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I -1. SCOPT AND ARRANGEMENT
The Altair  680b universa' l  I /0 Board Documentat ion provides a

generai descript ion of the printed circuit  board and detai led theory
of i ts operat ion. The manua' l  contains f ive secttons as fo] ' lows:

1.  sect ion I  conta ins a genera i  descr ip t ion of  the Al ta i r  680b
Universal I /0 Board.

2.  An explanat ion of  para l le l  (P iA)  and ser ia l  (ACIA)  por t  se1ect ion,
including the port structure and operat ion, is presented in
Sec t ion  i I .

3 .  Sect ion I I I  inc ludes a deta i led theory exp ' lanat ion of  the 680b
Uni versa' l  I /0 ci  rcui i  operat ion .

4 .  Sect ion IV conta ins inst ruct ions for  ins ta l l ing the Universa l  I /0
Board into the A1ta' i r  680b computer.

5. Troubleshooting inforrnai ' ion for the 680b Universa' l  I /0 Board is
found in  Sect ion V.

1-2.  DESCRIPTION

The 6B0b Universal I /0 Board provides two para' |1e1 ports and one
serial  port whi ' le occupying only one s' lot on the 680b expander card.
The design of the parai ' lei  and serial  ports is based upon two peri-
phera' l  ICs, the 6820 Para]1el Interface Adapter {PIA) and the 5850
Asynchronous Conmunicat ion inierface Adapter (ACIA), respectiveiy.

The PIA coniains a' l l  Control and Data Registers, thus most opt icns
are sof iware se1ectable.  These opt ions inc lude data d i rect icn (each

data ' l ine can act  as an input  or  an output )  and in ter rupt /cont ro ' l
structure. The Uni,rersal I /0 Board can be expanded up to two parai ' ie1
ports. ' l j i th on' ly one PIA paral le ' l  port,  ihe board can hand' le iwo in-
puts (such as a papar tape reader or keyboard) or two output devices
(such as a paper iape punch and printer) or any ccmbination of custom
appi icat ions.  A Universa l  I /0  wi th  two PiA para ' l1e i  por ts  has 32 data
' l ines (each group of  e ight  is  ind iv idua ' l iy  se" lectab le)  and a ' l l  data I  ines
are fu l ly  TTL compatab ' le .  i , lhen ut i l ized as outputs ,  e ight  o f  the '16
daia l ines are capabie of  d i rect ly  dr iv ing the base of  a  t ransr 's tor
srv i tch ( . l .5v  at  

' lma) .  The Universa ' l  I /0  is  a lso prov ided wi th  a  para11e1

8-b i t  non- ' la tched output  a t  TTL leve ls .

December,  1976
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The ACIA a l ]ows daia to  be taken in  f rom a dev ice in  ser ia l  and
transferred onto the data bus in paral1ei.  Data can a' lso be entered
from the data bus into the ACIA in paral le ' l  and sent out to a device
in seria' l  form. The ACIA contains both Control and Status Registers.
F ive cont ro j  I  ines a l ' low maximum ut i l  izat ion of  sophis t icated termina ' ls .
The f ive cont ro l ' l ines are Transmi t  Data,  Receive Data,  Data Carr ier
Detect,  Clear To Sendr drd Request To Send. The 8-bit  Status Register
a' l lows for greater contro' l  and handshaking abi i  i ty by indicat ing re-
ceived data avai ' lab' le, transmitter buffer empty, carr ier detect,  clear
to send, framr'ng eror, received daia overf low, pari ty emor, and
inter rupt  request .

i l o a O l T : h o F  l Q / i -e s e ! , r r v s r  t  I  r .  v

680b u. t /o
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2-1. GENERAL

Sect ion I I  conta ins a deta i led descr ip t ion of  the MITS Al ta i r  680b
universa l  I /0  Board para l le l  (p IA)  and ser ta l  (AcIA)  por t  se lect ion.
Tables are provided to aid in understandlng the PIA and ACIA structure
and operat ion.

2-2. PAMLLEL PORT (PIA) SELECTiON
The Altair  680b reserves 256 address iocatr 'ons for I /0 interfacing

and each I /0  card requi res '16 address l ines.  Hardware sets  the upper
address ] ines,  A l5  through AE,  to  F0 for  a l ' l  I /0  por ts .  These addresses
are F0XX (XX = user  se lectab le) .  Address l ines A7 through A4 and the i r
complements'  F through E4',  are ajso user selectab' le. 14ith ihese addresses,
there are l6 dif ferent address locations for the Universaj I /0. Address
l ines A3 and A2 se' lect bet leen three ports. 43 addresses the para' l lel
ports or the serial  port and A2 selects between ihe paral lel  ports.

Each PIA contains two sect ions, A and B, and each sect ion has two
channels ,  Contro l /Sta ius and Daia-Data Di rec i ion.  Address l ines A0 and
A1 enable the select ion of ihe port sectton and the channel.  i f  the trvo
parai lei  ports are aCdressed at F008 and F00C, the port,  sect ion, and
channe' l  addresses wou' ld appear as in Table z-]  ,  assuming the board is
s t rapped  a t  t he ' l owes t  poss ib le  pos i t i on .

Table 2- . l .  P iA ACdress Seiect ion

ADDRESS I C SECTiON CHANI,IEL

F008

F009
FOOA

FOOB

F00c

FOOD
FOOE

r U U T

G
A CONTROL/STATUS

DATA - DDR

ts CONTROL/STATU5

DATA - DDR

B
A CONTROL/STATUS

DATA - DDR

B
CONTROL/STATUS

DATA . DDR

December,  l976
680b u. t /o
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The s impl i f ied b lock d ' iagram (F igure 2-A)  i l lus t ra tes the in terna ' l
s t ructure of  a  PIA.  Each por t  sect ion,  A and B,  conta ins three reg is ters ,
e ight  data j ines,  two cont ro l  l ines and an in terupt  request  output .  The
Control/Status Register (Tabl e 2-2) is a Read/l{r i te register,  meaning
that i t  can be wri t ten into and read from. Bits 7 and 6 are unaffected
duri  ng a l l r i  te. '

Figure 2-A. Interna' l  Structure of a PIA

MPU PORT r/0 DEVICE(S)

Data cA1

;Data out cA2

Data In/Out

( 8 ' 1 r n e s )

AdCress
Bus cB1

Read
Write

cBz

Data In/Out

(8 l ines)

iRq

Tab' le 2-2. PiA Control Status Reg' ister

A
Secti

trl
U

Secti

^ i
{ 1

i

A t !

/ ' , t n

Interrupt
Reques t

UUI \

Control

December, I  975
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Contro'l bits I and I affect the operation of the external contro'l
l ine,  c l .  c l  is  used as an input  cont ro ' l  l ine f rom the I /0  dev ice.
status bit  7 and the interupt request output to the sysiem bus, fRO, are
then affected by the act ivi ty of C1 as shown in Tab' le 2-3. Bit  7 and
JII-  are reset (bi t  7 goes L0W, IRT goes HIGH) when the Data Reg.ister is
read by the MPU. Contro' l  bi t  I  determines whether Ci is act lve with a
LOW going t rans ' i t ion (b i t  1  = 0)  or  act ive wi th  a  HIGH going t rans i t ion
(bit  1 = ' l ) .  

The l I-Q' is dependant on how bi t  g is set in the Controj
Register.  For example, i f  bi t  0 = 1 and C' l  is act. ive, the TRO output wi l l
be LOW, interrupt ing the system.

Tabie 2-3.  Contro1 of  In ter rupt  inputs ,  Cl  (CAl  and CBi)

CONTROL BITS
1 0

n 1u t

INPUT
STATUS BIT 7 i k t t

OUTPUT

0 I

I

Active L0l,l
Active LOl,l

Act ive HIGH
Active HIGH

Set  HIGH

Set HIGI{

C] is  act ive

C'l  is act ive
I Di sao'lec
I
lGoes L0l-J
i
iD i sau iea
i

lGoes LOhl

Set  HIGH when Ci  is  act ive
Set  HIGH when Cl  is  act ive

- -  remains HIGH
when  B i t  7  i s  H iGH

--  remains HIGH
w h e n  B i t  7  i s  H I G H

when

when

The C2 control l ine can funct ion as either an input or an output
for the irO device. blhen C2 funct ions as an input (control bi t  5 L0ld),
i ts mode of operat ion is determined by control bi ts 5, 4, and 3 as
shown in Table 2..4. Sections A and B operate lCentical ' ly when C2 func-
t ions as an input .

Table 2-4. Conirol of Interupt inputs, CZ (CA2 and CB2)

CONTROL
5 4

R TTE C2
INPUT

STATUS BIT 5 fia'
UTPUT

0
n

n

n

U

I

I

n

I

U

I

l 5

1 S

' l s

Acti ve
Act'ive
Acti ve
Acti ve

I  n l . t
L U N

Lot,l
n l u n

n t u n

HIGH

HiGH

HIGH

HiG; I

when

when
when

when

acti  ve
act i ,re

act i  ve
act i  ve

Di  sab ' led
Goes 101,1
Di sab I ed
Goes L0il

HIGH

is  H IGH
n 1u f l

is  l ' ' l iGH

Set
Q a l

Set

Set

c2
c2
C2

c2

--  remains

when Bi t  6
- -  remains

when Bi t  6

D e c e m b e r , . l 9 7 6
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C2 (noted as CA2) funct ions as an output in secl ion A (control bi t
5 HIGH) as shown in Table 2-5. The E puise is the f iZ (500KHz) from the
6B0b system bus which part ial ly enables the pcrt to Read and l . l r i te.

