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1-1. SCOPE AND ARRANGEMENT

The Altair 680b Universal I/0 Board Documentation provides a
general description of the printed circuit board and detailed theory
of its operation. The manual contains five sections as follows:

1. Section I contains a general description of the Altair 680b
Universal I/0 Board.

2. An explanation of parallel (PIA) and serial (ACIA) port selection,

including the port structure and operation, is presented in

Section II.

Section III includes a detailed theory explanation of the 680b

Universal I/0 circuit operation.

[8%)

4. Section IV contains instructions for installing the Universal I1/0
Board into the Altair 680b computer.

5. Troubleshooting information for the 680b Universal 1/0 Board is
found in Section V.

1-2. DESCRIPTION

The 680b Universal I/0 Board provides two paraliel ports and one
serial port while occupying only one slot on the 680b expander card.
The design of the parallel and serial ports is based upon two peri-
pheral ICs, the 6820 Parallel Interface Adapter (PIA) and the 6850
Asynchronous Communication Interface Adapter (ACIA), respectively.

The PIA contains all Control and Data Registers, thus most options
are software selectable. These options include data directicn (each
data line can act as an input or an output) and interrupt/control
structure. The Universal I/0 Board can be expanded up to two parallel
ports. With only one PIA parallel port, the board can handle two in-
puts (such as a paper tape reader or keyboard) or two output devices
(such as a paper tape punch and printer) or any cembination of custom
applications. A Universal I/0 with two PIA parallel ports has 32 data
Tines (each group of eight is individually selectable) and all data lines
are fully TTL compatable. When utilized as outputs, eight of the 16
data lines are capable of directly driving the base of a transistor
switch (1.5v at Ima). The Universal I/0 is also provided with a parallel
3-bit non-latched output at TTL levels.

Cecember, 1976
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The ACIA allows data to be taken in from a device in serial and
transferred onto the data bus in parallel. Data can also be entered
from the data bus into the ACIA in parallel and sent out to a device
in serial form. The ACIA contains both Control and Status Registers.
Five control Tines allow maximum utilization of sophisticated terminals.
The five control lines are Transmit Data, Receive Data, Data Carrier
Detect, Clear To Send, and Request To Send. The 8-bit Status Register
allows for greater control and handshaking ability by indicating re-
ceived data available, transmitter buffer empty, carrier detect, clear
to send, framing error, received data overflow, parity error, and
interrupt request.

1-2 December, 1975
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2-1. GENERAL
Section II contains a detailed description of the MITS Altair 680b
Universal I/0 Board parallel (PIA) and serial (ACIA) port selection.

Tables are provided to aid in understanding the PIA and ACIA structure
and operation.

2-2. PARALLEL PORT (PIA) SELECTION

The Altair 680b reserves 256 address locations for I/0 interfacing
and each I/0 card requires 16 address lines. Hardware sets the upper
address lines, A15 through A8, to FO for all I/0 ports. These addresses
are FOXX (XX = user selectable). Address lines A7 through A4 and their
complements, A7 through A4, are also user selectable. With these addresses,
there are 16 different address locations for the Universal I/0. Address
Tines A3 and A2 select between three ports. A3 addresses the paraliel
ports or the serial port and A2 selects between the parallel ports.

Each PIA contains two sections, A and B, and each section has two
channels, Control/Status and Data-Data Direction. Address lines A and
Al enable the selection of the port section and the channel. If the twe
parallel ports are addressed at FO08 and FGOC, the port, section, and
channel addresses would appear as in Table 2-1, assuming the board is
strapped at the lowest possible position.

Table 2-1. PIA Address Selection

ADDRESS IC SECTION CHANNEL
FOO8 A CONTROL/STATUS
FO09 (:; DATA - DDR
FOOA B CONTROL/STATUS
FOOB DATA - DDR
FOOC A CONTROL/STATUS
FOOD DATA - DDR
FOOE §E§ CONTROL/STATUS
FOOF B DATA - DDR

December, 1976
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The simplified block diagram (Figure 2-A) illustrates the internal
structure of a PIA. Each port section, A and B, contains three registers,
eight data Tines, two control lines and an interrupt request output. The
Control/Status Register (Table 2-2) is a Read/Write register, meaning

that it can be written into and read from. Bits 7 and 6 are unaffected
during a Write.

