Unipolar or Bipolar Operation
~ Input Buffer Option ,

~ Parallel & Serial Outputs .-_ . 
-

- 
- .  

- 
‘
- ‘~“:~~

‘

C I -NEI1A L DESCRIPTION 
~~~ f L ‘

~~
‘

The ADC - MA se r ues A , D c n n u e r t e r v c On sls t ., ,. .(
~~ -

-
- ~ ~

‘ 
- - I ,~~~~~~~~~~~ , 

- -

of tO ned 12 List resol uti on , models with 20 .~~‘ - ‘  , . - - - ,
of 40 microsecond connersson time s These — -, , , I “ ‘~~ “ - “~~ ‘

unst s feature hugh performance and versa’ ~“ ‘ S m  s ’ ’ ’  ‘~

r , : ,n 5 an a ions price - , ~- 0)1 - 
-  I

The en cepts v na i ver s atsiut y of the ADC - MA ,,
~~

, (
~)  f . S I

series ss seen in the f o us o w s nq  feature s - 4’ ’ . “ “ ~~~‘ , -

S,ng ie -ended In ps, n noOage ranges of 0 to - 
“ ~J , 

- I I -
o5V 0 to nlOV , ‘ SV , and n O V  are pun Se- ,,,,, 

~
,, - I

ac table by the user in additio n, , an internal “~~‘~~ ‘ )‘ 
I — L ,L ~~~~~~~~ 

hs g f m snp us t imp edance ho lier as -rn p l f s em us 
~~

— ‘ - - - Lav as iabie as an op nson This amp iu fuer gs neS an ‘ - - - ‘ - - ‘T I T” ’~~ ’T ’  -

input impedance of 1000 megohms on aS ,
voltage ranges W ut hoi ~t the amp i s f s er the in- ‘ (~) - (~J 

(C) - 
n I - .‘ 

-

put smpe d ancenare 25K , 5K . and tOK ofr nrnS -
o n5V , 1OV , and ?OV ivl i  s v aie ranges respev - -
ns ne i y Du gutai ou tp ut data is anasiabie in - ~~~ ,~~~‘,, ‘ 

- ,“:,‘ —
either paral lel form or serial t’L RZ format
wi th synchr o n it in g srr o be pois es Ser ual daia ,__ , , . , , — - - _ - - - - -

is straigh t binary for un ip o iar operatuoe and
offset ii sass f o , bipolar op eration Para il el

a data IS str aig ht bu e any ion veupoi.r operation MECHANICAL DIMENSIO NS
arud o f f s e t Fisna no or tw o ’ s com piement for INCHES IMMI
iI , iSl i lnm o penatson The ADC MA u n I ts  can INPUT/OUTPUT
Operate el f h er Ieter ’u a ils or exte rnal ly  — ~~~ I 

CONNECTIONS
,I,iI scs i  In aditutu o n , the i nterinal cloc k rate -

,a s ,  be decreased by use of an ex te rna l  ‘~ 
— - - ~~ _~_ 

‘
~~ PS N~ C US~ T o~ •~~

~ poc nO ‘~ ~
- --

~~~~
-—— 

~~ s~
__’_ -—

- a 2 SS x.5 In yr )~ CSxcS O,, r n , , u
The -51)1 , Vii s’- s ’is sises the su cc essive .— - ,— I ‘~ 

-
~ S,9xv u—a 35 Sn,ob. O~ rp~ i

apnm nnx ssna nuo n res hns itoe to achieve s ’ ,ue l  ~ F’i none 0 e -  4 5’e” .~ Oyxev’ 43 l’s s r,;,~.i 
-

i eet  ‘ u’S-a l m s s peed red st a bu iut ~ Tempera ‘ ,~ J_.,,, an r .d ir~.f. 
- 5 20 V “ eu’ - ‘ 4$ e ’ n r 2  0 i0S~~I

a oeff t he ud n LOs u I to ,,~ ~~“f ~~~eS’ a -e 52” e 50 0
5 “ - CIn. 4$ .‘d 50 re C eo’.’ Off.., t~ 

‘
~~

‘n ‘0 0, i
- ‘  and ‘5 is ps m’s C for o f fse t  n u ns wins ‘~ C’ “ I ... ox,in,.d or, 70 ‘

~ ou .5ji3o ’i’i’- ’ ~~
nf ier an l oe T~qbr sesu ’ ,s , ”nm s n  t rac kIng iii the i~ :~ •‘l “

~~
:-“ ro ~ s~ x...Sens 22 5.~.,.xo. Ôof ‘ti C n $ O o r

, , , snr sm m so u rces r esults in mono ji •‘~~~
, 

- .“~ po 125 23 ~~~. G  5$
0,0 LO S, Cm i~ lISa C,0, in IT C-r e oy n

ton ’ ,  ofier afs mu n vi, mr no mSs s r nq I sItes Oven 
~1 — 

.sn~ ,, ,oi. ‘5_ i TI’ F l )-’i’iC” 15 Is’r”S- T”— ’ -

the 0 C to S O C  nnS-i i ,e,unll me Oçiwv n lsm g -‘ i : ft’f .,,r.’. ,o , OOO g 15 lSsm 4 Our - ‘sav ~~ 
,: ‘~~.‘ a.t uc.r. ~ ~~~~~~~~~~~~ gi ~~~~~~~~~ 

—

flOfl’~~”'”~~ 3n ox* C~~• fO S-~ I 0 n i~~~Is
These I ’ll r s n e s s  are evc,ps i,5. red ‘ v .4  - 2 :t~ 

5 — . -5 ,
~ 

e~~ 6~35~~~~~ 55 Our -
- 0 4  ‘mi’h snmoifu,Ie w ,nh Dip co nr uparmtmie 15 ,5’ -