Table 2-5. Contro'l of CAZ As An Output

I

A SECTT0N I
CONTROL BITSI

L0tI after E puise, fol ' lowing
read of A data channel
LOl.i afier a read of A data
channel

A'iways LOt,l when B'it 3 is
L0lll

Always HIGH when Bit  3
is  HIGH

C2 (noted as CBZ) funct ions as an output f  n sect ion B (contr"o' l  bi i

5 HICH) as shown in Tab' l  e 2-6. To wri te into a Control Register,  ' load

the accumulator  w ' i th  each b i t  set  accord ing to  the tab les.  Then s tore

the accumu'lator at the address location of the control channe] .  A'11

the ports are reset when power is f i rsi  appi ied, thereby resett ing ihe

data l ines and ihe C2 l ine fcr  both sect ions as inputs .

Tabie 2-6. Coniro' l  of CBZ As An Output

HIGH when CA] is act ive

HIGH fo1lowing ne.rt  E
pui  se

B SECTION
CONTROL BITS

c32

5 t + CLEARED SET

I

I

!
I

't
I

U

U

I

I

nU

I

I

L0t^l  on posit ive got 'ng transit ions
of fi rs t E pu 1 se fo'l '1 owi ng ivri te
on B data channe' l  after Control/
Status bit  7 is cieared by read
of  B data channel .

LOl^j  when E pulse goes HIGH,
fo1' lowing a wri te of B data channel

Always L0i,l when Bi t 3 t's L0l^i

H IGH when  C /S  B i t  7  i s
set HIGH by CB1 act ive
trans i  t i  on

HIGH when next  E pu ' lse
goes HIGH

Always  H iGH when B i t  3
i s  H I G H

December,  l975
e 6 ^ L  |  |  r  , ^
s g v 9  v .  t / t s l

2-4



Data channel address permits access to either the Data Register or the

Data Direct ion Register (DDR). The status bit  2 in the Controj Reg' ister

determines whether the Data Register or the DDR js accessed. I f  bi t  2 is a

log i c  0 ,  t he  DDR i s  accessed .  I f  b i t  2  i s  l og i c  l ,  t he  Da ta  Reg is te r  i s

accessed.  l^ t r i t ing a ' log ic  I  in to  any b i t  o f  the DDR wi l i  cause the cores-

pond ing  da ta ' l i ne  to  ac t  as  an  ou tpu t .  l . J r i t i ng  a  l og i c  0 ' i n to  any  b i t  o f  t he

DDR wi ] l  cause the corresponding data j ine to  act  as an input .  Thus,  there

can be any combination of inputs or outputs on the data' l ' ines (PAO through

PA7 and PBO through PB7 ).

2 - 3 .  P I A  i n i t i a l i z a t i o n

Program 2-l  i l j  ustrates the i  ni  t i  al  i  zat ion procedure for a paral ' le ' l

port.  The ini t ia ' l izat ion sets up ccrnmunicat ion bebween the MPU and the

680b Universa j  i /0  Board.  In  th is  examp' le ,  PIA-C is  u t i l ized and the

universa' l  I /0 is acjdressed at i ts 
' lowest locat ' ion, F008 through F008.

I f a s e c o n d p a r a ' l 1 e ' ! p o r t i s u s e d , t h e l o w e s t a d d r e s s ' l o c a t i o n w o u ' l d b e

F00C through F00F.

The addresses funct ion as fo l ' lows:  F008 = sect ion A Contro l /Status

Regis ter ;  F009 = sect ion A Data-D' i rect ion (when accessed)  and Data Chan-

ne1 Regisier: ,  F00A = sect ion B Contro' l /Siatus Register;  F00B = sect ' ion B

Data-Direct ion (when accessed) anci Data Channe' l  Register

Seci ' ion A funct ions as an input and sect ion B funct ions as an output.

INPUT

l .  i f  the I /0  dev ice has va i id  data,  a  s t robe s ignal  f rom the I /0

dev.ice pu' l js the input CA1 1ine LOl^l .  Bit  7 of sect ion A Control/

Status Register goes HIGH. CAz goes L$t ' i  fol ]owing a Read of

sec+.ion A Data Channei,  then returns HiGH af 'uer the next ENABLE

pu1se.  CAZ is  te i ' l ing the I /0  dev ice that  data has been read

and to send more data.

?. l i i th acidi t ional programming, the MPU can be instrucied to period-

ica l1y check the sect ' ion A Contro l /Status Regis ter  to  in terpret

the s ta tus of  b i t  7 .  l . lhen b i i  7  is  HIGH, Step 3 rv i ] j  be enterec i .

3 .  Data Channe' l  Regis ter  is  input  to  the accumulator .  Th is ,  in  turn '

resers b i t  7  o f  the Coni ro l /Status Regis ter  and CAZ becomes act ive.

CA2 returns HIGH af ter  the nex i  E pu ' lse.  CA2 te l ls  the I /0  Cevice

that new data maY be entered.

December, 
'1976
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OUTPUT

l. CB' l  is pu' l ' led L0l l  by the device when i t  ' is ready to receive new

data.
lr l i th addit ional programming, the MPU can be instructed to period-

ica l ]y  input  the sect ion B Contro j /Status Regis ter  to  in terpre i

the s ta tus of  b i t  7 .  l . lhen b i t  7  is  HIGH, Step 3 wi ] l  be entered.

Data is  output  to  the I /0  dev ice and ' la tched in to  the por t rs  out -

put.  CB2 goes LOt' l  when the next E pulse goes HiGH, CB2 returns

to a HIGH posi t ion when the E pulse goes HIGH again.  CB2 can be

used to  s t robe data in to  the I /0  dev ice.

Using the 680b monitor i t t  and N cornmands, enter a' l l  under' l ' ined

characters  in  Program 2- I .  The index mode of  address ing is  used.

Program 2- I .  PIA In i t ' ia ' l izat ion

0000
0001

0002

0003
0004
n n n R

0006
0007

0008

0009
000A

0008
000c

0000
000E
UUUT

\ J . U  I U

U U I  I

001 2

? .

?

f t

;

08.
- l

v
00
A7
n 1

;

e
43
A7
n ?

!!-
2C
n ?

;
U U

;
A Ie

.u

. I
I l

r  l l

;
. l l

;
. t \

;
. l'l

l
{rl

. t l

l
. I

\l
r  l l

;
.  i r

;
. t ' t

;
e  l l

l
l l

. i I

;

;
.  t t

;
.  l t

CLRA A>OO

ACCESS DDR OF SECTiON A

SET SECTION A AS INPUTS

ACCESS DDR OF SECTION B

COMA A}FF

SET SECTION ts AS OUTPUTS

CAl = ACTIVE LOl^t; ]FQ- IS DISABLED

CAZ = ACTIVE L0',,1 AFTER READ 0F SECTI0N A
DATA CHAIJNEL REGISTER, THEN GOES
HIGH FOLLCI.I ING NEXT E (ENNSLE) PULSE.

CBl = ACTIVE LOl' . l ;  ]R'IS DISABLED

CBZ = ACTIVE LOI.J l,lHEN E PULSE GCES HIGH
FOLLOWING A WRITE OF SECT]ON B
DATA CHANNEL REGiSTER. RETURNS
HIGH ' ,JHEN THE NEXT E PULSE GOES HIG|I.

l l a l ^ 6 m l r a F  l u r r \
s s v 9 i f  r v g .  t  I  J ,  w
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2-4, SERIAL PORT (ACIA) SELECTiON
The 680b Universal I /0 Board ut i l izes a 6850 Asynchronous Corimruni-

cat ions Interface Adapter (ACiA). The ACIA al ' lows seriai  data to be
taken in on i ts receive l ine and transfers the data onto the data bus,
or data can be entered from the data bus lnto the ACIA and sent out the
transmit data l ine in seria' l  forrn.

The ACiA has three chip select inputs, CSg, CSI ,  and ff i ,  which are
used in  the se lect ion of  the ACIA.  I t  a lso has a Regis ter  se lect  (ns)
input, control led by address l ine A0, that can select between the dif fer-
ent internal registers. The ENABLE signai is used for interna' l  interyupt
control and the t iming of Control/Status changes. Since a' i l  data transfers
take p lace dur ing f iZ  a f  the system c]ock,  i t  is  used as the ENABLE s ignai .
The R/l^l  signal determines the directr 'on of data f low.

2-5, ACIA Controi Reqister
The ACIA has an 8-bit  ControJ Register that aI ' lows port configura-

t ion under software contro' ! .  Each bit  is def ined in Tab' i  e z-7.

'7
b 4 J a I n

In i  Out
interrupt j  Interrupt

Transmi ss i on
b'l i,s

L locK u' l  v ' t  de
And Resei

Data Bi t
Data B' i t

L O t . . l = 0
HIGH = ' l

The  f i r s t
i rcu i t  and the

Tab' le 2-7. ACIA Controj Register

two data b i ts ,  I  and I ,  cont ro l  the in terna ' i  c lock d iv ide
Master Reset as shcwn ln Table 2-8.

I
I

0
I

+  l 6

: O Q

Mas ter
Reset

Table 2-8.  Contro l

December,  1976
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Norma' l  openat ions output  b i ts  g  and 1as equal  to ' , '1"  to  reset  the
ACIA.  When in i t ia l iz ing the por t ,  the in terna ' l  c iock d iv ide is  set  to
i  16 because the baud rate c' lock frequency is 16 t imes higher than the
seiected baud rate.  Refer  to  Table z-9 for  the des i red baud rate.