Figure 2-A. Internal Structure of a PIA

MPU PORT 1/0 DEVICE(S)
Data In - - CAl
‘Data Out l - A - CAE’
Section
Data In/Out
> - -
: | (8 lines)
InterTupt
-
Address el
Bus — — -t
Read B CB2
Write > - =
Section
' Data In/Out
- - s
T (8 *ines)
—_ ‘Interrupt
IRQ o J
Table 2-2. PIA Control Status Register
. Bit# |7 6 | s 4 30 2 I 0
| % | | | |
' Function | Interrupt | €2 Control DDR ! C1 Control
| Request | Control | 1

2-2 December, 1976
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Control bits 1 and @ affect the operation of the external control
Tine, C1. C1 is used as an input control line from the I/0 device.
Status bit 7 and the interrupt request output to the system bus, 1RQ, are
then affected by the activity of C1 as shown in Table 2-3. Bit 7 and
IRQ are reset (bit 7 goes LOW, IRQ goes HIGH) when the Data Register is
read by the MPU. Control bit 1 determines whether C1 is active with a
LOW going transition (bit 1 = 0) or active with a HIGH going transition
(bit 1 =1). The IRQ is dependant on how bit @ is set in the Control

Register. For example, if bit § = 1 and C1 is active, the TRQ output will
be LOW, interrupting the system.

Tabie 2-3. Control of Interrupt Inputs, C1 (CAl and CB1)

CONTROL BITS C1 STATUS BIT 7 TRQ
1 0 INPUT OUTPUT |

i

0 0 Active LOW . | Set HIGH when C1 is active [Disabled -- remains HIGH
0~ 1 Active LOW | Set HIGH when C1 is active !Goes LOW when Bit 7 is HIGH

1T 0 Active HIGH | Set HIGH when C1 is active |Disabled -- remains HIGH
1 ~ 1 | Active HIGH | Set HIGH when C1 is active |Goes LOW when Bit 7 is HIGH

‘ i H Jl

The C2 control line can function as either an input or an output
for the I/0 device. When C2 functions as an input (control bit 5 LOW),
its mode of operation is determined by control bits 5, 4, and 3 as
shown in Table 2-4. Sections A and B operate identically when C2 func-
tions as an input.

Table 2-4. Control of Interrupt Inputs, C2 (CA2 and CB2)

§CONTROL BITS C2 STATUS BIT 6 IRQ

.5 4 3 INPUT QUTPUT

i 00 |0 Active LOW Set HIGH when C2 is active | Disabled -- remains HIGH

; 0 0 1 Active LOW Set HIGH when C2 is active | Goes LCW when Bit 6 is HIGH
% 0. 110 Active HIGH | Set HIGH when C2 is active Disabled -- remains HIGH

% ol 1 i1 Active HIGH | Set HIGH when C2 is active | Goes LOW when Bit 6 is HIGH

December, 1976 2-3
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5 HIGH) as shown in Table 2-5.

C2 (noted as CA2) functions as an output in section A (control bit

The E pulse is the 92 (500KHz) from the

680b system bus which partially enables the port to Read and Write.

Table 2-5. Control of CA2 As An Output

A SECTION CA2
CONTROL BITS
51473 CLEARED SET
100 |LOW after E pulse, following| HIGH when CAl is active
read of A data channel
11011 |LOW after a read of A data HIGH following next E
channel pulse
111 10 |Always LOW when Bit 3 is
LOW
| 111 01 Always HIGH when Bit 3
is HIGH

5 HIGH) as shown in Table 2-6.

€2 (noted as CB2) functions as an output in section B (control bit

To write into a Control Register, locad

the accumulator with each bit set according to the tables. Then store
the accumulator at the address location of the control chanrnei. A1l

the ports are reset when power is first appiied, thereby resetting the
data lines and the C2 line for both sections as inputs.