~~ ~ ~ I1 ~~ ~SS iO5 i 52 S , r O u r IMSSI

100’’ u r n  slI-,’ - -”s ie ti vt powC r remiS i S re  , ‘ tj’ 5,. ,,

-m n- - si  a re  - t 5VDC and nSV DC ,nul .me ‘\ —

,r,a, , a I , I S  fr om Panel ’ s l ine of nrsouisil ar powe r ‘\  - — —

soppi,e, Al l  ‘ 5 ~t , ua s n ps ,tf a — si  o o t p usns are l~ 
2 1 — l I e

OTt I lL  co ” ’ s sa n ’ i u ie
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_
~~~ r, , u n ~~~~_e~~~ x~~trs Sr Ov’

~ ‘ ‘ “ 5  -

~~clFlcATIoIm ltyp S ~~ C ~~~~~~~~~~~~~~~
( AOC-IMI*J j  ADCMAea

INP I.ITS
An~~oq tnpst fl~~~ , , , , ,  0.0  iSV CS , O t o  ‘ t o y  is .

t hy  ES . t l O V  Cs
fnpsxt OsCenolOW. r t SV  w i t h o u t  dane.g, to unit
ingu t lr,Wed..so .

000 V6V CI Ranp. 25K ohm. 2 . 5i< cOn,,.
iSV and 000 nlOV PS fl ange OK ohm. 5K orstnus TECHNICAL NOTES
ilOV PS R~~,. , , , . , , . tOK ohm. 10K sShi ~ s

With Optio nal tnped suafl 1000 Magohma 1000 Magofunl. The ADC MA serie S contain s an internal

Stan of Con.,Son , , , , ,  ‘ i v  mSnn to ‘5 SV sr s n pOs s nu.  Pull. DC i v ~~~I IeS i  w , rh  iluil S wh,u,h us set to tine ,r,aomn,0.im
duran ,v n of t O O  su.a~ mm R a e  evil lois t Im es 500 s-a u . ,n,.~ 

conuers,00 i ate Thi s rate roan be dv-
rh,ae T TL  loa ds . Logsu ” t ”  rae,. vo,uoerret Transit ion to reined liv u o m s n  c r 1  ng an eote ,nai c .p.u
ioguc “0” in ’ t i etas Conoer ss On ton between puns 31 and 36 The

Clock Inpu t . . . . . , Must be conunec teul to Cimn C Output to vso sn t e , nu a I  c ock ap proo mete capacitor oaiue to ach,eve

cuvuk  lnpv f  can also ba usad wit f n  a’ u e n ro i n a l  I. III,. k ttie desired c o no ers s o n time is shown in
the tabl e at the bortornr of the next page

Clock fl at. Rat e is o t , t nau i y aut to g ioa ins , Inn s,i n, c o n v e r s I o n  ra te  or 20 The longer con v ers m on time obtained Snor 40 usac paf conversion Thu s t ,, rs u sney be o cre aso d WI th
oi l ao tarna i  caper Ito t  connected tuenwoe n pun 31 C ock te s s  manner does not mnw ,00e accurac y
Raid end pIn 36 iC l oc k Outi Sac cs )nu,i ssoss n m,n ,a  f o rmu ia s  toil i t dOes permit competib.iit’y or

synchronization wIth interfacing equip-
O U T P U T S  meet  f o r  man y  applications To use the

PSeeRS Ori Wu t 0.5$ , , . , ,  10 i, moas Of  dat a 12 L ,of l  01 data eternal clock a jumper must be con
0 h 

9 5 T T L  0 d 
4 E C p 

~ n,ected betwee p r o  35 a d  36 ho

V O u t  IL o g i c  “ O” i 01 -o 4V eoterna l clocking, which nrsay be dv-
V Out l L ogu v  ~“u ~~ 4V sinabi n in some app i s ca tu orus , the Jumper

Coding -s removed and the eotern .i cloc k ap-
UnipoSen Op.eatlo n - - , - sn ra ls f rn r B , nary  pv. imnn ,u .  

piied to pun  35 Use a symmetnicai 0 to
Bi poiar Op eat len . , Orrs. n B- y a m at Two ’ s Comp uer ni e nst , p o s , n m v o  t ru e ,  r5V square wen e with a minimum 30

S.eial Output Oat. - - - N R Z  inonrerur e no Sara I succes s ye dacms , oe ~mvi5a output psec ti nrso d for the 40 usec converters

ganom arad du i lnsg rOnve rsoi n w I t h  MSB f~,s t Sarsal  data Is arid a nvnnsmum 1 .6 ysOc period foe the
s r r u m g h n  i s m n a r y  fo r  un ipo ler o p a r a t i s n  and o f f s e t  to nar y in, 20 usec converters The Stan Conusert

pO ds o pat ar ,on  Output  w u i l  d n s v a  10 T T L  m ad., Two ’ s pulse sh ouid have a rninlrnsi m 100 esec

cu n] pm nmon n s e e  t a v a , i a b i a  w i th  so ’oi output , wi dfh and should not be road. toc song
since clocking begmns on the fal l ing edge

Str obe Output . , , . .  A v a m l a b l e  t on sO,s$ i  dana s y e c h r n o S r e r l o s , , Serial  ounpun is
Ims a t s la  on s t ro be  pv ls a  iaad og 5,3905 55 , 11  d r i v e  9 T T L  loads. of SlI ms tiuine and , t here loee , ta width us

part of the total conversion time
LOC End oa ConnttiQnl  Cosnoer s o o s nanus output .  Logic “ 0” to r con v ersion corn

pu ena Logic ‘ ‘ 1 ’ during r ena, and coeo e rs,on period W i l l  Analog inputs are connected to pin 6
d r m v e 10 i ’ l L loads , for 1OV range . and pun 5 for the 20V

b C  Complement o r End yr Cnnoe fs io n Output.  Log y “1 ”  for range wirer, th e input buffer amplifier
c O O v e r s ,o n  cOmpiate and L0g c “0” du ,,na res en aed ronve r ss not used, The input impedances in
s o n  PCOOd Op uS d r I ve  7 ITt m arts tease cases are 5K ohS-nb and t Of( oi,rrrs

Cionk Output inne rna i C lock  pulse r ain Output gored on during c onua ,sso e respectiue i y For the 0 to 5V range , pin
rim e 5 is connected to pun ‘0 thu s pa reileisn g

SIgn.i Output , ,
, ,. Ou,pun of op ninoa l eternal buf fer  er np iu nsar the two internal 5K res ,stor s to gus

2.5K ohm input uinped ance at pin 6
PE RE OP MA N CE

Ra.OlutlOn . . , . . , . , ,  10 8 , 5 .  ion, paIr in t 024 1 12 B I t s  lon e parr  Ic 40961 The end of c000e rsSo rr or status poise ‘s
Aoou,aay . . . . . . . , , . .  - 05% FS - ‘.5 Se n . 012%FS m ‘- , L S B avas iab l e at pun 33 and its co m plem ent

EOC ,s avail able at pin 43 Normall y the
Lln itv - ‘ LSB r i~,15~ -
T ar-np. Co.ftinlant of C1.in - . ‘30 us pin - C ma, of R.avi ,ng 30 rup~” C mm of ReadI ng 

EOC Output ‘5 used to control the rrmode

Tennis Coedficlg.t of Zer o of the input sans pie and ho id . Se,,ei
Unipoi .r . . ‘ ‘ . ~5 5i05~ C s ac nI Ranea ‘5 ‘ C me, yr Ra i rg a isitpvt date ‘a availab l e at pin 32 in

P Bipolar 10 ppns - ’ C s n ,  1 n Range ‘ 1 0  ppsmm ‘ C man or tianga str asji t binary cod. for un ipo ler opera-
Conver aion Ti n-ne , nnee ,  20 on 40 psa r 20 0, 40 vsev li on or o f f se t  binar y for bip o lar opera-

in1epend ~og on ‘1 , 0 ,5 0 5  Isle pena lna on mode ll  t ,on No nreturi ’u to zer o (NAZ I  forma l
Pow er- Suppiy S.,ss5tloit-e i s used and the data us valid at the
l t rsoksnn ~ a ISV axv PPlLW ) ieading edge of th e strobe poise . Par-su et

G.m - . - . 20 ppm ‘5 20 i sn , mm l  ‘5 den. output is straight binary for unu-
zero . . . . .  n o ~~-~~ ’-n ‘ n O u u v m m s  ~ polar o peration and of f se t  bin ary or

POWER PEGUIRE MENT - r svOC 00 5V lus 4Oso A vax two ’ s complement fo r bipolar operation
m Ink In pv , bu ff ar .wpiifiani - 15V DC ~0 SV uP 45m0 , ma, Two ’ s comp lement u s obtained his using

5VDC tO, 25V P 200w4 , ci a, the cOtrip lenrt.eted MSB ovtpsu t am pin

70
P R Y S 5 C A L  E N V I R O r4 U ENTAL

opamenlisg Teenperetura Rang. 0” C to 10 C
Ston .ga 1’ .,-,nesarat ura Pang. 55 C no ‘85 C
RaI. r iu t Hum Idi t y , lip to iOO % eon , iI’- ,n.s’ .’ -Iu

C as e S . .  4 .  2 o 0 4
Ca. Mer ar lal Black O aSl y i c’rm m f l a l e n .  pa, Mit  M II soOno a” -  am ,,
e m s5  020” round gold isIarad 250’ iong n-nun
w.-g.m m A u ,  i 2 2 T ~~s e u ’ ,’
t it er --o Sork at t lv ptio neui OILS 2 , 4 ‘a, , , , ‘ s  a’S
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-en

I TIMING DIAGRAM FOR ADC MA12B Output 010101010101

n:au T1 N O T E  hum 20smssn, Conne,suoni Tsm e , T ‘800 nsec ho, 4Ov.ser Ccmene rsmon T m . , I I S ivs.u

~~~~~~~ IOl 
~~~~~~~~~~~~~ .~

‘‘ 1- o’,_ — ‘ .‘m ’ n-

~ 

:~~~_ru-
~~

’
~-

- -

, 

~ 

‘

~~

i o s o m y s y s u S u m I
I ‘ ,T ~~~~~~~~~~~~~~~~~~~~~~~~~ x J ~~~~~~~~~~~]~~~~~~~~~~~~~~~~i

_ _ _ _- _ _ _ _

OUTPUT DIGITAL CODING , ADC MA SERIES
ADC-MA T2B (12 BITS)

UNIPOLAR INPUT RANGE STRAi Gi- f i BIPOLAR INPUT RANGE OFFSET TWO’S
BiNA if y B I N A R Y  COMPLEMENT

QTO0IOV FS OTO r5V FS MSA ISB r IOV FS I5V FS MOB LS8 MSB LSB

0-9.9978 c4.9988 l l t i l l l l i i l t  09 9951 .4,9976 l t l l l I t l l l t l  O t t i l t l n n n r r

+8,7500 ‘43750 111000000000 075000 v3 7500 I 11000000000 011000000000
*7 5000 r3 7500 110000000000 v5 0000 ‘2.5000 I 100000(9)000 0 10090000000
05,13000 ‘2 5000 100000000000 0 0000 0 0000 100900000000 000000000000
n7 5000 ‘I 2500 010000000900 -501)00 - 2,5000 010009000000 110000000000
vi .2500 cO,B250 001000090000 -75000 -3 7500 001000000090 101009000900
0(30024 nO 0012 900090000001 -99951 -49976 00900000000 1 i0(XJO~~~~~)Ot
0 0000 0 0000 0000000000 00 -10 000(3 -50000 900900000900 109000900000

ADC-M A1OB 110 BITS)

+99902 049951 11111 11111 o’99B05 ‘4 9902 l I i t t l l l i l  0 1 1 1 1 1 1 1 1 1
nB 7 500 .4,3750 1110000000 075000 03 7500 1110000000 0110000090
+ 7  5000 03,7500 1100000900 *5 0(9)0 ‘2 5000 1100009000 0109000090
05,0000 02,5000 1000000900 0 0000 0 0000 10(5)000000 0000009000
n) 5000 01 2500 Ql0900(~~~O -50000 - 2 5000 0109000000 ¶100000000
*12500 ‘06250 0901009000 ~ 7 5000 3 7 500 0010000090 1010000000
o0 0098 nO oo~g 00000001301 -99905 -4990 2 0000009001 1090090001

~~ 

‘- ‘ - 0 0000 0 0000 0000900000 500000 -50000 0000000000 1000000000

CONVERSION TIME
EXTERNAL PIN CONNECTIONS USING EXTERNAL CAPACITOR

_________ ________ _,_ _______ The est,en,l capacitor us cpar nec tatl bstwssri p.na 31 wad 36 Corn
iNPUT e uP PEA INPUT J UNPEB ~JNP$ R JOkeER see-son tIns. in th, table it an m.croeecnsnsN wad capacitor va lue us in

BANGS lESt ~~‘TiON TO PIN PIN4TO PhI 20 TO PIN IC TO
Wi ri-sour d — -‘0 TO ‘ISV WiT H 2 • — Coos-,.’s.oru lute., F oe-tool. I.ppu’oa I

Wnl.4OUT e - 20 Cone Tx,n. I ADC - MA SOO ADC -MA I2B
~~~ 

~~~~~~~~~~~ L _ L_ - 
____ I

cloy : 20 ~~~~~ . J C- 8Sf T-2 ~~o~~c I C - 60 IT-20piaee I

~~~~~~~~~ 
VPIN (IT S 5 

4001ac
j  

C-  65(T -4Osee.c I C • 58I1-’4Osmaer- I

~M.nlmum Infer nal conue.,.,sn a le  wqsan tao antanal napapiton It utad

13—25
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CALIBRATION CONNECTIONS
JUsifto L’ s m e r e x C r ,s ,
‘ti n (u liou, C,li ce ,aeor001Cnso,5& cloc k

_________ F 55 005 ccv _________________

r~~t :~ ~~~~7 
n-ia :~/ inn. mu es n newt It . pies ‘-s. —S--—

5. r” 35 OtsO 35 ML5,* at 0500 mm
\ t v n s t resl y coc x msL _ _  — — ~~~ / lion sve,u,mE oi L ._  o3r

-nsn vc - 150- ac

~~~ N) aun loy
~~~~~~~ VIEW / - I50 0c VIE Wcon.m.e cemn o

010 nv It.P,Ii I

.nbu oc . r soo c

iNcur s i 5NPU’IS
g n o -5v 0 05 uOJ iSv 4 0 0
o e o - r o V  ‘- - - - -a t lon g Cs

iOtii5 -~~---Wn°y~,----—- or  200 0 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