U

I

U

I

n

I

U

I

0
I
n

I

n

I

'l

I

n

n

I

I

n

U

I
't
I

U

n

I

I

U

I

I

I

1
t l

U

U

0
I

I

1
I

1
I

U

0
n

n

U

n

I
't

I

'l

I
I

I

I

I

BAUD
RATE

E N

75
' l  
34 .5
200

600
24A0

9600
4800

1 800

1 200

?400

300

1 s 0
' l ' l  0

N0TE: Th' is Baud Rate uses the :  16 mode for
the ACIA. To se]ect the correct bauC
rate, posit ion the correct swiich of
Sl0 to the 

' l  
or 0 side marked on the

s ' i l  kscreen.

Tabl e 2-9.  S' l  0 Bauci  Ra'ue Sel  ect i  on

December,  1976
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In order to choose any one of 5 addit iona'r baud rates, select the
baud rate from Table 2-10 and set sl0, using the i  64 mode (data bits
I  and 0 are equa]  to ' l  and g,  respect ive ly) .  Note that  the se iected baud
rate is four t imes larger than the desired baud rate. Due to the internal
structure of the ACIA, i t  is not possible to use the :  I  c ' lock because
sorne means of external synchronizat ion must be used.

2 7 . 5
J t . )

7 E n

450

500

1 1 n
I  t u

1 5 0
?nn

'1800

2400

Tabie 2-10.  Addi t ional  tsaud Raie Se]ect ion

The next ihree bits of the Control Register detennine word length,
pari ty, and the number of stop bits. Consult  the I /0 device manua' l  for
the conf igunat ion requi red and set  the b i ts  accord ' ing to  Tab ' le  2-1. l .

# o f
Data Bi ts

# a f
Stop B' i ts

Pari ty

December, l976
080b u. t/o

DESIRED BAUD RATE SELECTED BAUD MTE

FUNCTION
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The 
' last 

three bits of the Contro' l  Register control interrupis and

I /0  dev ice handshake as shown in  Tab ' le  2-12,

DATA BiT FUNCTION

X

X

ETS = LOi. l ,  t ransmitt ing ' intemupt disab' led.

RTS = LOl^l ,  transmitt tng interrupt enabled.

RTS = HiGl-| ,  transmitt ing intenrupt disabled.

f f i  = HIGH, transmits a break 
' leve' l  

on the
transmit data output. Transmit inter-
rupt  d ' isab l  ed.

Recei ve i  nterrupt di  sab' led

Recei  ve ' in ter rupt  enabl  ed

n

I

X = does noi marter

Table 2-12.  In ter rupt  Contro l  B i i ,s

Table 2- . |3  shows the ACIA in i t ' ia l izat ion for  a  Teletype wi th  e ' ighr

daia b' i ts,  two stop bits, and no pari ty. This examp j  e i l ' lustrates the

in . i t ia ' i izat ion when the Contro j lStatus Regis ters  are located at  address

i ocrll coor FUNCTiON

86
n ?

6 t

r t  I

Reset Port

Set  up for  B data b i  ts ,
2  s top b i ts ,  no par i ty ,

: 
'16 rnode,

RTS = L0hl, transmit
receive interrupts

B6

D I

and
enab l  ed .

1 ^ a -
l l A n A m n a F  I U / t a
e u  e e r r r v u  r  t

68Cb U.  l /O
L -  l v

Tab ' le  2 - ' l  3 .  ACIA Sampl  e  In i  i ' i a1  i  za t i  on



2-6. ACIA Status Register*

Infonnation on the status of the ACIA is avai ' lab' le to the MPU by
reading the ACIA Status Register.  This read-on1y register is se' lected
when Register Se' lect (RS) is LOt^i and R/tr^l  is HIGH. Information stored
in this register indicates the status of the Transmit Data Register,  the
Receive Data Register and error logic, and the perlpheral/modem status
inputs of the ACIA.

Receive Data Register Ful l  (RDRF), Bit  0 - RDRF lndicates that re-
ce' ived data has been transferred to the Receive Data Register.  RDRF is
c' leared after an MPU read of the Receive Data Register or by a Master
Reset. The cleared or empty state indicates that the contents of the
R e c e i v e D a t a R e g i s t e r a r e n o t c u r r e n t . f f i b e i n g H I G H

also causes RDRF to indicate empty.
Transmi t  Data Regis ter  Empty (TDRE),  B i t ' l  -  The TDRE b i t  be ing set

HIGH indicates that the Transmit Data Register contents have been trans-
ferred and that new data may be entered. The LOl^l state indicates that

the reg is ter  is  fu i l  and i ,hat  t ransmiss ion of  a  new character ,has not

begun s' ince the 
' last 

wri te data cornnand.

ff i  ( fr-m), Bit  2 - The DeD-uit  wi ' l t  be HIGH when

the DTD'input from a modem has gone HIGH to inCicate ihat a carr ier is

not present. This bit  going HIGH causes an Interrupt Request io be
generated when the Receive inierrupt Enabie is set.  I t  remains HIGH

after the ITD- input is returned LOl. l  unt i l  c ieared by f i rst reading the

Status Register and then the Data Reg' ister or unt i ' l  a Master Reset occurs.

If the DTD- input remains }{IGH after Read Status and Read Data or Masier

Reset have occurred, the DTD- staius bit  remains HIGI{ and wi l l  fol ' low the

IeD' input .
eleffi Gfs), Bit 3 - The ffi utt indicates the state of the

ffi tnput from a modem. A L0li ffi inciicates that there is a eEar Td

S;-d" from the modem. In the HIGH state, the Transmit Data Register Emp-

ty bit ' is ' inhibi ied and the eTff iT6TiT status bit  wi1i be HIGH. l4as-

ter Resei does not affec',. the elffidstatus bii.

December,  1976
680b u. t /o
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Framing Emor (FE) ,  B i t  4  -  FE ind icates that  the received charac-

ier is improperiy framed by a start  and a stop bit  and is detected by

the absence of  the f i rs t  s top b i t .  Th is  er ror  ind icates a synchroniza-

t ion er ror ,  fau l ty  t ransmiss ion,  or  a  break condi t ion.  The FE f ' lag is

set or reset during the receive data transfer t ime. Therefore, this emor

indicator is present throughout the t ime that the associated character

i s  a v a i l a b l e .

Receiver  0verrun (0VRN),  B i t  5  -  Overrun is  an eror  f lag that ' in-

dicates one or more characters in the data stream were lost.  This means

that a character or a number of characters were received but not read frcm

the Rece' ive Data Register (RDR) prior to subsequent characters being re-

ce ived.  The overrun condi t ion begins at  the midpoint  o f  the last  b i i  o f

the second character received in succession without a Read of the RDR

having occurred. The overrun does not occur in the Status Register unt i ' l

the val id character pr ior to overrun has been read. -The RDRF bit  remains

set  unt i l  the ovenrun is  reset .  Character  synchronizat ion is  mainta ined

during the overrun condit ion. The overrun indicat ion is reset after read-

ing of the data from the RDR. 0verrun is also reset by the l i laster Reset.

Par i iy  Error  (PE) ,  B i t  6  -  The par i ty  er ror  f lag ind icates that  the

number of HIGHs (ones) in the character does not agree with the preseiected

odd or even pari ty. Odd pari ty is def ined to be when the tota' l  number of

ones is  oc id .  The par i ty  er ror  ind ica i ion wr ' l ' l  be present  as long as the

data character  is  in  the RDR. I f  no par i ty ' is  se lected,  then both the

transmitter pari ty generator output anci the receiver pari ty check results

a r e  i n h i b i t e d .

In terup i  Request  ( iRQ),  B i t  7  -  The iRq b i t  ind icates the s ia ie  o f

ihe l I8  output .  Any in ter rupt  ccnc i i t ion wi th  i ts  appi icab ' le  enab ' le  wi l l

be indicated in this status bit .  Anyt ime the TEQ'output is LOI^I the IRQ

bi t  wi l ' l  be HIGH to ind icate the ' in ter rupt  or  serv ice request  s ta tus.

*The materi  a' l  i  nc] uded i  n Secti  on 2-5 ,  ACIA Status Regt 'ster,  ' is copyri  ght
. l975 by Motoro la ,  Inc. ,  Sem' i -ccnductor  Product  Div is ion.

December ,  
. l975
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3-] .  GENERAL

Secti  on

Uni versa' l  I /A

log ic  symbols

I i i  prov' ides a detai led theory explanation of the 680b

Board c i rcu i t ry ,  inc lud ing a bas ic  descr ip t ion of  the

used in the Universa' l  I /0 schematics.

3.2.  LOGIC CIRCUITS

The detai ied scheinatics of the 680b Universa' l  I /0 Board (sheets 1

of 3, 2 of 3, and 3 of 3) are drawn to aid in determining signal d' i -

rect ion and tracing. A sol id arrow (+) on the signal l ine indicates

di rect i  on.
The log ic  c i rcu i ts  used in  the Universa l  I /0  schemat ics  are pre-

sented in Table 3-. l .  The tabie provides the funct iona' l  name, symbo' l ic

representat ion,  and br ie f  descr ip t ion of  each ' iog ic  c i rcu i t .  t ' , lhere

appl icable,  a  t ru th  tab ' le  is  furn ished to  a id  in  understandinE c i rcu i t

operat ion. The act ive state of the inputs and outputs of the logic

circui ts is graphica' l  ' ly 
di  spl ayed by sma'l l  c i  rcl  es .  A smal i  c i  rcl  e at

an input  to  a  log ic  c i rcu i t  ind icates that  the input  is  an act ive 101^ l :

that  is ,  a  LOl , l  s ignal  wi l i  enable the input .  A smal l  c i r "c je  a i  the out -

put of a logic circuit  indicates that the output is an aci ive L0l, l ;  that

is, the output is LOl^l  in the actuated state. Converse' ly,  the absence

of  a  sma] l  c i rc le  ind icates that  the input  or  output  is  act ive HIGH.