Table 2-6. Control of CB2 As An Qutput

B SECTION €82
COMTROL BITS

51413 CLEARED SET

11010 | LOW on positive going transitions HIGH when C/S Bit 7 is
of first E pulse following write set HIGH by CB1 active
on B data channel after Control/ transition
Status bit 7 is cleared by read
of B data channel.

110 |1 {LOWwhen E pulse goes HIGH, HIGH when next E pulse
following a write of B data channel goes HIGH

1171 10 | Always LOW when Bit 3 is LOW

T 11 |1 Always HIGH when Bit 3

is HIGH

i

2-4
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Data channel address permits access to either the Data Register or the
Data Direction Register (DDR). The status bit 2 in the Control Register
determines whether the Data Register or the DDR is accessed. If bit 2 is a
logic @, the DDR is accessed. If bit 2 is logic 1, the Data Register is
accessed. Writing a logic 1 into any bit of the DDR will cause the corres-
ponding data 1ine to act as an output. Writing a logic @ into any bit of the
DDR will cause the corresponding data 1ine to act as an input. Thus, there
can be any combination of inputs or outputs on the data lines (PAP through
PA7 and PB@ through PB7).

2-3. PIA Initialization

Program 2-1 illustrates the initialization procedure for a parallel
port. The initialization sets up communication between the MPU and the
680b Universal I/0 Board. In this example, PIA-C is utilized and the
Universal I/0 is addressed at its lowest location, FO08 through FOOB.
If a second parallel port is used, the lowest address location would be
FOOC through FOCF.

The addresses function as follows: FO008 = section A Control/Status

Register; FO09 = section A Data-Directicn (when accessed) and Data Chan-
nel Register; FOOA = section B Control/Status Register; FOOB = section B
Data-Direction (when accessed) and Data Channel Register.

Section A functicns as an input and section B functions as an outpuf.

mPUT

1. If the I/0 device has valid data, a strobe signal from the I/0
device pulls the input CA1 line LOW. Bit 7 of section A Control/
Status Register goes HIGH. CA2 goes LOW following a Read of
section A Data Channel, then returns HIGH afier the next ENABLE
pulse. CA2 is telling the I/0 device that data has been read
and to send more data.

2. With additional programming, the MPU can be instructed to period-
jcally check the saction A Control/Status Register to interpret
the status of bit 7. When bit 7 is HIGH, Step 3 will be entered.

3. Data Channel Register is input to the accumulator. This, in turn,
resets bit 7 of the Control/Status Register and CA2 becomes active.
CA2 returns HIGH after the next E pulse. CA2 tells the I/0 device
that new data may be entered.

~
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QUTPUT )

1. CB1 is pulled LOW by the device when it is ready to recesive new
data.

2. With additional programming, the MPU can be instructed to period-
ically input the section B Control/Status Register to interpret
the status of bit 7. When bit 7 is HIGH, Step 3 will be entered.

3. Data is output to the I/0 device and latched into the port's out-
put. CB2 goes LOW when the next E pulse goes HIGH. CB2 returns
to a HIGH position when the E pulse goes HIGH again. CB2 can be
used to strobe data into the I/0 device.

Using the 680b monitor M and N commands, enter all underlined
characters in Program 2-I. The index mode of addressing is used.

Program 2-1I. PIA Initialization

M 0000 CE

N 0001 FO

N 0002 08

N 0003 4F CLRA  A>00

N 0004 A7)

N 0005 00§ ACCESS DDR OF SECTION A

N 0006 A7)

N 0007 01§ SET SECTION A AS INPUTS

N 0008 A7

N 0009 02 f ACCESS DDR OF SECTION B

N 000A 43 COMA  A>FF

N 0008 A7)

N 000C 03§ SET SECTION B AS OUTPUTS

N 000D 86 CA1 = ACTIVE LOW; TRQ IS DISABLED

N 000E  2C CA2 = ACTIVE LOW AFTER READ OF SECTION A
N 000F A7 DATA CHANNEL REGISTER, THEN GOES
i —-—> HIGH FOLLOWING NEXT E (ENABLE) PULSE.
N 0010 00 o

N ool AT CB1 = ACTIVE LOW; IRQ IS DISABLED

A 0012 02 CB2 = ACTIVE LOW WHEN E PULSE GOES HIGH

=1 FOLLCWING A WRITE OF SECTION B
DATA CHANNEL REGISTER. RETURNS
HIGH WHEN THE NEXT E PULSE GOES HIGH.