NOTE Calibr ation us the s am,. With option al unpvt boils, ert iplmfier
Connect buffer a indicated to Eatae-naI Pin Conmn.ctioea ,

- Iso oc 50 -D c

UNIPOLAR OPERAT ION (WITHOUT BUFFERI BIPOLAR OPERATION (WITHOUT BUFFERI

CALIB RATION PROCEDURE CALIBRATION TABLE ADC-MA SERIES
Gain aeut o ns et ad i ust meets ate accomplished as shOwni in the _________________ ___________ _________________________

~iooe ii,agram using the Caiu to at ion Tahul e TIn e tnumrning ADJUST INPUT VOLTAGE
pnrentivn’Ielens used sIrouuld tsr t S  turn t 0Oppml C temperature INPUT R A N G E  

MENT tO BIT 12 B i T
coriiiusenn t y ermer lOpe- units end are aoas iab i n from Dane- i I 

—
Sy ste nsr an $300 eac h A pois e generatot shnsild be adiusted to OFFSET 24 mV 061  reV
pvC ‘ 5 voir  liulses w sn h tOO nsec msnsrn ru in duration end a
spacing equal IO 0’ Ianger rhen tire speciou S rnsaom mvm non- 0 TO cSV  -__________ ___________

unison n urse 20 or 40 use-c I Trims genetetor shoolut be GAIN n4 9927V ‘4 9982V
cover-c lod rv the Stan , Conoert ’ ’  unpr,sl A prec usmon voitage I 0
re ier ev cy source should be connected ro tire selected enaiog 2 OFF SET 4 9  mV 1 2 my
input rermi nai 0
Otls.t Adj ustment. For .,v ,pniOn operanioi n set the 055100 1 of the 0 TO t1OV
0011440 rpieren*e t*vnuO t o *ero plvn ¶ 2 L,,B TIne ,OIue it GAIN u9 9854 V u9 9963V
shown in rhe Ca l ibra n uon Sable Ad iusl rye offsrn nrimm iog
isormrn,onsener unsu uP

~,~ r0o 
~~~~~

r
~ :s ~~~~

ii v 
~~~~~~~ OFFSET -4 995tV -4  9968V

ILl) 001l For bipolar Osreral,00 set the voltage nef e,nme r 5V
v OsIrS’ e 10 minus i - I n, O n  nlus I,? LSB and rn-eke the same I GAIN ‘4 9854V ‘4 9963V -
~ 

A d ? ~~ t Adi I nfl 
2 LSB 

th i ta~ e 

~~~~ 

c OFF S ET~~~ 9 gqO2~~~~~~~~~~~~V
Our 1 0  lI ar II” ui , ’, A ,t j , , s r  9a~ t lS m ms fl g pol entiom rt en - s r i  - WV — — —— —— f - - ‘— -

Sir Oofput . i -s ’ s eqsa a Iio Iier weer logic ‘ 0 and logic I GAIN n9 9707V ‘999 2 IV -
1.1, 51 , 5 rmerwrn’uI i l l  I t O  end 1 1 1  t I l l

ORDERING INFORMAT I ON 
~~~ ~~~ 

,~ ,P~ ICES (1- 9)

AD C-MA 
r r  ~~~~~~ A DCMA SO B2A - $ 99 00 ADC -MA I2B2A $129 00

F I “
~~ 

ADC MAIO83B $129 00 A DC -MA I2B2B - $149.00

NUMBER OF BITS WITH OR WIO CON VERSIO~
’] Foe- optional intarn .l 6.01 irr,0.d.nc. bsmff r wrsp lifuae add $200010

L_~~~~~~~~~~~
OiN

~~~~~ ~~~tGH Z BUFFER L TIME

~~~ ::~ : WIT HOUT 
L~~ 

: ~~~~~so~~.t c u - s 2 - 4  r~~oimed • $5 00 par pao

‘tPj
”
~ D~~”EL.. PRICES A ND SPEC IFICATIONS SU9J ECT TO CHANG E WiT c i O L l i  NOTICE

~‘iai SYSTEMS , INC 1020 TUNP4P1I(E S T R E E T  CANTON MASS 0207t TEL 16 17 1 828-8000 I’ShX 71 03480 135 l I s t  0 97446 i

,, , ,er I - nt i ane,e.s,.na ,~s ‘ s ~ ‘ ‘- ia-n -- u n o  o u ,  s -e-r .s. -,.a 8 14  BULLEI IN  A Ii’ A m  154151

B—2~3 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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APPENDIX C

R E A D - O N L Y  - ME M O R Y

T R U T H  TABLES

C-~E

- ‘  ~~~~~~~~ 
n . , ~~~~5 ’ W t ~~~T-~~~~ ~~~~~~~~~~~~~~ 

n 

- -  _ __ _ _  ,



V. —ia n-’—- -

~~~eedx,y~ ~j ’e 7A~r,v,r ~F, 

—

I

L W C  DCU Card , D20 H a r r i s  H PROM 1-82~~~-5B (32 x 8)

P A ( Y )  L A ( Y )  CP CPA3 CPA2 CPA 1 CPAO

Address  B7 B6 B5 134 B3 B2 BI H O

0 (32 H H H H H 0

H H H H I

2 H H H H 2
- - 3 H H H H 3

4 ( 3 t i )  H H H 4
5 H H H 5
6 I-i H H H H

7 H H H H 7

8 (40)  H H H H

9 H H H H H ‘a

10 H H H H 10

11 H H H H 11

12 (44) H H H H H H 12

13 x 13

14 X 14

15 H H 15

16 (48) H 16

17 H 17

18 H H H 18

19 H H I Q

20 ( 5 2 )  H H 20

21 H H H 21

22 H H 22

23 H H 23

24 (56) H H H H 24

25 H H I I  25

26 H H I -I 2 i

27 X 2 7

- a 28 (60)  x

2 5 _
~ X 2 ’

30 x
31 (63) X H

11 Hig h Log ic One F P r o g r a m m e d
Blank  Low Logic Z e r o  N GI P r o g r a m m e d

C-3
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DCU Card , C16 Har r i s  H PROM 1 - 8 2 5 6 - S B  (32 x 8)

P A ( Y )  L A ( Y )  CP CPA 3 CPA2 CPA ! CPAO

Address  B7 B6 B5 134 B3 132 B i  BO

0 X 0

1 X
2 H H H 2

3 H H 3

4 H H 4

5 H H H 5

6 H 13 6

7 H H 7

L 
8 H H H H 8

9 H H H 9
10 H H H 10

11 H H H 11

12 H H 12

13 H H 13

14 H H H H 14

15 H H H 15

16 1-1 H H 16 
—

17 H H H H 17

18 H H H 18

19 H H H 19

20 H H H H H 20

21 H H H H 21

22 H H H H 22

23 H H H 2 3

24 H H 24

25 H H 25

26 H H H H 2(~
27 H H H 27

28 H H H 28

29 1-1 H H H
a 30 1-~ H H 30

31 H H H 3 1

H F Hig h Log ic One Pro~zr a m r n e d
Blank Low Logic /,ero \ot, P r o g r a mmed

C-4
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- _ _ _ _ _ _ _ _ _ _

PROM Pa t t e rn  for D9 and D 10 on MW Cards. H PROM 1 - 1 0 2 4- S B

I ii.;

1 1 1 1 1 1 1 1 1  1 .  H ij H I’ ,- • i i  H 1 H i i i

I. . l.~~I - I 0~~ lH i 1 H  ~l l Ij 1 I1 ] ~ L H L 1 I 1 , l I1~~ IH 1 1 i 1 . j ) ~~~)

-~ —~ l l I ( ’ I e I. I I i : _ ’ ’l

- I I I -- H u h ’) Hi  , ‘i I ’ ) 
- , 1 H l i i i  

~, 
‘ I i i li  L I  I l l  - I I I

1 , 1 1  H I Ij ,,I H ‘~~ 

~, -u v I I I  1 - - _ ‘ ~~‘ a I I

I .  ‘ I I !  I I M H  I i  I ,  I M I  - I I I  H - ~ H 1 1  ‘ I I l l , , 1 1 , 1 m I H

:~ , HI-~~i - ) i  I , ,  il l - i  , ‘ I u W ’ I ” I

H I I I 1) - ) 0 -l 1 1. 1 I I ~~~i r ~~Li I 1 ,i l ’ L I i I. I 5 I, l s : I I I I

I ’I1~~~
I l I  I I - ’ I I i l l~ h u h  ( ) .. H..I I I a 1,. i~ 1i U  I. ” u h u 1 ~~ I h 1 ~~.u1 ,1

I e : i r — ~a1 i i .,l u , i s ,-: l~ ,~ ; . : — I: I i., h I : ) L: h — ,‘: m ’ c iH ,l) ,  1 
‘‘ r~ . II - 1:’:~ i

Output , I i . l LI l. I~~ i i l k )  ,i i : i i ~~’I ,, i bW- ) j HI~
- II . ’) . i i )  1L1 H . tH~~1 . ). M l I L I

‘H— — H I ’’ _ ‘ ,.-‘ I I I I I ’ l ’ ---I  _ _H:,~ _~~
) H 1 t .’ 

I

Decimal  I I  II  1 H I I Ii I H I H I H I i I I

PROM
,A , dd t— ess — — • - • — ——‘-

~~~~-— I ~~~ I I i ~ I

Tu ; I Iuu ~
u I i ‘ J I:, u I ~

’l j ,  ‘ ( i -~I h ’i I l ,, 1. ,:i i, :I ~~~~~~~~~ lv i i

H )  I I I  I I I H H) ) i  I I I
Outputs of I H I  1 I I I  I H i  I ~~ H i i  i i  V I I I I  I
D 1 O P R O M  

- - - - -

O~~J__ ow=Progran-’i 1.1 H :;~ . :)~ :s ~ :J~ I i  , H I i 1 i ~, ~~ , ‘ , I~’I i , I~~~~

I h I M  MH ) H 1 HMH H H ) I I  I 1MM H1  1 H Hi  h i M  H MM

- -c~ o cij  c:~ i u ~~,, I i ~~ 1- ~~~ ‘~.I ,~~~~~ ( : t) i (~ 4~~~~~~1 ( ) J I ~