YMBOL

I{AND gate
n----i--\

l \
B -:-J C-
N- - -r_,,'

v - fa 
-ll- 

lll[

n----i- The NOR gate perforTns one of the

NOR gate
e-------j )
N - - U

Y : A + B I to produce the Cesired (t-Clt l  output.

I nverr.er

I

i fne tnver ter
l - . . r - , , 1  - ' ^ . Lloutput  is  the
i  i  nput .

jThe non- inver t ing bus dr iver  is  an
lamol i f ier  whose output  is  ihe same"

llon- I nverti ngj is ta te  as the input .  Data is  enabled
Bus Dri  ver i through the device

; .
aopl.vi  ng a (t-Cti l

December, 1976
680b r.,. t/o
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1

iconsnon logic funct icns. Any of ihe
i tnpuis  needs to  be enab ' led (HIGH)

i s  an  amp ' l i f ie r  whose
oppos i te  s ta te  o f  the

h r reJ

u t .

Table 3- ' l .  Syi t tbol  Def in ' i t ions

ls iqna ' l  to  the  E in



3-3. ADDRESS DECODING
All  the ports begin with the start ing address FOXX (XX =

user  se ' lec tab le ) .  l t i th  F0 on the upper  e ight  address . l ines

(sheet I  of 3, zone D7), al ' l  the inputs to NA|\D gate l t  are HIGH
( ' log ic  1) .  Address ' l ines 

Ai ' l  thr :ough A8 are inver ted HIGH.
This  enables NAND gate l , f  p in  8  (zone D6)  L0 l , l  ( log i  c  g) .  Th is
signal is inverted HIGH and presented io the input of NAND gate
J p in  5  (zone D4) .  The VMA (Va ' l id  Memory Address) ,  which is
used to tel ' l  i /0 peripherals that a va' l id memory address exists
on the ac idress bus,  a lso presents  a HIGH s ignal  a t  p in  4  (zone
D4) to enable gate J pin 6 L0lrJ. The L0l,J at pin 5 of J is in-
ver ted at  p in  6  of  V (zone D3) .

The next  four  address ' l ines,  A7 through A4 (zone C7) ,  are
user  changeable rv i 'uh a poss ib le  16 sv i tch pos i t ions that  are
contro l led by swi tch 59.  Refer  to  Tab ' le  3-2 for  59 address se-
lect ion.  Depending on ihe pos i t ion of  59,  A7 through A4 can be
' inverted or double inverted to the inputs of I ' lAl lD gate Z pins
13 ,  12 ,  . l 0 ,  

and  9  ( zone  C4) .  A .ssuming  tha t  59  i s  pos i t i oneC
for M, m-, A5, and E4-, address jines A7 through A4 are LOl^/ and
inverted HIGH at the inputs of l lAl iD gate Z. This enables the
output of Z pin 8 LOhl and ihis signa' l  is presented to the input
of l ' l0R gate T pin 2 (zone C4). A LOl^l  from NAND gate J pin 6
(zone D4)  is  a ' lso present ,  thus enabl ing the outpu i  o f  NOR gate

T p in  ' l  (zone C3)  HIGH. Therefore,  t ' ,vo of  the enab ' l ing s ignals
requi red for  the ch ip  se ' lec ts  (CS) cn ihe PIAs and ACIA have
been decoded.

l l o ro rnhor "  
' ' l  

07<
v v v g . r r v L .  

t  I  J  t  V

6B0b u. t /o



Tabl  e  3-2 .  59 Address Se]ect i  on

P I A . B P I A - C ACIA . D

59 Posi t ions

A7 A6 A5 n ^
ft+

F00c

F01 C

FAzC

t rn2n

F04C

r U 3 L

I-UbL

F07C

F08C

F09C

FGAC

FOBC

r U L L

FODC

r U L L

FOFC

FOOF

FOl F

FAaF

FO3F

FO4F

FO6F

r u /  r

FOSF

FO9F

FOAF

FOBF

FOCF

FODF

FOFF

F008

r u  l 6

F028

F038

F048

F058

F068

F078

FOSB

FO9B

FOAs

FOBS

FOCE

FODs

I U L U

FOFS

FOOB

FOl B

FO2B

FO3B

ru+6

IU f ,6

FO6B

r u t 6

FOSB

FOgB

FOAB

FOBB

FOCB

FODB

FNtrR

FOFB

F006

F01 6

FA26

F046

F066

F076

l 'uvb

FCA6

F i  ! H t r

r U L O

FOD6

FOES

r u r o

F007

F01 7

F027

rUJ  /

FA47

r u 3 /

fuo /

r v t  /

FOBT

F097

FOAT

FOBT

tn/^l

I  w u  I

ru t  /

FOFT

M

M

M

A I

T'7

A I

M
En t

n l

^ ?
t t

, \ ?
t 1 I

A I

A7

A 1

A ?

A 1

m
ffi

AO

T

A6

A 6

A6

Ab

AO

m
m
q n

A5

A6

A6

A5

A5

A 3

A5

A5

A
A \

A5

A5

r\O

F

A5

A 3

F

A5

A 5

A5

A4

n n
|1+

ffi

ffi

A A

-
A+

A / |
tl.t

m
A n

m
A4
ffi

A4

A4

tr{
, \ / l
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The address ' lccat ion 
for the hardware progranmable bits is

F003 on the address bus. Thi 's iocat ion is f ixed and cannot be
changed by the user. The correct address wi i l  enable Tri-State
dr ivers  R and S p ins 1 (zone C2 and D2)  LOl . i ,  and th is  s ignal
a l ' lows the swi tch se ' lec tab ' le  inputs  ( ' log ic  1or  f i )  to  ue passec
on to  the outputs  o f  R and s .  The inputs  o f  NAND gate H p ins 1,
2,  and 13 (zone C3)  are HIGH, enabl ing the output  p in  12 L0 l , , l .
The HIGH signal at pin 1 comes direct ly from inverter v (zone D3)
and was derived from NAI{D gate }. l  as described ear' l ier.  The HIGH
signai  a t  p in  2  is  der ived f rom address l ines A7 through 44.
These address' l ines are LOl^i  and inverted to the inputs of NAi ' lD
g a t e  Z  p i n s  1 , 2 ,  4 ,  a n d  5  ( z o n e  D 6 ) .  T h e  o u t p u t  o f  Z  p i n  6  i s
enabled LO|, l  then inverted, presenting a HIGH at pin 2 of gate H.
The HiGH at  p in '13 is  supp ' l r 'ed when the output  o f  NAND gate Bi
pin 6 (zone C5) is L0t l  and inverted at G. To enable Bl L0', ,J, ad-
dress ' l ines 

A2 and A3 (zone 87) are LOl.t  then inverted to present
the appropr ia te  s ignals  a t  the inputs  o f  B j  p ins 5 ano 4 (zone
C5).  The other  two inputs  o f  B ' l  ,  N and.P,  are doub ' le  inver teC
address l ines A]  and AF (sheet  2  o f  3 ,  zone c8 and 88)  and must
be HIGH for the inpui pins 1 and 2 of Bl to be HIGii .

The address loca i ions for  an 8-b i t  para i ' le ' l  non- ' la tched
interface are set at FOl0 contro' l /status and F0]i  Daia for Drive
I and F012 Contro' l /Status and F0l3 Data for Drive 2. These ad-
dresses are set  anc are not  user  se lectab le.  Address ' l ' ines 

A ' l  and
and A0 are both inverted. A' l  deiermines which address ' iocat ion

is  used.  I f  A l  is  LOlr " ,  F010/FC' l ' l  is  se jected anc i  i f  A l  is  HIGH,
FOl2 lF013 is  used for  Contro i /Sta ius and Data Channels .

I  l C a  O m n A r .  I  t " l  /  hv s  v v r r r v v  I  t

680b u. t /o
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When F0 for  the upper  address ' l ines is  se lected,  a  LOl , l  s ignal

is presented to the input of NOR gate T pin 5 (sheet ' l  of 3, zone

C5). A LOI,I  signal also goes to pin 6 from the output of NAND gate

Ai pin I  (zone B5). For Ai to have a LOtr l I  output,  a' l ' l  the inputs
must  be HIGH. Address ' l ines A7,46,  A5,  A3,  and A2 are LOI ,J  and
inver ted HiGH to the inputs  o f  A]  p ins 6,  12,  ' l i ,  5 ,  and 4.  A4
is doub' le inverted to the input of A' l  pin 2 and must be HIGH for

the proper  condi t ion to  ex is t .  VMA is  t ied to  p in  1  of  A1.  l l i th

VMA va' l id and the other input pins of Al HIGH, the output p' in 8
'rril i be L0!il.

The 101^ l  s ignals  a t  the input  p ins 5 and 6 (zone c5)  enabre p in
4 of  NOR gate T HIGH. This  s ignai  goes to  NAND gate H p in  11 (zcne

85) ,  enabl ing the gate for  double inver ted R/ ' rJ  and 0 c ' lock s ignals .
A LOl. l  going puise, 1 microsecond wida with a 20 microsecond period,
occurs at the output pin B when data or status is being read from
the device. This LOl. l  going pulse is the READ srR0BE and goes to
J2 which is  a  24-p in  socket .  A f la t  cab ' le  assembly  p iugs in to  th is
socket .  The 25-p ' in  p lug on the other  s ide of  the assembly  is  used
for the interface. The READ srR0BE signal enables pins ' l  (zone 85
and A5)  o f  r r i -s ta te  dr ivers  M and P,  a l lowing data to  be t rans-
ferred from the device to the data bus.