N
t
N

December, 1975
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2-4. SERIAL PORT (ACIA) SELECTION

The 680b Universal I/0 Board utilizes a 6850 Asynchronous Communi-
cations Interface Adapter (ACIA). The ACIA allows serial data to be
taken in on its receive line and transfers the data onto the data bus,
or data can be entered from the data bus into the ACIA and sent out the
transmit data 1ine in serial form.

The ACIA has three chip select inputs, CSP, CS1, and C32, which are
used in the selection of the ACIA. It also has a Register Select (RS)
input, controlled by address line AP, that can select between the differ-
ent internal registers. The ENABLE signal is used for internal interrupt
control and the timing of Control/Status changes. Since all data transfers
take place during §2 of the system clock, it is used as the ENABLE signal.
The R/W signal determines the direction of data flow.

2-5. ACIA Control Register
The ACIA has an 8-bit Control Register that allows port configura-
tion under software control. Each bit is defined in Table 2-7.

7 6 5 4 3 2 1 0
! In Out Transmission Clock Divide .
Interrupt Interrupt Bits And Reset

"NOTE: Data Bit LOW = 0
Data Bit HIGH = 1

Table 2-7. ACIA Control Register

The first two data bits, @ and 1, control the internal clock divide
circuit and the Master Reset as shown in Table 2-8.

by

—_ 0 — ol

BIT 1 BIT @ FUNCTION |
1 |
+ 16
+ 64

Master
Reset

—_— s O O -

Table 2-8. Control Bits for Internal Clock Divide and Master Reset

December, 1976
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Normal operations output bits @ and 1 as equal to "1" to reset the
ACIA. When initializing the port, the internal clock divide is set to
+ 16 because the baud rate clock frequency is 16 times higher than the
selected baud rate. Refer to Table 2-9 for the desired baud rate.

POSITION BAUD
RATE

o |

2

50
75
134.5
200
€00
2400
5600
4800
1800
1200
2400
300
150
110

et O = D et O e O O - O O
— e O O = et OO e - OO
—_— ed el e OO O OO - ed el e DO W
— el e ed d ed e et OO O O O O -

NOTE: This Baud Rate uses the + 16 mode for
the ACIA. To select the correct baud
rate, position the correct switch of
S10 to the 1 or 0 side marked on the
silkscreen.

Table 2-9. S10 Baud Rate Selection

2-8 December, 1976
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In order to choose any one of 5 additional baud rates, select the
baud rate from Table 2-10 and set S10, using the = 64 mode (data bits
1 and @ are equal to 1 and @, respectively). Note that the selected baud
rate is four times larger than the desired baud rate. Due to the internal
structure of the ACIA, it is not possible to use the = 1 clock because
some means of external synchronization must be used.

DESIRED BAUD RATE SELECTED BAUD RATE
27.5 110
37.5 150
75.0 300
450 1800
600 1 2400

Table 2-10. Additional Baud Rata Selection

The next three bits of the Control Register determine word length,
parity, and the number of stop bits. Consult the I/0 device manual for
the configuration required and set the bits according to Table 2-11.

DATA BIT FUNCTION
4 3 2 # of # of Parity
! Data Bits Stop Bits
| Q 0 0 7 2 Even
0 0 1 7 2 0dd
0 1 0 7 1 Even
C 1 1 7 1 0dd
1 0 0 8 2 None
1 " 1 8 1 None
1 1 0 8 1 tven
1 1 1 8 1 0dd

Table 2-11. Transmission Control Bits

December, 1976
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The last three bits of the Control Register control interrupts and
I/0 device handshake as shown in Table 2-12.