H~~~l:,, h i ::.b s ,l~~~ui) : :i  ii l )
~
’l , III I:IH ‘ .:i~ l ( ) , U11~ ) V I I , I 11:JH

Outpu t s of - “ “ “  - - ‘ -

D9 PRO M 4~~~ 4 -7 ’I  
~- ) M j 1 ~~~-:, I V I  ;

~ 5 
~~~~~ 

- -

0= Low Progr am I I I I I  H I J H  1W H H I Ii H H 1 1 H ii 1W H I

— 
- — ,~~) ) - ‘I H ~ ” ~‘ i : ,, u:~s u i , l 4 4 o 1. ’ i k i i -

‘I i ’ u i ( (  i ’ I) ’ h I- ’) ms i~~I~~ )~( .1~~i 1 1 ~ 1. J i  i~~1 I~~ h I i 1 a I 1HI _ 1

:II .::I c:) I h j j  4~ -~~~~~ ): I j ~~ .: E l  HI’ 1 --~
I l I I I ) ’ h 1M 1 L1 1u . ñ~~. 1)

~~~~
’I U.1)J~~~~a M V I I )  1 I1V M . h i l l )  h i

1 4, .  i l b I L 1~I 
-H -I . i ’IH 11- 4l-~~ M HJ ~~ :‘,~~:

‘ ,

— ~) I .u I ’ici , 1~~l 1c l  I. ,I(:I):l _ i~) i , I- ,Iu 1 I i H ) ,I _ )
~~ IL11 ~:1i( :lU_~ ’uUlI)

1 I i i  M i  1 M M  i _ M V  1. I M ) 1  L I

~~j~i I : Ih ~~~
’u i i , ci 1I,:lI~~~~. 1l~ _ 1I~i i~~~

’b H . ~~1~~u 3l  . l ’ [MI~I .1 si ( h1

C-5
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I -  -~~ Ii ~~i H H lb - - I ~~~~ IJ h l  H 1 ) ‘~i 
• I:) H 4 -

~

I h - . 1l : ’ l)Ll 1’ l~~~~
’ 1 . 1l~~II~~ I I , l iI_ i i , ’I Ii l - 1 I I j ~~,j _ I ,i h i h I I

L i h I h i ;  : , L , E ’) h I  ‘i 5 ’ 
m : i~~~ e h ) l . i : ~~: i,’

~: u h i I b 4 ’ -

I ,) Hi , i ( I i i O  I I : h 1 I  i ’ ) J M M  1 ~~~~~~~ (:H I~ 1 1 ~- : I b 1 l l I , H i l l  II

I - E u i. V ’i ’
51 I1m 

~~~~~~~ 
‘) l - I ’ ~~~’ ‘:I ’” - I I I : - : ;—:  ,~ i~~~ , I I I ’ I - I H

ii ’EI , E i ’ i ’I  j i i : ’ I , c~ j h ’ I I :- I 1 j I h h h , l~’ I I i I , I ’ [  I
,,

h - ”) i H , ,  , i : : I L I , -: I

l, _ u ,
1
~~~~I~,~I~ iII:L_i — : ‘ ‘i I- I i- -i -: ’ ‘---l ’- ’ l ,, l , ) I h  

,,,
i i

I ’ h I ~~~l b I 0 (:l )_ i~~:1 iL iL );~j~~J u h~ij . ,:I(I ~~~~~~~~~~~~~~ I I ~ - h 1 ~~h , : I i- -I ’L I- I

I’’ s i ’ ’ v i’ IH s L ;  :I4. h I h i ~~ ’I ,I~ IbUuU) I I I1’: i ‘
~~i ‘~~II

,,
I 4 H

I I  I I l l  1 1 1 H 1 I V i  1 ] V I I  1 L M M  J M M  I i i i  ~i L M l  I I

I 1 ) ~~’) 1111 [ I I I (  I I I )  I

~ I j h I h - h L I . 1 ( ~I L I , (
~~ e I , 1~.iIi~ i 1) Ih I I ,i~~HIij . ~~i I 1 , I 1 , ) -~’ I i , i l ::h

~t,:m . . - ‘I ) ’ I , ”~ i~ ii  _ _,~~, 
I 1 ~~ i~~-l~~ ’b 1 i. ” u I~~i~ - J m - m

I - I I : , l ~I . . i. i , ( )  ~~~~~~~~~~~~~ 1 ,_ i l l  :I :i, ) ::l u ) .) ) - _ l I .:I~~ I h .~h~ _ , ’I j, I - h , I:: .I 1 , ), h , I

‘ l u  ~Ik1 H~u4 , L L ’ - , 1,1 1 1 - 1 1,1 .1 l 5 L ~h v HI”I

Ii I:h i:I , i~~~~ i 1. ‘j I. I IIJ , ~ui~:~ 
I i L I 1 I 1 E I . ~I~

’i(~ Ei ~~~~~ I’l l, il~ i

‘(i~ ’(~ I~I l ~h mc( ). ‘1 :111 ,

b~~~i 1 M , IHI”H :11~ i~~ . I~1~~ 1 I I  h i , I::lic i . 1M I ’II- - I I’ ”I ) , M , i i ,

i I I . 1 _ , S
~_I I~~”~, i ”I l ’ I 1~”~ [ b , I!:~~,, i l l - -I - - I - f  _j_ __ .~,1 J ,

I IIIII E; 5 5 1 L ) h h 1  .Ii~~I I ,:I .1~I) 1, (~ ~~~~~~~~~~~~~~~~~~ i’ l~ l L ~ i . i i

~~4 ~i I ~-I~~ ’~ ~ b h , Hi- i --V’ ‘ iH
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r _ _ _

Coordinate Converter Altitude Er ro r  Correct ion (Card 2)

F30 F26 L S B

Input Address  D C B A Q R S T

0-27 0 0 0 0 0 0 0 0

28-38 0 0 0 0 0 0 0 1

39-47 0 0 0 0 0 0 1 0

48-55 0 0 0 0 0 0 1 1

56-62 0 0 0 0 0 1 0 0

63-68 0 0 0 0 0 1 0 1

68-74 0 0 0 0 0 1 1 0

75-79 0 0 0 0 0 1 1 1

80 0 0 0 0 1 0 0 0

81 0 0 0 0 1 0 0 0

82 0 0 0 0 1 0 0 0

83 0 0 0 0 1 0 0 0

84 0 0 0 0 1 0 0 1

85 0 0 0 0 1 0 0 1

86 0 0 0 0  1 0 0 1

87 0 0 0 0 1 0 0 1

88 0 0 0 0 1 0 0 1

89 0 0 0 0 1 0 1 0

90 0 0 0 0 1 0 1 0

91 0 0 0 0 1 0 1 0

92 0 0 0 0 1 0 1 0

93 0 0 0 0 1 0 1 1

94 0 0 0 0 1 0 1 1

95 0 0 0 0 1 0 1 1

96 0 0 0 0 1 0 1 1

97 0 0 0 0 1 0 1 1

0 0 0 0 1 1 0 0

0 0 0 0 1 1 0 0

100 0 0 0 0 1 1 0 0

101 0 0 0 0 1 1 0 1

102 0 0 0 0 1 1 0 1

(‘-9

Irl& ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ J



Coordinate Converter Altitud e Er ro r  Correct ion (Card 2 ) (Cont )

F30 F2Ô LSB

Input Address D C B A Q R S T

103 0 0 0 0 1 1 0 1

104 0 0 0 0 1 1 0 1

105 0 0 0 0 1 1 1 0

106 0 0 0 0 1 1 1 0

107 0 0 0 0 1 1 1 0

108 0 0 0 0 1 1 1 1
109 0 0 0 0 1 1 1 1
110 0 0 0 0 1 1 1 1

111 0 0 0 0 1 1 1 1

112 0 0 1 0 0 0 0

113 0 0 0 1 0 0 0 0

114 0 0 0 1 0 0 0 0

115 0 0 0 1 0 0 0 0

116 0 0 0 1 0 0 0 1

117 0 0 0 1 0 0 0 1

118 0 0 0 1 0 0 0 1

119 0 0 0 1 0 0 1 0
120 0 0 0 1 0 0 1 0

121 0 0 0 1 0 0 1 0
122 0 0 0 1 0 0 1 1

123 0 0 0 1 0 0 1 1
124 0 0 0 1 0 0 1 1

125 0 0 0 1 0 1 0 0

126 0 0 0 1 0 1 0 0
127 0 0 0 1 0 1 0 0

128 0 0 0 1 0 1 0 1
129 0 0 0 1 0 1 0 1
130 0 0 0 1 0 1 0 1
131 0 0 0 1 0 1 0 1
132 0 0 0 1 0 1 1 0

133 0 0 0 1 0 1 1 0

C-b



Coordinate Converter  A l t i tude  E r r o r  Co rr ec t ion (Card  2 ) (Con t)

F30 F26 LSB

• Input Address P C B A Q R S T
134 0 0 0 1 0 1 1 0

135 0 0 0 1 0 1 1 1

136 0 0 0 1 0 1 1 1
137 0 0 0 1 1 0 0 0

• 138 0 0 0 1 1 0 0 0

139 0 0 0 1 1 0 0 0

140 0 0 0 1 1 0 0 1

141 0 0 0 1 1 0 0 1

142 0 0 0 1 1 0 1 0

143 0 0 0 1 1 0 1 0

144 0 0 0 1 1 0 1 0

145 0 0 0 1 1 0 1 1

146 0 0 0 1 1 0 1 1
147 0 0 0 1 1 0 1 1

148 0 0 0 1 1 1 0 0

149 0 0 0 1 1 1 0 0

150 0 0 0 1 1 1 0 1

151 0 0 0 1 1 1 0 1

152 0 0 0 1 1 1 0 1

153 0 0 0 1 1 1 1 0

154 0 0 0 1 1 1 1 0
155 0 0 0 1 1 1 1 0

156 0 0 0 1 1 1 1 1

157 0 0 0 1 0 0 0 0

158 0 0 1 0 0 0 0 0

159 0 0 1 0 0 0 0 0

160 0 0 1 0 0 0 0 0

161 0 0 1 0 0 0 0 1

162 0 0 1 0 0 0 0 1

163 0 0 1 0 0 0 1 0

c-li

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _ _
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Coo r dinate  Conv e r te r  Alt itude E r ror Cor r ec t i on (Ca rd 2 ) ( C ont )