The HIGH signal from l l0R gate T pin 4 is a' lso present at the
input of NAND gate F pin 2 (zone C4) and inverted io F pin 4 (zone
B3) .  R /W-P (zone  D7)  i s  i nve r ted  H IGH to  F  p in '1 ,  enab l i ng  the
output  o f  F p in  3  (zone C3)  L0 l^1.  There is  a  de lay on th is ' l ine
and i t  is  used to  insure that  t l r i te  data is  va l id  when i t  is  vr r i t -
ten into the device. The I.JRITE STR0BE occurs at the output of E
pin 6 (zone C2)  and is  a  L0t t  go ing pu ise rv i th  an approx imate width
of  

' l  
microsecond and a per iod of  3  mi1 l  iseconds.  Th is  s ignal  goes

direct iy to socket J2. wri te data becomes val id 200 nanoseconds

{maximum) af ter  Data Bus Enab]e (ngf ) ,  which is  t ' ied d i rect iy  to
02 of  the system c ' lock,  is  act ive HIGH.

December,  '1975
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The LOl, l  output signal from gate F pin 3 enab' les pins i  (zcne
86 and A6)  o f  r r i -s ta te  dr ivers  L and N,  a i lowing data to  be t rans-
ferred from the 680b data bus to the device. The resistors on the
device data l ines are used for noise inrmunity.

I f  the interface is being addressed, the input of NAI' ID gate
F pin 4 (zone 83) is LOI,J. This keeps the output of F pin 6 HIGH
and does not al iow an interrupt from the device. when the inter-
face is  not  be ing addressedn p in  4 of  F is  HiGH and the data l ines
to the interface are HIGH. I f  an interrupt is seen from the de-
v' ice and p' in 4 of F is HIGH, a 101^i signal may appear at one of the
th ree  inpu ts  o f  NAND ga te  H  p ins  3 ,40  o r  5  ( zone  B2) .  These  in -
puts are t ied to bits 0, l ,  and 7, respective' ly.  I f  a L0l, l  does
appear  on one of  the inputs  o f  H,  the output  p in  6  (zone 83)  ' is

HIGH, enab ' l ing NAND gate F L0W, ind icat ing an in ter rupt .

3.4. PORT SELECTION

The three ports (ACIA-D, PIA-C, PIA-B) each have ihree ch' ip

se ' lec t  i ines.  These are CS0,  CSl ,  and f f i  (sheet  2  o f  3) .  Fcr

each port to be enabied, CSg and CSI must be HIGH when m is 101., l .

This is accomplished by address decodtng. The CS0 l ines for each
por t  are t ied together  by l ine J  (zone A8) .  The two CSI ' l ines of

PIAs C and ts are t ied together by l ine K, and CSI of ACIA-D is

t ied to  a  double inver ted A]  
' l ine (zone C8) .

Assum'ing the 59 swr'tch is positioned for M, m-, F, and A?-,

the ACIA-D adciress wi l l  be F006 for Contro' l /Status and F007 for

Da ta .  The  CSf l ' l i ne  p in  8  ( zone  D5)  i s  t i ed  to ' i ' i ne  J  and  mus i  be

HiGH for  ACIA-D to  be se ' lec ted.  For ' i fne J  to  be HIGH, the corect

uppe!"  order  address for ' i lnes Al5 through A8 (sheet  1  o f  3)  must

be se lected,  and l ines A7 ihrough A4 must  be se lected accorCing

io ihe pos i t ion of  swi ich 59.

December,  1976
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The CSl  s igna ' l  l ine for  ACIA-D p in  l0  (sheet  2  o f  3 ,  zone C5)
is controi led by address l ine Ai.  Al must be FTIGH for ACIA-D to
be se iected s ince the s ignal  is  doubje inver ted to  the input  p in
'10. 

Line K is t ied to csl of both para't1e1 ports at pins 24 and
must be HIGH at the same t ime CSg is HIGH. Thls signal rvas de-
r ived ear l  ier .

Addresses A3 (zone D8) and A2 (zone cg) are the inputs for
a eM decodlng circuit. 0n1y one of the outputs of NAt'lD gate J
(zone D7 and C7) shou'td be L0i,{ ,  enabl ing the part icular port being
used.  The remain ing t 'wo outputs  o f  J  should be HIGH, d isab ' l ing
the other ports. I f  the output of J pin 3 (zone D7) is L0tJ (nctn-
D  se lec ted ) ,  t he  i npu t  p ins ' l  and  2  a re  H IGH.  Address  l i ne  Z  i s
HIGH and th is  s jgnai  is  presented to  p in  1 .  Address ' l ine 

3 is
inver ted HiGH and goes to  p in  2 .  These two input  s ignals  g ive the
desired L0l^l  at the output of NAND gaie J. i f  A3 is L0W, this sig-
na' l  goes direct ly to ihe inputs of NAND gates J pins i0 and i3,
d isab ' l ing both gates.  i f  PIA-C ( ' locat ion F008)  is  se lec ied,  the
output  o f  J  p in  8  (zone c7)  is  LOt . l .  input  p ins l0  and 9 musi  be
HIGH for  p in  8  to  be L0 l . l .  Th is  is  assuming that  s9 is  pos i t ioned
to 17, IF, E5, and M. A HIGH signai fron A3 goes directly to pin
lc. A2 is LOl.t  and inverted to present a HIGFI to the input pin 9.
The LOl . l  s ignai  f rom A2 goes d i rect ' ry  to  the input  p ins ' l  and ' iZ
of  J ,  d isabl ing AGIA-D and PIA-B.  I f  PIA-B is  to  be enabled ( lo-
cat ion F00c) ,  p ' in '11 (zcne c7)  shou ' ld  be L0H,  and the other  t rvo
output  p ins 3 and 8 shouid be HIGH. A HIGH s ignal  goes d i rect iy
to  input  p ins 12 and j3  f rom A2 and A3,  respect ive jy ,  resu ' l t ing
in a LOl, l  outpui.  The HiGH signals from A2 and 43 are inverted to
present  L0ws at  input  p ins 1 and 2,  d isabl ing ACIA-D and pIA-c.

D e c e m b e r , . J 9 7 6
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Address l ine A9 (zone BB) is doub' ie in,rer ied to the Register

Se' lect (RS) input of ACIA-D pin 1' l  (zone D5). l ,Jhen A0 is HIGH

and ACIA-D is enab' led, the Transmit/Receive Data Registers are

selected. When A0 is L0l. l ,  the Controi/Status Registers are se-

lected. The Register Se1ect of the PIAs operate dif ferentiy from

the RS of  the ACIA.  A]  (zone CB),  which is  double inver ted,  goes

to pins 35 of PIAs C and B. I f  A1 is L0l^1, RSI is LQll  and Sections

A of the para11e1 ports are se' lected. i f  A] is HIGH, RSi is HiGil

and Secitons B of the PIAs are se' lected.

RSO determines betleen Control/Status and Data-Data Direct icn

Channels .  Address l ine A0 is  inver ted and t ied to  RS0,  p ins 36

of  PIAs C and B.  I f  RS0 is  HIGH (A0 = L0 l^J) ,  the Contro l /Status

Channe' l  of the sect ion determined by RS] is se' lected. I f  RS0 is

LOl, i  (Ag = HIGH), the Data-Data Direct ion Channe' ls of the sect ion

deterrnined by RS'l is selected.

The l ' |PU R/!{ signal is t ied direci iy to the R/ ' i l ' l ine of each

por t ,  p in  13 of  ACIA-D and p ins 21 of  PIAs C and B.  The R/ l , l  s ig-

na] determines the direct ion of data f ' low. I f  R/ l , l  is HiGH, each

of the ports is in the Read mode. If R/t,rJ is LQl,l, they are in the

l.lrite mode.
The f lZ clock signal goes direct iy to ENABLE on each of the

por t s ,  p in '14  o f  AC iA-D  and  p ins  25  o f  P iAs  C  and  B .

The b id i rect iona ' l  data i ines,  D0 through D7 on each por to

are t ied direct iy to the system data bus.

D e c e m b e r , . l 9 7 6
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ACIA-D p ins 3
The ITQ-

pins 37 and 3

The 118 ouipu

To control the rate of data f low in and out of ACIA-D, a baud
rate generator r 's used. IC-A (zone D7) is a Progranmable Bit  Rate
Generator, implementing a 2.4576 MHz crystal.  The output of A
pin 10 drives the Receive (RX) and Transmit ( fX) ctock inputs of

and  4  ( zone  D5) .
output  o f  the ACIA,  p tn i  (zone C5) ,  and the PIAs,

and 38, are tied dr'rectly to the TF!- lnput of the MPU.
output of each port is an active LOl.l and is used to inter-

rupt the MPU. This signal remains LOH as iong as the cause of the
intemupt is present and the appropriate interrupt ENABLE is set
wi th in  the I /0  por ts .