DATA BIT FUNCTION

7 6 5

X 0 0 RTS = LOW, transmitting interrupt disabled.

X 0 1 RTS = LOW, transmitting interrupt enabled.

X 1 0 RTS = HIGH, transmitting interrupt disabled.

X | 1 RTS = HIGH, transmits a break level on the
transmit data output. Transmit inter-
rupt disabled.

0 X X Receive interrupt disabled

1 X X Receive interrupt enabled

X = does not matter

Table 2-12. Interrupt Control Bité

Table 2-13 shows the ACIA initialization for a Teletype with eight
data bits, two stop bits, and no parity. This example illustrates the

initialization when the Con
FC0s.

trol/Status Registers are located at address

| OCTAL CODE FUNCTION

| 86
03
B7 Reset Port
FO
06
86 Set up for 8 data bits,
B1 2 stop bits, no parity,
B7 < 16 mode,
FO RTS = LOW, transmit and
00 | receive interrupts enabled.
Table 2-13. ACIA Sample Initialization

December, 1976
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2-6. ACIA Status Register*

Information on the status of the ACIA is available to the MPU by
reading the ACIA Status Register. This read-only register is selected
when Register Select (RS) is LOW and R/W is HIGH. Information stored
in this register indicates the status of the Transmit Data Register, the
Receive Data Register and error logic, and the peripheral/modem status
inputs of the ACIA.

Receive Data Register Full (RDRF), Bit @ - RDRF indicates that re-
ceived data has been transferred to the Receive Data Register. RDRF is
cleared 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
Receive Data Register are not current. Data Carrier Detect being HIGH
also causes RDRF to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1 - The TDRE bit being set
HIGH indicates that the Transmit Data Register contants have been trans-
ferred and that new data may be entered. The LOW state indicates that
the register is full and that transmission of a new character, has not
begun since the last write data command.

Data Carrier Detect (DCD), Bit 2 - The OCD bit will be HIGH when
the DCD input from a modem has gone HIGH to indicate that a carrier is
not present. This bit going HIGH causes an Interrupt Request to be
generated when the Receive Interrupt Enable is set. It remains HIGH
after the DCD input is returned LOW until cleared by first reading the

Status Register and then the Data Register or until a Master Reset occurs.

If the DCD input remains HIGH after Read Status and Read Data or Master
Reset have occurred, the DCD status bit remains HIGH and will follow the
BCD input.

Clear To Send (CTS), Bit 3 = The CTS bit indicates the state of the
CTS input from a modem. A LOW C7S indicates that there is a Clear 1o
Send from the modem. In the HIGH state, the Transmit Data Register Emp~
ty bit is inhibited and the Clear To Send status bit will be HIGH. Mas-
ter Reset does not affect the Clear To Send status bit.

December, 1976
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Framing Error (FE), Bit 4 - FE indicates that the received charac-
ter is improperly framed by a start and a stop'bit and is detected by
the absence of the first stop bit. This error indicates a synchroniza-
tion error, faulty transmission, or a break condition. The FE flag is
set or reset during the receive data transfer time. Therefore, this error
indicator is present throughout the time that the associated character
is available. '

Receiver Overrun (OVRN), Bit 5 - Overrun is an error flag 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 frem
the Receive Data Register (RDR) prior to subsequent characters being re-
ceived. The overrun condition begins at the midpoint of the last bit of
the second character received in succession without a Read of the RDR
having occurred. The overrun does not occur in the Status Register until
the valid character prior to overrun has been read. _The RDRF bit remains
set until the overrun is reset. Charactar synchronization is maintained
during the overrun condition. The overrun indication is raset after read-
ing of the data from the RDR. Overrun is also reset by the Master Reset.

Parity Error (PE), Bit 6 - The parity error flag indicates that the
number of HIGHs (ones) in the character does not agree with the preselected
odd or even parity. 0dd parity is defined to be when the total number of
ones is odd. The parity error indicaticn will be present as long as the
data character is in the RDR. If no parity is selected, then both the
transmitter parity generator output and the receiver parity check results
are inhibited.