F30 F26 LSB

Input Address D C B A Q R S T

164 0 0 1 0 0 0 1 0

165 0 0 1 0 0 0 1 0

166 0 0 1 0 0 0 1 1

167 0 0 1 0 0 0 1 1

168 0 0 1 0 0 1 0 0

• 169 0 0 1 0 0 1 0 0
170 0 0 1 0 0 1 0 1
171 0 0 1 0 0 1 0 1

• 172 0 0 1 0 0 1 0 1

173 0 0 1 0 0 1 1 0

174 0 0 1 0 0 1 1 0

175 0 0 1 0 0 1 1 1

176 0 0 1 0 0 1 1 1

177 0 0 1 0 1 0 0 0
178 0 0 1 0 1 0 0 0
179 0 0 1 0 1 0 0 1

180 0 0 1 0 1 0 0 1

181 0 0 1 0 1 0 1 0

182 0 0 1 0 1 0 1 0

183 0 0 1 0 1 0 1 0

184 0 0 1 0 1 0 1 1

H5 0 0 1 0 1 0 1 1

186 0 0 1 0 1 1 0 0

187 0 0 1 0 1 1 0 0

188 0 0 1 0 1 1 0 1

189 0 0 1 0 1 1 0 1

190 0 0 1 0 1 1 1 0

101 0 0 1 0 1 1 1 0

1q2 0 0 1 0 1 1 1 1
113 0 0 1 0 1 1 1 1

0 0 1 1 0 0 0 0

C-b 2

~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~ :~~



Coordinate Converte r Altitude E r r o r  Correction (Card 2)  (Cont )

F30 F26 LS B

Input Address  D C B A Q R S T
1~~5 0 0 1 1 0 0 0 0

196 0 0 1 1 0 0 0 1

197 0 0 1 1 0 0 0 1
• 198 0 0 1 1 0 0 1 0

199 0 0 1 1 0 0 1 0

• 200 0 0 1 1 0 0 1 1

201 0 0 1 1 0 0 1 1
• 202 0 0 1 1 0 1 0 0

203 0 0 1 1 0 1 0 0

• 204 0 0 1 1 0 1 0 1

205 0 0 1 1 0 1 0 1

206 0 0 1 1 0 1 1 0

207 0 0 1 1 0 1 1 0

208 0 0 1 1 0 1 1 1

• 209 0 0 1 1 0 1 1 1
• 2 10 0 0 1 1 1 0 0 0

211 0 0 1 1 1 0 0 0

212 0 0 1 1 1 0 0 1
J 213  0 0 1 1 1 0 1 0

-
~~ 214 0 0 1 1 1 0 1 0

• 215 0 0 1 1 1 0 1 1
21 ( 0 0 1 1 1 0 1 1

217  0 0 1 1 1 1 0 0

218 0 0 1 1 1 1 0 0

2 10  0 0 1 1 1 1 0 1
• 220 0 0 1 1 1 1 0 1

221 0 0 1 1 1 1 1 0

222 0 0 1 1 1 1 1 1

223 0 0 1 1 1 1 1 1

C-b3

~~~~~~ 
- _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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r
Coordinate Converter  Alti tude E r r o r  Cor rec t ion  (Card  2)  (Cbnt )

F26 LSB
F30

• Input Address  D C B A Q R S T

224 0 1 0 0 0 0 0 0

225 0 1 0 0 0 0 0 1

226 0 1 0 0 0 0 0 1

227 0 1 0 0 0 0 1 0

228 0 1 0 0 0 0 1 0

220 0 1 0 0 0 0 1 1

230 0 1 0 0 0 0 1 1

• 231 0 1 0 0 0 1 o 0

232 0 1 0 0 0 1 0 0

2 33 0 1 0 0 0 1 0 1

234 0 1 0 0 0 1 0 1

235 0 1 0 0 0 1 1 0

236 0 1 0 0 0 1 1 0

• 237 0 1 0 0 0 1 1 1
238 0 1 0 0 1 0 0 0

• 239 0 1 0 0 1 0 0 1

240 0 1 0 0 1 0 0 1

241 0 1 0 0 1 0 1 0

242 0 1 0 0 1 0 1 0

243 0 1 0 0 1 0 1 1

2 44 0 1 0 0 1 1 0 0

245 0 1 0 0  1 1 0 0

246 0 1 0 0 1 1 0 1

24 7 0 1 0 0 1 1 1 0

2 48 0 1 0 0 1 1 1 0

24~ 0 1 0 0 1 1 1 1

250 () 1 0 1 0 0 0 0

2 5 1  0 1 0 1 0 0 0 0

( -14

~~~~~~~~ - 
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Coordinate Converter Altitude Error Correction (Card 2) (Cont)

F30 F26 LSB

Input Address  D C B A Q R S T

252 0 1 0 1 0 0 0 1

253 0 1 0 1 0 0 1 0

254 0 1 0 1 0 0 1 0

255 0 1 0 1 0 0 1 1

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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DCU Card , C h a r a c t e r  G e n e r a t o r  ROM

r ~ X 7 CHARACTER FONT MMSOSS

A FILLED IN DOl HEPOESENTS A LOW MEMOHY O U T P U T

ASC II  A~~ A A~ A A 4 A 5 A~ A 4 A 5 A j  A 4 A~ A A 4 A 5 A 3 A 4 A ,, A A 1 A , A A 4 A,

INPUT 000 100 • 010 110 001 101 011 111

AD D RESS

44 1k• -

A A 1 A USU • ~~~~~ •U• •UUU •USUU •UUUU •UUU
• U U S  • U S • U S • • U •S . .  • • U U U U • S • •000 •... . U •SUU S S • US•• •U•• •U . S  ••••U • • U U • U U U 55
• U U • U U • U U U • U U
••.• • U •UUU •UU •UU• •S•U• U ••••

A A A  S U U 5 S
1 8 • • • • U U • US US U S • S

• U U S S U  • • • U  •U U • U
•.••• U U US U • • U  5 5 5  • •100 • • S S U S  S • S U  U •• S U
• S U S U S S U U U S S U U
• U •UU •UU U U •UUUS U U U U •UU

A A , A ,~ •USU USS ••j •  •UU •SUUS U U U U • •• U U U U U U U U • U U  U U U U U U
• U S S U U U U U U U U U S

010 555. 5 5 •••• •• ‘• U S U  U S  U U U S ~~~U 5 5 5
• S U S S U U S U S ~S U S U
• S . .  S U U.S U •UU S 5 5

A~~A 7 A 8 • • • • •USUU US5UU •UUUU
• U 5 5 U US U 55
S .  U S  S •5 U US110 • S U US U UU •UU

• U .  U U US U •S U U
• U U U US U •U
• U S •USSU UUUSS •U•UU •USSS

A , A A ~~ • U S  • •  5 55 • U• • •  ••  •••• •s U U S  U
• U U  USUSU U S  5 5 5  5

001 U U •US U
• S.UUS U S  U U S U

U S  •UUU U •U S S
• •.  U •U • U S

A 1 A 1 48 • •• U U S U  S S
• U 555 U U101 • • U SUUUU UUUU• S
• U •US U U S
• U U S U  S U U
• S U S U

A5 A 1 A 8 ••~ 5 555 5•••• 5 SUSUS •UU UUUUS
• U 55 U U S 55 U U U
• SS U U U U S  •SUS U

011 U S SUS U U U
S. U U U• ;  . U... . S U S S
• U S S U U • U S S U S

SUU USU USSUS ISU U 555 SUS S

A 1 A 1 A 8 •UU 555 U U USS
• U S S S U U S
• S U U S U S USSUS S

111 5•• 5555 5 U US
U S S U U 5 USUSS S U

• U U U U U U
U.. 555 U S S S

A ‘ ( A  A p ‘~ - ___________________

C — 1 ~
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IJD1 Ca rd , B23 Signetics 82S12 3 ( 3 2  x 8)

U oc UfldItl,j1h1 I N ~‘xt  Stat c

MEIS B MEISA SATNE CNSS UNSD UNSC U N S B  U N S~\

• A d d r e s s  137 Bo 135 B4 133 B2 131 HO

0 H H 0

1 H H H H 1

2 H H 2

3 H H H 3

4 H H H 4

5 H H H H 5

H H H

7 H H 1-I 7
• 8 H H H H 8

9 H H H H H 9
10 H H H 10

11 H H H H 11

12 12

13 
- 

13

14

H H H H 15

H 16

• 17 H H H 17

18 H H 18

19 H H H 19

20 H H H 20

2 1 H H H H 21

22 H H H 22

23 23
• • 24 24

25 2 5

26 2 6
27 27

28

29 29
30 30

31 31

H Hi gh Log ic One Programmed
Blank  L ow Log ic Z e r o  Not Programmed

C-17
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DDI Card , B29 Signetics 82S123 ( 3 2  x 8)

Condi t iona l  N, xt  Statc
MWGI  CNSD CNSC CN$ 13 CNSA

A d d r e s s  137 BO 135 B4 B3 B2 B 1 BO
0 H H 0
1 H H 1

2 H H 2

3 3

4 H H 4

5 H H 5

6

7 7

S H H 8

9 H H 9
10 H H 10

11 H H 11

12 12
13 H H 13

14 H H 14

15 15

16 H H 16

17 H H H 17

18 H H H H 18

19 19
H 20

2 i  H H 21

22 22

23 23

24 24

25 25

26 26
27 27
28 28

29 29

4 30 30

31 31
H E High Logic One Programmed
Blank Low Log ic Zero  Not Programmed
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APPENDIX D

MEMORANDA

“ Display Dat a Por t Programmin g” , (A• J• Jagodnik memo ~A J J - 2 1)

“Scan Converter  Drawing List” , (A . J .  Jagodnik memo #AJJ -26 )
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CI~ s s , f ica t , o n  Unc l a ,  s u i

D I V I  S I 0 N E quip r r i en t  Contract No. l)NA I)() 1 - 7 5 - C  _ 005 1)
0 p e r  a t ,  o n  ~~DL
D e p a r t m e n t  ADL Distr i but ion As Listed

To J. H. Turner File No. -

• From A . J . Jagodnsk , J r .  Memo No. AJJ -21

Su biect Disp lay Data Port  P r o g r a m m i n g  Date 2 6  M a r c h  1) 7 5

R e f e r e n c e :  1. AJJ-17 , ‘Desi gn Plan fo r  the Disp lay Data I n t e r fa c e  of the
Li quid Wate r  Content  Anal yzer  Systern~’ dated 17 Dec. 1 174

2 . Scan Conver te r  and Contour  R e f r e s h  M e m o r y  E qui pn ci~t
Informat ion Report , June 1974 .