The parai lei  data l ines (PAF through PA7 and PBg through PB7)
and cont ro l  l ines (CA] ,  CA2 and CBl ,  CBz)  for  PIAs C and B go d i -
rect ' ly to two ?4-pin sockets, J3 and J4. Flat cable assemblies
p' lug into these sockets and the 25-p: 'n plug on the other side of

the assemb'ly is used for the I /0 device.
ACIA-D has a Receive data (RX Data)  input  p in  2  (zone D5)  and

a Transmi t  data (TX Data)  output  p ' in  6  (zone C5) .  i t  a lso has Re-
quest  To Send (RTS) output  p ln  5  (zone c5) ,  m

FeD input pin 23 (zone C5), and eTea-FT6T6i'd'GTS-) inpui pin

24 (zone C5). These inputs and outputs'  can be ccnfigured for TTY

20 mi f i iamp current  1oop,  RS-232,  or  TTL.  These conf igurat ions

are deterrnined by the switch settings Si and S5. Refet" to Tab'le

3-3,  ACIA-D In ter face Seiect ion (page 3-10) ,  for  the des i red

confi  gurat i  on.

December, 1975
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Table 3-3.  ACiA-D in ter face Select ion

Sl,.lITCH
PACI$GE

SI^JITCH
NUMBER

SEfiiNG
i
A 0r B

Sl,liTCH
PACiGGE

sl^liTcH
NUI4BER

SETTING
,t
n 0r K

SII ITCH
PACIGGE

Sl^liTCH
NUMBER

SETT]NG
t\ 0r K

TX DATA

P l N  6

OUTPUT

S2

s2
\ l

4

t
I

K

n

s1 ? B S2

s 2

s1

4

I

I

n
tl

n

RX DATA

P I N  2

INPUT

S2

s2

) l

I

2

?

A

R

H

n

s3

s1

I

2

R

H s2

s'l

I

I

L

tl

A

F:_

K l )

P I N  5

OUTPUT

- *
DCD

P i N  2 3

INPUT

CTS

P I N  2 4

INPUT

\ a.L

q c

)+

C A

S4

q ?

c ?

+

I

4
C

't

F

R

A

A

t̂l

A

A

b

A

s4
q q

S4

)+

\ <

A

4

1

I

I

n

D

JI

fl

3

i{

4

B

s5

\ { t

5zt

\ <

I

a

a
L

I

n

,1

A

n

n

,t
g

TTY RS-232 TTL

'NOTE: 
l^ lhenever ITD- input and eTS'input are not used, S4-3 and S4-2 musi
be in  the B pos i t ' ions for  proper  operat ' ion of  ihe ACIA-D.  Posi t ion ing
S4-2 and S4-3 in  the B pos i t ' ion grcunCs these points  (p ins 23 and 24)
of  ACiA-D.
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3-5. SERIAL I/O INTERFACE OPERATION
The fo] lowing two cipcuit  descrlpt ions appiy to al ' l  TTy inter-

face c i rcu i ts .

The transmit distr ibutor contacts inside the Teletype input
to  J l  (10-p in  min ia ture p lug)  p ins 2 and r  (sheet  3  o f  3 ,  zone B5) .
These contacts'are normally ciosed and aJiow current f iow througn
R4 and Rl (zone 86). A negative yoltage results at the anode of
d iode Dl  (zone 86) ,  and Dl  wi ' l l  not  conduct .  The input  p in  l i  o f
E (zone 87) goes LOt. l  v ia resistor R5. The output of E pin l0 is
HIGH' providing an off  condr' t ion or "marking" state to the port.
l ,Jhen the contacts open due to data transmission, the anooe of di-
ode Dl  is  pu i led to  +.16 vo l ts ,  and Dl  conducts .  The input  o f  E
pin '11 goes to  approx imate l ; r  +4 vo l ts  v ia  the d iv ider  res is tors ,
R] and R4. capacitor cl  is used for contact debounce. Thus, the
output of E pin j0 is LOhl anc represents a transmit ied data bit
to  ihe RX Data 

' l ine.  p in  2  of  ACIA-D (sheet  2  o f  3 ,  zone D5) .
The ACIA por t  output  l ine,  TX Data (sheet  2  o f  3 ,  zone D5,

p in  6) '  is  nor :na] ly  HIGH, caus ing a LOi t  a t  the base of  QZ (sheei
3 of  3 '  zone c6) .  The emi t ter  o f  Q2 is  pu ' i led to  approx imate ly
1.2 vo i ts  through d iodes D7 and DC (zone c6) .  Th is  fon, rard b iases
Q2 to cause current f ' low through resistor R20, Q2, and the dev' ice.
This is the "marki ng" state. l , lhen a data bit  is transmitted, the
base of  Q2 goes HIGH v ia  res is tor  Rl5 (zone C7) ,  turn ing Q2 of f .
This provides a very high impedance at the device and represents
a va l  id  data b i t .  The s igna ' l  ccnnect ions f rom ihe 

'10-p in  
min ia-

ture p lug ( i l )  to  the f iY dev ice are shown in  Tab ' le  3-4.

* The (+) side of Transmit and Request To send is the coJlector of
corresponding transistors .

sis,]?bl3ni.li,on,
10-Pin P ' lug (J ] )  to  TTY De' r ice

December, 1976
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Figure 3-A i l ' lustrates the normal interconnections between the
uni versal I /0 Board and a fu] 

' i  
dupi ex, 20 mi ' l  

' l  
i  amp current- i  oop

Teletype (KSR33 or  ASR33) .

Transmi, *-"."o*C
-+-\.

Teletype Terminal
St r i  P

I

I -25-p in
t

' in terconnect

cabl  e

Y
male connectcr

I

I L

-r- |

Recei ve Transmi t

25-p in  female connector
I

I /0  Board
C a b l  e

I/0 Board and TT/

' l n
1 , .  U n i v e r s a l  I / 0  1 0 - p , u n
,'!-
i  le lna le connectcr

I

I
t

Ground

BeLveen Uni versa'l

December, 1976
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The fo l iowing c i rcu i t  descr ip t ion apply  to  a i l  RS-232 input
and output circuits.

l^ lhenever a logic one (approximate' ly +. l6 vo]ts) is received

from the RS-232 device at the input of the ACIA, RX Data (sheet

2  o f  3 ,  zone  D5 ,  p in  2 ) ,  R3 ' l im i t s  the  cu ren t .  DZ  (shee t  3  o f
3,  zone 87)  keeps the input  o f  E-p in  11 L0! f  and a TTL HIGH is  pre-

sen t  a t  t he .ou tpu t  o f  E  p in '10  ( zone  B7) .  I f  a  l og i c  0  (approx i -

mateiy +5 vo' l ts) is received from the RS-232 device, R3 again

l imi ts  the current  and DZ is  reversed b lased.  The input  o f  E p in

1' l  is HiGH and the output pin 10 is L0l, l .
Whenever a logic one is transmitted, transistor Q' l  (zone D6)

is  reversed b iased and a -16 vo l t  leve ' l  appears on the output  l ine.

I f  a logic I  is transmitted, Ql wi l l  conduct and approximate' ly +5

vol ts  is  present  on the output .  Table 3-5 conta" ins the s ignal

connect ions for  the '10-p in  min ia ture p lug U]  )  to  the RS-232 or

TTL device.

Tab ie  3 -5 .
Signal  Connect ions

10-Pin Plug (J ]  )  to  RS-232 or  T] 'L  Device

Decernber , 1976
680b u. t /o

RS-232

and

TTL

1
I a { n 6 7 q

d !

CJ

(u
vt

C'
!-
F

.Y

rlt
an

!

la

F

t n =
q . , c J
= . J 1

{,
L

(5

l.li re
Col  or 0range red green brownye1' lowb ' lack



The nonna' l  interconnections for wir ing compatabi l i ty between the
Universa] I /0 Board and an RS-232 or TTL devr 'ce are indicated in
Table 3-6.

SIGNAL DESCRIPTiON !^JIRE
COLOR

DB-25 PIN
NUMBERS

Recei ve
Request To Send
Clear  To Send

Transmi t
Dm"

Signal  Ground

0range
yel 1ow

green

red

brown

bl ack

I

4

a

x

7

Tab le  3 -6 .
Normal Interccnnections

Universa l  I iO Board to  RS-232 or  TTL
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4.'I . INTRODUCTiON

Before instal l ing the 680b Universa' l  I /0 Board, nefer to Seci ion V,
paragraph 5-2, and perform the visua' l  checks. Make sure the 680-MB Ex-
pander Card is correct ly instaf ied according to the instruct ions enc' losed
with the card. The Universal I /0 Board ls connected to the expander card
by means of  a '100-p in  edge connector  and is  ins ta ' l ' ted hor izonta ' l iy  above
the 680b Main Board with two threaded standoffs. Insta' l ' l  the 680b Uni-
versa l  I /0  Board accord ing to  the fo l lowing inst ruct ions.

1-2,  Insta l la t ion of  
'100-p in  

Edge Connector  onto Expander  Card (F igure 4-A)
l .  Remove the expander card from the socket on the 680b l4ain Board.
2. 0r ient the 

'100-pin 
edge connector over the two rows of holes ai

the lowest unused posit ion on the expander card.
3"  Inser t  the connector  p ins in to  the i r  respect ive ho les.  I t  may be

necessary to guide some of the pins with the t ip of i  sma' l l  screw-
driver. Insure that the 

'100-pin 
connector is t ight against ihe

board and that  a ' i ' i  100 p ins are ' in  the i r  respect ive ho ' les.

4. Secure the connector to the board with two #4-4A x 1/2" screr 'rs

and two 4-40 nuts.

5 .  So1der  each p in  to  the fo i l  (bot tom) s ide of  the board.  Insure

that so' lder br idges are not fonned.