Interrupt Request (IRQ), Bit 7 - The IRQ bit indicates the state of
the IRQ output. Any interrupt condition with its applicable enable will
be indicated in this status bit. Anytime the TRQ output is LOW the IRQ
bit will be HIGH to indicate the interrupt or service request status.

*The material included in Section 2-5, ACIA Status Register, is copyright
1975 by Motorola, Inc., Semi-conductor Product Division.
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3-1. GENERAL .

Section III provides a detailed theory explanation of the 680b
Universal I/0 Board circuitry, including a basic description of the
logic symbols used in the Universal I/0 schematics.

3-2. LOGIC CIRCUITS

The detailed schematics of the 680b Universal I/0 Board (sheets 1
of 3, 2 of 3, and 3 of 3) are drawn to aid in determining signal di-
rection and tracing. A solid arrow () on the signal 1ine indicates
direction.

The logic circuits used in the Universal I/0 schematics are pre-
sented in Table 3-1. The table provides the functional name, symbelic
representation, and brief description of each logic circuit. Where
applicable, a truth table is furnished to aid in understanding circuit
operation. The active state of the inputs and outputs of the logic
A small circle at
an input to a logic circuit indicates that the input is an active LOW;

that is, a LOW signal will enable the input.

circuits is graphically displayed by small circles.

A small circle at the ocut-
put of a logic circuit indicates that the output is an active LOW; that

is, the output is LOW in the actuated state.

Conversely, the absence

of a small circle indicates that the input or output is active HIGH.

Table 3-1. Symbol Definitions
NAME LOGIC SYMBOL DESCRIPTION
N The NAND gate performs one of the 5
NAND gate g | n common logic functions. All of the {
N— — — / inputs have to be enabled (HIGH) to !
N —— produce the desired (LOW) output. %
A—— The NOR gate performs one of the %
B— common logic functions. Any of the ‘
NCR gate N— — — "
_ inputs needs to be enabled (HIGH)
Y=A+B . N '+0 produce the desired (LOW) output.
; — The inverter is an amplifier whose i
Inverter A ; A output is the opposite state of the |
input.
1 A The non-inverting bus driver is an 1
A L amplifier whose output is the same- |
Non-Inverting i state as the input. Data is enabled
Bus Driver J— through the devica by applying a (LCW)
signal to the E input. B

December, 1576
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3-3. ADDRESS DECODING

ATl the ports begin with the starting address FOXX (XX =
user selectable ). With FO on the upper eight address lines
(sheet 1 of 3, zone D7), all the inputs to NAND gate W are HIGH
(logic 1). Address lines A1l through A8 are inverted HIGH.
This enables NAND gate W pin 8 (zone D6) LOW (logic §). This
signal is inverted HIGH and presénted to the input of NAND gate
J pin 5 (zone D4). The VMA (Valid Memory Address), which is
used to tell I/0 peripherals that a valid memory address exists

on the address bus, also presents a HIGH signal at pin 4 (zone
D4) to enable gate J pin 6 LOW. The LOW at pin 6§ of J is in-
verted at pin 6 of V (zone D3). )

Tne next four address lines, A7 through A4 (zone C7), are
user changeable with a possible 16 switch positions that are
controlled by switch S9. Refer to Table 3-2 for S9 address se-
lection. Depending on the position of S9, A7 through A4 can be
inverted or double inverted to the inputs of NAND gate Z pins
13, 12, 10, and 9 (zone C4). Assuming that S9 is positioned
for A7, A6, A5, and A4, address lines A7 through A4 are LOW and
inverted HIGH at the inputs of NAND gate Z. This enables the
output of Z pin 8 LOW and this signal is presented to the input
of NOR gate T pin 2 (zone C4). A LOW from NAND gate J pin 6
(zone D4) is also present, thus enabling the output of NOR gate
T pin 1 (zone C3) HIGH. Therefore, two of the enabling signals
required for the chip selects (CS) on the PIAs and ACIA have
been decoded.