The Disp lay Data In terface  desi gn p lan c3ntains sec t ions  e n t i t l e d
“O pera t ion  of the LWCA Contro l  Panel ’ and “H a r d w a r e/ S o f  v a r e  I n t e r a c t i o n ’ .
The purpose  of th i s  memo is to expand upon the contents  of ~ ,ese s e c t i o n s ,
based upon the exis t ing h a r d w a r e  which d i f f e r s  sli ghtl y f ro  ‘i that ori g inally
p lanned. The p r o g r a m m e r  should find h e r e  in fo rmat ion  r ‘~~ded to ~v r i t e
assembly language p rog rams  for  the pu rpose  of communicat ing be tween  the
scan conver t e r  color disp lays and the analy z er  ( In te rda ta  7/ 32  m i n i c o m p u t e r ) .

The f i r s t  sec t ion  consis ts  of  o p e r a t i n g  ins t ruc t ions  f o r  the LW CA
• control  panel and s can convers ion  p roces so r , whi le  subsequent  sec t ions

d iscuss  address ing  conventions and each of the three  bas ic  types  of data
t r a n s f e r s :  W r i t e  Disp lay Memory ,  Read Disp lay M e m o r y,  and C u r s o r  Data
E n t r y .  P rog ramming  exam ples a re  also inc luded .

Opera t ion  of the LWCA Scan Conver te r

• Scan conve r t e r  opera t ion  is covered in Re fe rence  2 ; the i n f or I 1~~~~’~~,
p r e s e n t e d  h e r e  is in tended to se rve  as a supp lement  a .~d c o v e r s  o p er a t i o n  ‘.‘ th
the LWCA C o n t r o l  Panel i l l u s t r a t e d  in Fi gu re  1. Excep t  for  the E R \ ~~1.
DISP LA Y b u t t o n s , all  of the switches  on the con t ro l  panel a lso s e rv e
i n d i L a t o r ,  con t ro l l ed  b y the i r  s tate and /o r  the DDI ( D i s p lay Data l n t e r f a , c )
w , t 1~~i~ the  •, , a n  , o n v cr t e r .  An exception is the con t ro l  labe led  DATA SOCO~~ J .
TAPE w h i c h  f u n c t i o n s  onl y as an indicator  to denote the fac t  tha t  the P r e ci s i o ’
Di~~i t a l  Video In t e g r a t o r  has been set to accept  data f rom Mag Tape for  u i s p ~~~,
on the  scan ~~~ I 1 \  e r t e r .

The LWCA TO DISP LA Y cont ro l s , when  lit , ind ica te  tha t  ~\ r :~ c
a n d / o r  read data t r a n s f e r s  a r e  enabled in the h a r d w a r e .  They a r e  a f f e c t e d
by s ev e r a l  con t ro l s  on the  Scan Co n ver s i c~-i P r o c e s s o r  a~ i nd i ca t ed  in Table  I .
The s ta te  of t h e s e  con t ro l s  can be uni que l y d e t e rm i n e d  f rom the s l a l u s  • : t e
of the Disp lay Da ta Port  which has been ass i gned d e v i c e  number  X ’~~lY .
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Table 1

LWCA to Disp lay Device Xt 8B I
Scan Cony . Controls  Switches Indicators Status Byte

Mem o ry  C o n t r o l  W r i t e  Read W r i t e  Read
M ode Store  Video On/ Off  On/Off  On /Of f  On/ Of f  0 1 2 3 4 5 6 7

A A l l  OFF’ X X Lit Lit x x x I x 1 1 1

A One or X X Dark Lit x x x 1 x 0 1 0
More ON

Not A All  OFF Off Off Dark Dark x x x 0 x 0 0 1
Off On Dark Lit x x x 0 x 0 1 1
On Off Lit Dark x x x 0 x 1 0 1
On On Lit Lit x x x 0 x 1 1 1

Not A One or X Off Dark Dark x x x 0 x 0 0 0
More ON On Dark Lit x x x 0 x 0 1 0

X = don ’t care

The scan conver te r  wi l l  ope ra t e  n o r m a l ly in the  f o l l o w i ng  m o d e
swi tch  po s i t i c n s :  PPI , RHI , CAPPI  and B . If the appropr ia te  LWCA TO
DISP LAY i nd ica to r  is lit , the ana ly z e r  ca n r ead  or w r i t e  into the  d i sp lay

e memor ie s .  In mode switch pos i t ion  A , the n e c e s s a r y  condi t ions  fo r  LWCA
opera t ion  are  set up;  these  a r e :

( 1 )  Scan c o n v e r t e r  in RHI mode ,

(2 ) LWCA TO DISPLA Y R E A D  ind ica to r  f o r c e d  ON

( 3 )  LWCA TO DISPLA Y WRITE in d i c a t o r  f o r ced  ON if the  c o n v e r t e r
m e m o r y  buss  is ava i lab le  ( a l l  STORE VI DE O swi t ches  O F F ) .
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The scan converter  ERASE VIDE O but tons  used in n o r ,  al o p e ra t i on
do not erase the ent i re  screen; the contour threshold  legend area is left un-
changed.  In addi t ion, a mask obscu res  from view certain areas  w i t h i n  the
anc i l l a ry  data por t ion  of the sc reen .  These a reas  contain coded informa t i o n
ava i lab le  to the anal yz e r  and needed b y the con tour ing  ha r dware .  The  E R A SL
DISPLAY but tons  on the LWCA C O N T R O L  PANE L not on1~ e r a se  the e n t i r e
disp lay, but  also inhibit  the mask  so that  the ent i re  s c r e e n  iS ava i l ab le  to
disp lay informat ion  f rom the p roces so r .  The mask  and ih e  lege nd a r e
res to red  when the operato r actuates the corresponding STOR E THRESHOLDS
button on the scan conversion processor .

The cursor can be made to appear in any disp lay b y depress ing  the
appropr i a t e  CURSOR ON/OFF switch;  the on state is indicated by i l lumina t ion
of the switch.  The cursor , a blinking sing le point on the dI s p lay, can be
located anywhere on the screen by means of the C URSOR POSITION t rackball .
The cursor  changes color as a funct ion  of its s u r r o u n d i ng s  so as to remain
vis ib le .  During normal scan converter operation, the mask  wi l l  obscu re  the
cursor .  If the cursor  cannot be found , the fol lowing p rope r ty  may  be u s e f u l :
along the Top and Left edges of the disp lay, the cursor  will  s top even if the
t rackbal l  is rotated too fa r. At the bottom edge , the cursor  d isappears .

• When moved beyond the ri ght  edge , it reappears at the left  where  it f inal l y
stops about an inch f rom that edge; however , if the SEND DATA b u t t o n  w e r e
pressed  with the cursor  in such a posit ion , the address  would be w r o n g .

The colo r/ i n t ensit y  code covered by the cursor , as we l l  as i ts
coordinates, can be entered into the ana lyzer  b y pushing the app rop ri a t e
SEND DATA but ton.  The corresponding cursor  m u s t  be swi tched-on  for
this  action to be recognized.  The SEND DATA switch will  li ght wher  de-
p r e s s e d, if the DDI control  logic is in the proper state, a, wi l l  ext inguish
about one-half  second af te r  the resul t ing i n t e r r u p t  has been serviced by the
a na 1y z e r . ’~ P r e s s i n g  the INI button on the analy z e r  console should a lways
t u r n  off any SEND DATA indicators  which are lit fo r  whatever  reason .

I ~~
. Disp lay Convent ions

The fou r  d isp lay channels , numbered  one th roug h four , contain
independen t  m e m o r i e s .  Each m e m o r y  is o rgan ized  so that its add res s
cor responds  wi th  the (X , Y) coordina tes  wi th in  a 248 by 320 point  ma t r i x  as
i n d i c a t v d  in Fi g u r e  2 .  Each point can take on one of sixteen c o l o r / i n t e n s i t y
combinat ions  as l i s t e d  in that fi g u r e .  (The obse rved  colors a re  a f u n c t i o n
of the s e t t in g s  of an a r r a y  of switches  in each memory  in te r face  uni t ;  those
co lo r s  l i s t ed  c o r r e s p o n d  to the s e t t i ngs  indicated in Fi gur e 4 - 11  of R e f .  2 . )
N o t c  tha t  color 15 ha s  a n o n - o v e r  w r i t e  p roper ty :  once this code occup ies a
po int , the  o n l y  way the  a b r  code at that  point  can be changed is by e r a s u r e .

• If an y  Sl’ . \ 0 DATA i i 1 r l~ c a t o r  is l i t , no c u r s o r  w i l l  r e spond  to the  t r a c kb a l l .
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The ancillary data area has significance only in normal scan

• converter operation; its outl ine is indicated in Fi g ur e  2 , w h i l e  the de ta i l s
of its contents appear in Fi gure  3. Informat ion  n e c e s s a r y  fo r  inter-
pre t a t ion  of the radar video data port ion of the disp lay ( sca l ing,  or i g in
location, tim e, contour  thresholds, and antenna ang le) is ob ta inab le  by
reading the f o u r -b i t  codes in the patches  ind ica ted .  Each of these  patches
contains the same f o u r - b i t  code at all addresses  wi th in  it. Mos t  of the

• code patches have dimensions of 5 x 4 points  ( the  same as the color patches)
• except for  the ori g in location and scaling codes which are  onl y 5 x 1. In
• e i ther case , it is onl y neces sa ry  to read one po int  per patch , un less  som e

sort of error correcting schem e is im p lem ented to make use of the redun-
dancy.