Connector

:xpander Card

*4-40 Nul

i4 Lockwasher

c

I
I

^ i
-:r-f'.

t-.t'--14-40 

x Screw. .  t ) {

+--

I

Fi gure 4-A. Insta' i  I  at ion

December, I  975
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of 100-pin Edge Connector onto Expander Card
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4-3. l:afLe'l ' lation of Threaded Standoffs onto 680b Main Board(F igure  4-s )

NOTE
If  th is  board is  not  be ing insta l led
in the lowest posit ion on the expander
card, go to Paragraph 4-5.

l .  Carefui iy remove the 680b Main Board from the case.
2. Referr ing to Figure 4-ts, insert a #6-32 x 7/8" threaded standoff

with three #6 
' lockwashers 

in the mounting hole provided on each
s ide of  the main board.
Secure each standoff from the foi ' l  (bottom) side of the board
with a #6 lockwasher and a #6-32 nut.

Properly replace the 680b i4ain Board in the case as shown on
pages 69-70 in the 680b Assembly Manual "

#6 Lockwasher

+6-32 x 3/8" Screw

7/R"  Thrcaded Sfandof f,  t  v  r . r .  L s s v s  g 9 r

680 l'lai n Board

#5-32 Nut
#6 Lockwasher

#6 Lockwasher

Figure 4-8. Instal ' lat ion of Threaded Standoffs onto 680b Main Board

4-4.  F ina l  Insta l la t ' ion of  the 680b Universa l  I /0  Board
'1 .  

Replace the expander  card in to  i is  socket  on the 6BCb Main Boar i .
2. Insert the card stab connector of the Universa' l  I /0 Board (si ' lk-

screen side up) inio the . l00-pin 
edge connector on the expander

ra r^A

3. Secure the board in p' lace by insert ing a #6-32 x 3/8" screl wi ih
a +6 lockwasher into the top of each of ihe threaCed standoffs
as shown in  F iqure 4-8.

{I

?ar
I

F]]
i t t l
i l  t l
i l t l

n a l ^ a m n A Y .  t  q  / A
v s  e g r r r v v  I  t

680b u. t /o
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4-5.  Insta l la t ion of  More Than One Board (F igure 4-C)
1.  I f  th is  board is  be ing insta l led in  the second or  th i rd  pos i t ion

above the 680b l ' ' la in Board, fo] low the same procedure for instal]a-
t ion of the 

. l00-pin 
edge connector onto the expander card (Para-

graph 4-Z).
2 '  Af ter  ins ta l la t ion of  the 100-p in  connector ,  re insta l l  the expan-

der  card and the ' lower  board(s)  in to  the 6g0b Main Board.
3. Repiace both #6-3? x 7/8" screws and #6 

' lockwashers 
that previous-

ly secured the 'lower 
board with a #6-32 x 7/8" threaded standoff

and a #6 lockrvasher.
Insert the card stab connector of the universaj I /0 Board (si lk-
screen s ide up)  in to  the i00-p in  edge connector .
Secure the universal i /0 Board in pTace with a #5-32 x 3/8" screw
and a #6 lockwasher into the top of each of the threaded standoffs.

?
iJ- 

u6 Lockwasher

#6-32 x 3/8" Screw

znd Board J

7/8" Threaded Standoff

#6 Lockwasher

7/8" Threaded Standoff

Fi gure 4-C. Ins tal  I  at ' ion of i lore Than One Board

December,  1976
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4-6 .  Cabl e Assemb'lv Insta' l  I  at i  on

Fl at

each

A'12-conductor  round cable assemb' ly  ls  used for  the ACIA ser ia ' l  por t .

cable assembl  ies  are supp ' l ied for  the PIA para l ' le i  por ts .  Insta ' l l
cab' le according to the fo1lowing procedure.
1. Remove the metal piate with the two #4-40 x 3/8" screws from the

680b back panei  
's io t .

2 .  Inser t  the cable(s)  through the s lo t  and p lug in to  the appropr ia te
board socket. Up to three f lat cables and one round cab' le wi i ' l
f i t  through the siot.  Refer to Figure 4-D, Cable Assembly Inser-
t i  on .

a. For proper orr 'entat ion, insure that pr 'n ' l  of the cab' le connec-
tor  t 's  p laced over  the p in  1  pos i t ion of  the board socket .
Refer  to  F igure 5-A,  S j lkscreen Diagram (page 5-2) ,  for  p in

pos i t ions of  sockets  J ' l  ,  J3,  and J4"
b.  The round cable assembly  p ' lugs in to  the 10-p in  socket ,  J ' l  .

c.  The f ' lat cabie assemb'iy pjugs into the 24-pin socket, J3 or
J4.  The 25-p in  p lug on the othen s ide of  the assenbly  is
used for the I /0 de'r ice.

25-p in  P iug
for  I /0  Devjce

F l a t  C a b i e
Assemoiy

I ns'i de
3ack Pane' l

Ie ta i  p ' la te

+4-40 Nut

\

December,  I  976
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Fi gure 4-0. Cabl e Assemb'ly Insert i  on



3 . lltith the cabje sockets proper'ly inser"ted, fold the excess f' lat

cab ' le  once against  the back panel  s lo t .  Secure the cable(s)

with the meta' l  plate suppl ied with the 680b back panej and the

two #4-40 x 5/8" screws suppl ied wl ih the Universa' l  i /0 Board

as shown in Figure 4-E.

F igure 4-E.  F ina l

4-7.  "Burn- In"  Procedure

Cable Assembly  Insta l la t ion

When assembly  and ins ta1 la t ion  o f  the  board  have been comple ted ,
w e  r e c o m m e n d  t h a t  a  " b u r n - i n "  p r o c e d u r e  ( a t  l e a s t  4 8  h o u r s ' l o n g )  b e
per fo rmed.  Poss ib le  rna l func t ions  due to  improper  assembly  o r  component
fa i lu re  may occur  a t  th is  t ime.

1 .  Turn  the  un i t  on  and p iace  the  cover  on  the  computer .
2 .  Leave the  computer  on  fo r  a  per iod  o f  48  to '100 hours .  I f

prob' len,s are encountered, refer to Sect i  on V (Troub' leshoot ' ing )
of  the manua' l  .

D e c e m b e r , . l 9 7 6
680b u. t/o

4-5 /  (4 -5  b ' l ank  )



6E0h uNruEm$ffi i/0
$EGT|ON ifl

THOUBLE$IiOOTilNG



5.1. INTRODUCTiON

Section V is designed to aid in the 
' locat ion 

of malfunct ions that
could be encountered after the Altair  680b Universa't  I /0 Board is in-
s ta ] led in  the 680b computer .  Before insta l la t ion of  the board,  i t
shouid be v isual ly  inspected acccrd ing to  the v isual  inspect ion check
' l ist .  

A power supply check, prel iminary check, and general procedures
for troubleshooting TTL' logic are included to t 'nsure that the board is
funct ioning properly. Since tJte board is mainly software control ' led,
programs for troubleshooting the ACIA, PIAs and sense switches are pre-
sen ted  to  ass i s t  i n  the  l oca t ion  o f  poss ib le  fa i l u res .

I.JARN]NG
Always disconnect pcwer when removing
the board, cutt ing or resoldering pC'
lands, and removin or i  nsta ' l  

' l  
i  nq iCs .

5.2.  VISUAL INSPECTION CHECK LiST
Before the 680b Universa' l  i /0 tsoard is instal led, i t  is important

to check the cornponent assembly, etching of ' lands, 
and swiich sett ings.

Although the board should be assembied correct ' iy,  an extensive inspection.
may e' l  iminate possib' le rna' l funct ions.

l .  Genera' l

Carefu' l ly examine the board for the fol lowing:
a. leads that have not been so' ldered
b.  so jder  br idges
c.  co ld  so lder  connect ions
d.  er rors  such as ha i r l ine opens tn  lands

?. Component Check

Us' ing the s ' i ' l kscreen d iagram (F igure 5-A,  page 5-2)  as a gu ide,

check the fo ' l lowing:
a . proper po'l ari ty of capaci tors
b.  proper  po lar i ty  o f  d iodes
c. correct color codes on a' l l  resistors
d. proper p' in placement and good so' lder connections
e. proper piacement of al ' l  components

December,  1976
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3. Address Switch Sett ings

Check to see that al l  the switch sett ings are set according to
needs.

a. Refer to Table 3-2, 59 Addrels-leJss,tigJt (Rage 3-3), to insure
that the board is strapped to the proper' locat ions for the
ACIA and the PiAs.

b. Make sure that your progran uses the correct addresses.

c. I f  the ACIA seria' l  lnterface is used, lnsure that the proper

interface is selected on Sl through 56. Refer to Table 3-3,
ACIA-D In ter face Select ion (page 3- '10) .

5-3. PO1dER SUPPLY CHECK
Af ier  ins ta ' l ' la t ion of

is necessary to insure that

to the various ICs. Fol low

Power Supply Check.

5-4. PRELIMINARY CHECK

Upon comp' le t ion of  the power  suppiy  check, ' leave the machine on and
place i t  in  the Hal t  mode to  check the address and data ' l ines for  shor ts

and opens.
' l  

.  The 16 address switches on the 580b front panel shou' ld be in the

down pos i t ion in i t ia l ' l y .  P lace a l1  the swi tches in  the up pos i -

t ion and observe that ai ' l  the address LEDs are on. Return al l

the switches to the down posit ion and observe that al j  the LEDs
go off .

? .  Next ,  p iace each swi tch in  the up pos i t ion ind iv iduai jy .  0bserve

that the comesponding LED is on. After al ' l  the switches are up,

return them individua' l1y to the down posit ion and each LED should
go off.