December, 1976
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Table 3-2.

S9 Address Selection

S9 Positions

PIA - B PIA - C ACIA - D A7 A6 A5 A4
FOOC - FOOF FOO8 - FOOB FO06 - FOO7 A7 |6 |A5 | A%
FOIC - FOIF FO18 - FO18 FO16 - FO17 A7 | A6 | A5 | A4
F02C - FO2F F028 - F028 FO26 - FO27 A7 | R |A5 | A%
FO3C - FO3F 'FO38 - FO3B FO36 - FO037 A7 | R6 | A5 | A4
FO4C - FO4F FO48 - FO4B FO46 - FO47 7 | A6 | A5 | A%
FO5C - FC5F FO58 - FO5B FO56 - F057 A7 | A6 | A5 | Ad
FO6C - FO6F FO68 - FO6B FO66 - F067 A7 | A6 |A5 | ARG
FO7C - FO7F FO78 - FO7B FO76 - FO77 E7 | A6 A5 | A4
FOBC - FOSF F088 - FO8B FO86 - F087 A7 | B A5 | AT
FOSC - FO9F FO98 - FO98 FOS6 - F097 A7 | A6 |AS A4

“FGAC - FOAF FOAS - FOAB FOA6 - FOA7 A7 |6 | A5 | AZ
FOBC - FOBF FOBS - FOBB FOB6 - FOB7 A7 | BB | A5 | A4
FGCC - FOCF FOC8 - FOCB FOC6 - FOC7 A7 | A6 |A5 | AG
FODC - FODF FOD8 - FODB FOD6 - FOD7 A7 | A6 |A5 | A4
FOEC - FOEF FOE8 - FOEB FOES - FOE7 A7 | A6 [A5 | AT
FOFC - FOFF FOF8 - FOFB FOF6 - FOF7 A7 | A6 | A5 | A4
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The address lccatfon for the hardware programmable bits is
FOO3 on the address bus. Tnis location is fixed and cannot be
changed by the user. The correct address wiil enable Tri-State
drivers R and S pins 1 (zone C2 and D2) LOW, and this signal
allows the switch selectable inputs (logic 1 or 8) to be passed
on to the outputs of R and S. The inputs of NAND gate H pins 1,
2, and 13 (zone C3) are HIGH, enabling the output pin 12 LOW.
The HIGH signal at pin 1 comes directly from inverter V (zone D3)
and was derived from NAND gate W as described earlier. The HIGH
signal at pin 2 is derived from address lines A7 through A4.
These address lines are LOW and inverted to the inputs of NAND
gate Z pins 1, 2, 4, and 5 (zone D6). The output of Z pin 6 is
~enabled LOW then inverted, presenting a HIGH at pin 2 of gate H.
The HIGH at pin 13 is supplied when the output of NAND gate BI
pin 6 (zone C5) is LOW and inverted at G. To enable BT LOW, ad-
dress lines A2 and A3 (zone B7) are LOW then inverted to present
the appropriate signals at the inputs of Bi pins 5 and 4 (zone
C5). The other two inputs of B1, N and.P, are double inverted
address lines Al and AP (sheet 2 of 3, zone C8 and BR) and must
be HIGH for the input pins 1 and 2 of B1 to be HIGH.

The address locations for an 8-bit parallel non-latched
interface are set at FOI0 Control/Status and FO11 Data for Drive
1 and FO12 Control/Status and FQ13 Data for Drive 2. These ad-
dresses are set and are not user selectable. Address lines Al and
and A@ are both inverted. Al determines which address location
is used. If Al is LOW, FO10/F011 is selected and if Al is HIGH,
F012/FC013 is used for Control/Status and Data Channels.