Points w r i t t e n  as color 15 by a normal ly operat ing scan conver ter
(no t  through the disp lay data por t )  within the anci l lary data area do not have
the non-overwri’e proper ty. Any address in the anci l lary data area which is
not occup ied b y a 4 x 5 patch or an 8 x 5 character  can be used fo r  s to rage
of a 4-bi t  word (e. g . ,  to “mark”  a s tored video image) except for  the 8 x 5
area under each color patch.  Onl y the charac ters  and color pa tches  a r e
disp layed; every thing else in the anci l la ry  data area is masked.  Again , ,.he
entire  disp lay area is erased (changed to color zero)  and the mask is
inhibi ted when an ERASE DISPLAY button is pushed, the entire  area is now
available to accept data f rom the ana lyzer .

General  Comments on the Disp lay Da ta Port

The ha rdware  which compr i s€ s  the disp lay data port  control ler
cons i s t s  of two p a r t s :  an Interdata  Un ive r sa l  Log ic In te r face  (Ul l)  and a
Raytheon-des igned Disp lay Data Interface (DDI).  The ULI responds  to
device add ress  X ’8B’ and contains in t e r rup t  and byte /hal fword  log ic contro lled
b y bits 0, 1 and 2 of the command byte (see Fig u re 4 , note 2) .  Bit 2 should
a l w a y s  be zero  since the d isp lay data por t  operates only in the byte mode.
Bits 0 and 1 s ff e c t  i n t e r rup t s  in the following way:  0 1- in te r rup t s  enabled ;
1 0 - i n t e r r u p t s  disabled but queued;  1 1 - i n t e r r u p t s  disarmed (nei the r  accepted
nor queued) ; 00-prev ious  i n t e r rup t  state unchanged.  The ULI does not a f fec t
any bi ts  in the s ta tus  byte .

The DDI contains control log ic which is descr ibed b y the state
d iagr ~’m i ’~ Fi gure  4. Much of the notation h e r e  wil l  not be of concern to the
pr o g r a m m e r .  It is su f f i c i en t  to note that s ta te  t rans i t ions  are typ ically

• caused by execution of the 7/ 32  I/ O ins t ruc t ion  listed be fo re  the comment
under  each t r a n s i t i o n, or by a ha rdware -gene ra t ed  i n t e r r up t .  Operat ion of
the  DID! contro l  log ic depends on the state of b i ts  4 , 5 and 6 of the command
byte  as tabulated at the lower ri ght of Fi gure  4 . Also  located there  is a
def in i t ion  of the s ta tus  byte,  of which bits 3 th roug h 7 a r e  used .
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W r i t e  Disp lay Memory

• Three  d i s t inc t  types  of w r i t e  opera t ions  which  m i ght be u se fu l  in
various situations are suppor ted  in the DID! control  log ic. Cont ro l led  b y
bits  4 , 5 and 6 of the command b yte (Fi g u r e  4) ,  they include:

( 1)  0 0 0 - W r i t e  s ing le point or m u l t i p le p o i n t s  the sam e color .  The
f i r s t  wr i t e  i n s t ruc t i on  t r a n s f e r s  SA, XAM and color code, whi le  succeeding

• pairs of ins t ruc t ions  t r ans fe r  (X A, Y A). The notation used here  is exp lained
in Fi gure  2; and the r e l a t ionsh ip to the In te rda ta  bit  n u m b e r s  can he de te rmined
from Table ~ .2. This type of t r ans fe r  mi ght be usefu l  whe re  many  points of the
same color a re  to be plotted and it is not convenient to r e - w r i t e  SA, XAM and
the color code for  each point. An example is l isted in Table 2 . Af t e r  the
initial  wr i te  ins t ruc t ion, the following pairs  cor respond to ha l fwords  so that a
halfword table conta ining (XA , YA) values could be easily accessed  sequentially
using a wri te  block ins t ruc t ion .

(2 )  0 0 1 - Wri te  sing le point or mul t iple points d i f fe ren t  colors.  This
sequence operates  as the one descr ibed above , except that a f te r  the YA t r a n s f e r ,
the next i n s t ruc t ion  t ransfers  another number for SA, X~j~,j and color.

(3 )  0 1 0 - Write multi ple points , ful lword  boundaries.  This sequence
• operate s as the one descr ibed above , except that af ter  the ~ A t r a n s f e r , the

next ins t ruc t ion  t r a n s f e r s  nothing (see Fi gure  4 , state W4), while  the one
f o l lowing  it t ransfers  anoth er number for 5A’ ~~~~~~ and color. This type of

• operat ion is intended for sequentially wr i t ing  from fu l lword  tables where  each
fullword contains SA, XAM, COLOR, XA and YA for one point.

The Scan Conver te r, althoug h it has an independent m e m o r y  fo r  each
disp lay, shares  a memory  address  buss among the four  disp lay channels .
When  one or m o r e  STORE VIDEO switches is on , this buss is not avai lable  to
the disp lay data port  and the wr i te  disp lay memory  operat ion is disabled in the

• ~,,•• hardware .  It is also disabled for  certain other switch se t t ings  as indicated in
Table 1. W h e n e v e r  the wr i t e  operat ion is disabled, statu s bit  5 is zero.  Before
a w r i t e  opera t ion, it is good pract ice  to check status to de te rmine  that bit 5 is
one , al though noth ing  wi l l  happen if a w r i t e  is a t tempted, because  the ope ra t i on
is d isab led  in the h a r d w a r e .  Status bit 4 should be checked to make  s u r e  it is
zero ;  this  b i t  i nd ica tes  that  a cur so r  data t r a n s f e r  is in p r o gr e s s  and that  the
d i sp lay data port  is not avai lable .

2 .  See page 13 fo r  t a b l e .
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Read Disp lay M e m o ry

There are  two types of read operat ions, depending on whe the r  or
= not the scan conver ter  memory  buss is available.  If the buss is available

(al l  STORE VIDEO switches off ;  s tatus bit 7 = 1), then a normal  read , wh ich
operates  in much the same way as the wr i te  disp lay memory  t r a n s f e r  des-
cr ibed in the preceding section, can be executed. Otherwise, the process
m u s t  be a s low read, which involves an in t e r rup t  se rv ice  rout ine.  Both
types of read operations are inhibited if the read indicator is not lit ( s ta tus
bit 6 = 0, see Table 1).

• Read Disp lay Memory  - - Normal

An exam ple of this type of data t r ans fe r  appears  in Table 2. F i r s t ,
the status is sensed to ensure  that the memory  buss is available, the read
indicator is on, and that no cursor data entry is in p rog res s .  Next , the
proper  cc~mmand byte is output to device X ’8B’ and 5A’ XAM, XA and ~ A
are t r ans fe r red  jus t  as for the wri te  operation. At this point, a delay of at
least six usec;  ( for  exam ple , four  BTCR 0, 0 ( ‘) ZOO)  ins t ruct ions) mus t  be
executed so that the hardware  is sure  to have the required  data ready.
Lesser delays mi ght work but have not been tr ied.  Next , a read ins t ruc t ion
is executed; the 4-b i t  color code appears  in the four  least si gnif icant  bi ts  of
the second operand. Finally, a command byte can be output to leave the
control log ic in state I.

Read Disp lay Memory - -

If , in the preceding section, s tatus bit 7 had been found to be zero ,
then a s low-read operation must  be used. An examp le is found in Table 2 .
Steps 0 through 6 are  the sam e as for  a normal read , except that in te r rup t s
are enabled. The control log ic , a f ter  s tep 6, ends up in state SR4 (see
Fi gure  4) where  it waics for  an in te r rup t .  This wait could last as long as
16 milliseconds and ends when the DDI has obtained data . Other process ing
can be executed during this wait in terval .  When the in te r rup t  occurs , a

• sim p le in te r rup t  service  routine consist ing of steps 8 th r oug h 10 of the
exar~ip le in Table 2 completes the operation. ~~

Details on i n t e r rup t  process ing  can be found in Iriterdata Documents :

Model 7/32  Refe rence  Manual , Pub . No. 29 - 399R01, Section 2 . 4
32-Bi t  Ser ies  “ Pub. No. 29 - 365R0 1, Chapter  7.