3 .  Another  way of  check ing each address l ine is  by toggi ing each

address swi tch ind iv idual iy  and check ing ihe s igna ' l  toggle whi le

t rac ing i t  through the 1ogic .

the Universal I /0 Board, a power supply check

the proper  vo l tage leve ls  are be ing supp ' l ied

the inst ruct ions in  Tab ' le  5- l  (page 5-9) ,

December,  1976
680b u. t /o



The data l ines, Dg through 07, are checked in the same manner.
The data swi tches should be in  the down pos i i lon in i t ia l ly .
Pos i t ion a i l  the data swi tches up and p lace the DEpOsIT srv i tch
up momentari ly.  Notice when the DEp0sIT switch is posit ioned,
ai l  data LEDs shouid be on. Return a' l ' t  the switches to the
down posit ion and observe that ai l  LEDs are off .
P lace each swi tch up lnd iv idua] ry  whi re  pos i t ion ing the DEPOSIT
switch up each t ime. 0bserve that the comesponding LED is on
once the DEPOSIT switch is on. Return each switch to the down
posi t ion and observe that  the LED is  o f f .
I f  one LED or severa't  at the sarne t ime fai ' l  during the address
or  data ' l ine check,  ihere are problems on the un iversa i  L la
Board. Disconnect the power and remove the board. perfonn a
resistance check on the bus pins correspondr.ng to the address or
data l ines showing the incoryect indicat ions. I f  the resistance
reading indicates there ls a short or open in the circuit ,  trace
the land from the bus unti ' l  the prob' lem is iso' laiec.

5-5 .
' 1 .  

H l g h  l e v e l  =  l o g i c  1 =  2  t o  F  v o l t s
Low leve ' l  =  l og i c  0  =  .g  t c  - .5  vo l t s

2'  Always work backward through the logic from the troub' le area.
3. Always disconnect power when removing or instai i ing ICs and

when cut t ing or  reso ider ing pC lands.
4. when a gate e' lement appears bad (an output is opposite what i i

shou ' ld  be rv i th  a  g iven input )  check the for lowing:
a.  Insure the IC package has conect  yo] tage suppl ies and

grounds.

b. Recheck the output with the pin open (bend the pin uc and
re inser t  the IC fn  t ts  socket  -  i f  no i  sockeied,  cut  the' land 

that connects the pin to the externa' l  c ircuitry. I f
the output remains ' incorrect,  rep' lace the IC with a new part.
I f  the output is now correct,  look for shorts in nearby pc
lands (v isual ly  and wi ih  an ohmmeter) .  i f  none are found,

n

December ,  I  976
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the probab' le cause is a defect ive input at one of the e' lements
that the output feeds. Iso' late each input in turn by d' is-

connecting i t  f rom the external circuitry.
c .  i f  an input  is  between .8  vo l ts  and 2 vo l ts ,  check cont inu i -

ty back to the driving output,.

5.6. ACIA TROUBLESHOOTING

1.  S ince the 680b Universa l  1 /0  Board is  main ly  sof tware cont ro l led,
possible fai lures may be due to software bugs. Prograrn 5-i  ' is

for ACIA serial  port echo.

a.  Be sure the board is  s t rapped at  ihe lowest  pos i t ion.

b. Program 5-I may be changed for ihe part icular termina' l  being

used (refer to terminal manual).  The program also works wi ih
TTV

c. Using the 580b monitor M and N cornmands, enter a' l ' l  underl ined

characters in Proqram 5-I.

Program 5-I .  ACIA Ser ia l  Port  Echo

.u 0ggg 86 .N 0998 Ffi .N 9fl16 57

.!. aafi 03 . N fr90c w_ .[ 0917 s7

.[ fi092 87 .N fr000 47 .U frfi19 24

.u ga03 ?g .N 900E ?4 .[ ggle Fe

.u ggas 86 . N ailT 85 . N 0g1B Ffi

.[ 0gg5 Bl* .N 9911 Ep- .[ fifl1c gL

.u 9fi67 87 .N fi012 9l_ .[ 9010 2g

.N 9gg8 E9- .N f i fr13 F5 .L 9g1E EB

.N fiage a6 .N gg14 Fg .!. 94gg

.N qgfrA 86 .N 9015 gS_

*NOTE: B1 sets up I  data bi ts ,  2 stop bi ts ,  Receive-Transmit
interupts enabled,  and '  16 mode.

December,  1976
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d.  I f  Program 5- I  is  not  work ing,  make sure the inst ruct ions

were entered ccr rect ly .  A1so,  inspect  the swi tch set t ings.

I f  the instruct ions and sett ings are correct,and the program

is s t i l ' l  not  work ing,  Hal t  the machine and check the address
decod ing  1og ic .

2. To check the address decoding logic, t le Vit lA ( iC-U, pin 3) to
+5 vo ' l ts  wi th  a  c ' l ip  and fo l low the lnst ruct ions in  Table 5-2
(page  5 - ]0 ) .

3 .  i f  a  prob lem st i l l  ex is ts  a f ter  fo l lowing Table 5-2,  remove the
VivlA jumper and run the program while checking the RX and TX data
l ine interfaces and associated interface components on the ACiA.

a.  Wi th  Program 5- I  s t i ' l l  entered,  check the RX Data l ine
(ACIA-D,  p in  2) .  Observe that  in format ion ' is  be ing received
from the I /0 device whi le entering characters on the device
keyboard. I f  infornation is noi coming frcm the I /0 device,
check through the RX Data interface circuitry to the back
pane' l  connector. Replace defect ' ive parts i f  necessary.

b .  Check  ihe  TX  Da ta ' l i ne  (AC iA-D ,  p in  6 )  and  assoc ia ied  in te r -

face components back to the 1/0 device.

5-7. PIA TROUBLESHOOTING
l : .  An echo program is  a iso ut i ' l i zed to  check the p iAs.  proEram 5- I I

is  for  PIA para l le l  por t  echo.
a. Before program S-II  is enteredn the data and control . l ines

must  be shor ted by making the fo l lowing connect ions wi th  a
D B - 2 5  p i n  m a l e  p l u g .

p i n 2 - 1 3
p i n  3  -  1 2
p l n 4 - 2 0
p i n 5 - 2 1
p i n  1 0  -  1 B
p in  ' l ' l  -  l 9
p ' in  14 -  22
p i n  1 5  -  2 3
p i n  1 6  -  2 4
pin '17 -  ?5

l l o r o m h a n  1 C 7 6v v v s . r r v v i  t  t J t w

680b u. t /o
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b. trdi th these connections made, th PA data' l ines are shorted to
the PB data l ines.  CAI  is  t ied to  CB2 and CA2 is  t ied to  CB] .
The connections al low the paral lel  port echo program (Program

5-II)  to be run by outputt ing data on the PB data l ines and
input t ing data on the PA data J ines.

c. Us' ing the 680b monitor M and N commands, enter al l  underj ined
characters in Prograrn 5-II .

Program 5- I i .  PIA Para i ' le ' l  Por t  Echo

.[ 90ga 4F

.N 0901 87

.N 9Ag7 87

.N Ag0A 43

.[ ggaB 87

.N oAgC F0

December,  1976
680b u. t /o

.N 0a0E 86

.N figgF 04

.N 9914 F0

.N 0017 FF

.[[ 0gAD 0B or 0F .N AfiA F0

.N  9A1g  0B  o r  0F

.[[ fr903 08 or 0c .!. 9fl10 87

.!. 90fr4 87

.{ flfits Fo

.[ 9fr06 09 or 0D .N 9013 87

^ '  g01F 27.$$. AfiT 08 or 0C r 'r

. [  g01c  F l

.[ 9918 09 or 0D

.l!- fr$flg Fo .N gfi15 0A or 0E 'L fr922 FF

.[ fl923 AB

.!- frfisq

.N 0019 F7

d. The program should echo any character entered through the

680b Main Board ACIA. I f  there is an eror whenever a charac-

ter is entered, the program wil l  jump back to the system

moni tor  and pr in t  out  a  dot .

e .  Ha] t  the machine and fo l ]ow the inst ruct ions in  Table 5-3 (page 5-12) .

The tab' le assumes the board is strapped at the 
' lowest ' locat ion.

The VMA must be jumpered HIGH at pin 3 of IC-U.

5-7



5-8. SENSE SWITCHES

The sense switches (S7 and S8) are used to set a certain bit  pattern
and may be used severa' l  t imes during a program. Program 5-II I  is used to
check the sense switches.

1.  F i rs t ,  set  a  b i t  pat tern on the sense swi tches.
Z. Enter a' l  I  underi  ined charac'uers i  n Program 5-i  I  I  .  The program

uses al l  ones to start .

Program 5- I I i .  Sense Swi tch Check

1 n *

t i -

FF

A D

M

l l
, t \

l\l
r  l l

. {

ilt
. l l

t l
. l \

t\l
o  l \

.u
I t

.!_
M

B6

FO

03

87

00* *or any locatt 'on

Tgag

g01a XX** * *shou ld  equa i  Pat te rn
se t  on  sense swi tches

When the program has run, the ccmputer w' i  i  1 return to the system
moni tor  and pr in t  out  a  dot .

Examine locat ion 0010 and observe the b i t  pa i tern.  I f  the b i t
pat iern does not match the pattern on the sense switches, refer
to  Tabje 5-4 (page 5- . |4) .

gg0g

fra01
gg92

gafl3

gat4

9fifrs
ggg6

fi097

9048

l i o a o r T l n o F  l u t r .
v v  v s r r r v g ,  t

680b u. t /o
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