D-8

~ 

~~~~~~~~~~~~~~ ‘ : 
_ _ _ _ _



-~~~~~~~~~~
__

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U n c l a s s i f i e d
AJJ -2 I
2 6  March  1975
Page 7 of 17

Cursor  Data En t ry

As does the s low-read operat ion, the cursor  da ta entry makes
use of an i n t e r r up t  se rv ice  rout ine  and a data acquis i t ion method which
does not r equ i re  the scan converter  memory  buss .  There  is , however ,
no long delay because, fo llowing the p ress ing  of a SEND DA TA button , no
in t e r rup t  is genera ted  unt i l  after  all r equ i red  data has been obtained. The
cursor  data entry requi res  that the DID! control log ic be in state I and that

• the UU has i n t e r r u p t s  enabled; hence , s tep 0 of the exam p le in Table 2 .
The remainder of this exam ple is an in t e r rup t  service routine which checks

• the status to see that the in ter rupt  was caused by a cursor  data entry,
outputs a command byte to disarm fu r the r  in te r rupts , then t r a n s f e r s  SC,
XCM, XC and Y C to the second operand locations of the three  read in-

• s t ruct ions.  Finally, the control log ic is re turned  to state I, in ter rupts  are
again enabled, and the ori gina l program status word is res to red .

Programming Examples

The SCPLT subrout ine  l is ted in Table 3 was used in the Liquid
Water Content disp lay subroutine to take care of get t ing the ninth b i t  of X
in the ri ght p lace and to execute the necessary  10 ins t ruc t ions  for  w r i t i ng
one point. The inputs were left in reg is te rs  and the subrout ine  was called
using BAL F, SC P LT . Because no other data t r ans fe r  modes were  being
used in t . ~ s app lication, the command byte was p rogrammed to always leave
the ULI with in te r rupts  disarmed. SCPLT is called many times dur ing the
main program;  it always leaves the control  log ic in state I. But in order  to
ensure  that the very f i r s t  point is p lotted , the following ins t ruc t ions  should
be executed before SCPLT is called for  the f i r s t  time:

LHI B , X’8B’
OC B, DDICMDZ

Thus forcing the control  log ic to state I.

Another  way to s t ruc tu re  SCPLT would put what is now line 72
(Table 3) a f t e r  line 58 , thus SCPLT would not leave the control  log ic in
state I , but would fo rce  it there  f i r s t  each tim e it is called. A th i rd  method
would involve forc ing  the control logic to state I onl y once , then not us ing
any OC ins t ruc t ions  at all in SCPLT itsel f .  This method is the sim p lest
and fas tes t, but depends on nothing dis turbing the cont r o l log ic between cal ls
of SCPLT , where it would be left in state RW 1 (Fi gure  4).
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Table 4 lists a program to copy one disp lay to another . I t was
• wri t ten di rec t l y in machine lan gu age as a diagnost ic  to test  the hardwa r e,

which it does very well  since it accesses all disp lay memor y locations and
exercises the read ci r cui t ry  in the sour ce disp lay and the write c i rcui t ry
in the output  disp lay. A good test of the hardware  would consist of the
following :

1) Sto re a test  pattern or radar data image which contains all
16 colo r s in disp lay 1; erase dis p lays 2 , 3 and 4 .

2) Put Q = 0 0 0 0 and P = 0 0 2 0 into the program and run.
Disp lays 1 and 2 should now be identical.

3) Put Q = 0 0 2 0 and P = 0 0 4 0 into the program and run.
Disp lays 1, 2 and 3 should now be identical.

4) Put Q = 0 0 4 0 and P = 0 0 6 0 into the program and run.
Al l  disp lays should be identical.

• 5) Erase disp lay 1.

6) Put Q = 0 0 6 0 and P - 0 0 0 0 into the program and run. All
disp lays should again be identical.

Table 4 is shown set up f or a nor ma l read; to exercise the slow
read , follow the directions at the end of the table. Execut ion of the copy
prog ram takes about three seconds in the normal read mode, and five
seconds in the s low read mode. If  the ful l  16 mi l l i seconds  delay we re
incurr ed at every point in the slow read mode , the program would require
over 2 1 minutes for execution• The reason it only takes 5 seconds lies in
the f or mat adopted f or sca nnin g in the copy program. Examination of
Table 4 will  reveal that the copy process  is basically accomplished by
reading one po int from the source disp lay, wr i t ing that data into the same
address in the output disp lay, incr em enting b y one to the next Y address , then

repeating. When Y reaches 248 , X is incr emented b y one and Y goes back to
ze ro. The fact  that Y changes more rap dil y then X is the key to the r eason

• - . for the unexpectedly fast performance in the s low read mode. The average
delay is onl y about 67 m ic roseconds beca u se of the way in which the copy -
p rogram scan interacts with the display ras te r - scan .

A .1~~ a~~~ 7~~~~Advan e l ec t ron ic  Techni ques
AJJ/ l ld  Way land Bo x M9, x2 736

cc: K. M . Glover (AFCRL , Sudbury)  (3)
L. P e r r y  ( E R T )
R . B. Marsha l l
W . C. A n d e r s o n
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(X , Y) ;  0 � X ~~3l9;  0 � ‘f �247

(0 , 0) ________________________________________ (319, 0) R epresented b y 8-bit  codes:

(X , 8)— Disp lay coord. - XA, ~A

Cursor coord. - X-~, ‘
~
‘c

R epresented  b y 1-bit code :
Radar Video ~ncil lar y

( 2 54, \~)~~~ 
Disp lay coord. - XA~~

Dis p lay Area Data Area Cursor coord. - XCM

(X , 17 9)_ [’
k 

( The most significant

(249, Y)—.- Represented by 2 -bit codes:

(0 , 247) (319, 24 7 ) Disp lay se lect - SA
Curso r select - S~
(Se lects one of the fou r
channels; 00= disp lay ~ l ,
0 1= disp lay #2 , etc. )

Color Code Relat ive Video Voltage
(4-Bits)  Red Green Blue Observed Color

0 0 0 0 Bla ck
1 7 0 7 Magenta
2 5 0 7 Vio let
3 3 0 7 Blue-Violet
4 0 0 7 Blue
5 0 3 7 Cyan-Blue
6 0 7 7 Cyan
7 0 7 0 Green
8 3 6 3 Lt. Green
9 6 6 6 White

10 3 3 3 Gray
,JS 11 7 7 0 Yellow

12 6 2 3 Pink
• 13 7 2 0 Orange

14 7 1 0 R ed-O r ange
15 7 0 0 R ed ( Can ’t be overwr i t t en)

Fi gure 2. Disp lay Addressing an d Color Code
Conventions for Each of the Four Channels
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‘l able 2 .  Examp les of Display Data Port— I/ O Operations
(F or Interrupt-Driven I/O : ISP Table Loc . X’ E1G’ = X ’  DO ’ + 2 x (Dcv . No.: X’ 8B ’)
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‘l’ab le 1. Program to Copy One Disp lay to Another

6000 C 8.L0 LEI A ,Q source display s 1 2 3 4
2 

— 
Q. ; 0000 0020 0040 0060

4 C8BO LII I B ,P output display : ~s 2 3 4
6 

— 
P : 0000 0020 0040 Oc-60

6 C880 Liii 8,8B device code in reg. 8.
A 006B
C C890 Liii 9, C8 cmd byte for read in reg. 9.
E 0008

6010 C850 11H1 5, 02 ~nd byte for write in reg. 5.
2 00C2
4 24D0 LI~ D ,0 zero reg. D..
6 24E0 LIS E ,0 “ ~‘

8 9E89 OCR 8,9 output cnd byte for read.,
A 9A 84 wDR 8,A write SA ,X

~~C 9A80 WDR 8,0 XA
E 9A8E WD2. 8,E “

6020 0200 BTCR 0,Q delay (NJ c~- oi ’)
2 0200 BTCR 0,0
4 0200 BTCR 0,0
6 0200 BTCR 0,0
8 9880 RDR 8,C read. data into reg. C.
A C4CO I’~BI 0 ,2 mask all but the 4 lsb of reg. C.
C 000F
£ 9E85 OCR 8,5 output ~ nd byte for write.

* 6030 OACB Ai~ C ,B get the output display code in reg. C.
2 9A8C ~~~ e ,c write SA,X~~ ,Co1or
4 9A8D WDR 8,D “

6 9A8E ‘~DR 8,E “

8 26V AIS E ,1 increment ~A by 1.
A C9~0 CIII E~,F8 compare ~A with 248
C 00F8
£ 4320 BNP 6018 if Y &~~ 248, go to 6018.

6040 4000
2 6018
4 2 61)1 AIS D ,1 increment XA by 1.
6 24E0 US E ,0 zero 

~A•
8 C9DO CIII D,100 compare XA with 256,
A 0100
C 4210 BI: 601 8 if  X,,~( 256 , go to 6018.
E 4000

6050 6018
2 4330 BI~E 6064 11’ XA #256 , go to 6064 .
4 4000
6 6064
8 C9DO CIII D,13F compare XA with 319.
A 013F
C 4320 BNP 6018 if ~~~ 319, go to 6018.
E 4000

6060 6018
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Table 4 . (Cont inued)

6062 2200 BFBS 0 ,0 branch uric, to self.
4 CAAO Aff I A ,10 add 16 to reg. A (make X .d,.~ 1) ,
6 0010
8 CABO liii B ,10 “ “ “ “ B
A 0010
C 4300 B 6018 go to 6018,
£ 4000

6070 6018

To do the same task us ing the slow read mode, change:

6ooE 004L c~ d byte for slow read , interrupts enabled .

6020 2200 BFBS 0 ,0 branch uric, to self.

and include the following interrupt service routine:

6100 2612 AIS 1 ,2 increment reg. 1 , the b c  part of the PSW ,
by one halfword to bypass the 2200 at 6020 .

6102 1800 LPSWR 0 ,0 res tore the P5W

Run with immediate interrupts enabled , in reg. set 0. (1~~w=40oo )
In the interrupt service pointer table , at D0+2x8B , put the
start ing add.ress of the interrupt service routine :

0E16 6100

Note: This program was written diectly in machine language ; it was never
assembled by CAL. The assembler notation included here is incorrect for
CAL in that all numbers lis ted are in hex . In CAL , such numbers mus t be
represented as X ’N ~N~~ ’ or Y N~NN~1~N ’ , except for 0—9.
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Closss ~,co~,on U n c l a s s i f i e d

L I V I S I O N  EQUIPMENT Con trac t No.
O p e r a t i o n  EDL - W a y land
D e p a r t m e n t  Ad vanced Development Labora to ry  Dis tr ibut ion L isted

To J. H. T u r n e r , J r .  File No.

F rom A . J. Jagodnik , J r . Memo No. A J J -2 6

Sub iec t Scan C o n v e r t e r  D r a w i n g  List Date 4 June 1975

The fac t  that  two sl i g h t l y d i f f e r e n t  scan c o n v e r t e r  r e f r e s h  m e m o r y
sy ;t e ms  have  been ~u i it  ~nd tha t ,  both have been e x t e n s i v e l y  modi f ied  in
d i f f e r en t  ways  has led to some confus ion in the area of the  dpp l i cab i l i t y  of
d rawings .  The Table c ontained he re in  is intended to resolve  the  confusion.
It contains all d rawings  related to the  scan  c onver te r s , ordered  b y R ay t h e o n
drawing  number , and indicates the equipment  to which each is app l icable .
Also included is in format ion  descr ib ing the size , type and form of each
drawing and whether  or not it re fe rences  other drawings .

AaJIJ)~
7dflj k

Adva c d Electronic Techniques
Wayland , Box M9, Ext. 2736

• /b p

cc: G. Dennis
K. M. Glover (3)
D. L. Keefe
J. C. Murray
L. R. Novick
J. C. Westphal

I.
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