December, 1878
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When FO for the upper address lines is selected, a LOW signal
is presented to the input of NOR gate T pin 5 (sheet 1 of 3, zone
C5). A LOW signal also goes to pin 6 from the output of NAND gate
Al pin 8 (zone B5). For Al to have a LOW output, all the inputs
must be HIGH. Address lines A7, A6, A5, A3, and A2 are LOW and
inverted HIGH to the inputs of Al pins 6, 12, 11, 5, and 4. A4
is double inverted to the input of Al pin 2 and must be HIGH for
the proper condition to exist. VMA is tied to pin 1 of Al. With
VMA valid and the other input pins of Al HIGH, the output pin 8
will be LOW.

The LOW signals at the input pins 5 and 6 (zone C5) enable pin
4 of NOR gate T HIGH. This signal goes to NAND gate H pin 11 (zone
BS), enabling the gate for double inverted R/W and § clock signals.
A LOW going pulse, 1 microsecond wide with a 20 microsecond pericd,
occurs at the output pin 8 when data or status is being read from
the device. This LOW going pulse is the READ STROBE and goes to
J2 which is a 24-pin socket. A flat cable assembly plugs into this
socket. The 25-pin plug on tne other side of the assembly is used
for the interfaca. The READ STROBE signal enables pins 1 (zone BS
and A5) of Tri-State drivers M and P, allowing data to be trans-
ferred from the device to the data bus.

The HIGH signal from NOR gate T pin 4 is also present at the
input of NAND gate F pin 2 (zone C4) and inverted to F pin 4 (zone
B3). R/W-P (zone D7) is inverted HIGH to F pin 1, enabling the
output of F pin 3 (zone C3) LOW. There is a delay on this line
and it is used to insure that Write data {is valid when it is writ-
ten into the device. The WRITE STROBE occurs at the output of E
pin 6 (zone C2) and is a LOW going pulse with an approximate width
of 1 microsecond and a period of 3 milliseconds. This signal goes
directly to socket J2. Write data becomes valid 200 nanoseconds
(maximum) after Data Bus Enable (DBE), which is tied directly to
P2 of the system clock, is active HIGH.

December, 1976 3-
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The LOW output signal from gate F pin 3 enables pins 1 (zcne
B6 and A6) of Tri-State drivers L and N, allowing data to be trans-
ferred from the 680b data bus to the device. The resistors on the
device data lines are used for noise immunity.

If the interface is being addressed, the input of NAND gate
F pin 4 (zone B3) is LOW. This keeps the output of F pin 6 HIGH
and does not allow an interrupt from the device. When the inter-
face is not being addressed, pin 4 of F is HIGH and the data lines
to the interface are HIGH. If an interrupt is seen from the de-
vice and pin 4 of F is HIGH, a LOW signal may appear at one of the
three inputs of NAND gate H pins 3, 4, or 5 (zone B2). These in-
puts are tied to bits @, 1, and 7, respectively. If a LOW does
appear on one of the inputs of H, the output pin 6 (zone B3) is
HIGH, enabling NAND gate F LOW, indicating an interrupt.

3-4. PORT SELECTION

The three ports (ACIA-D, PIA-C, PIA-B) each have three chip
select 1ines. These are CS@, CS1, and CS2 (sheet 2 of 3). For
each port to be enabled, CSP and CS1 must be HIGH when CS2 is LOW.
This is accomplished by address decoding. The CS@ lines for each
port are tied together by 1ine J (zone A8). The two CS1 lines of
PIAs C and B are tied together by 1ine K, and CS1 of ACIA-D is
tied to a double inverted Al 1ine (zone C8).

Assuming the S9 switch is positioned for A7, A6, AS, and A4,
the ACIA-D address will be F006 for Control/Status and F0O07 for
Data. The CSP line pin 8 (zone D5) is tied to 1ine J and must be
HIGH for ACIA-D to be selected. For iine J to be HIGH, the correct
upper order address for Tines A15 through A2 (sheet 1 of 3) must
be selected, and lines A7 through A4 must be selected according
to the position of switch S9.
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The CS1 signal 1ine for ACIA-D pin 10 (sheet 2 of 3, zone C5)
is controlled by address 1ine Al. Al must be HIGH for ACIA-D to
be selected since the signal is double inverted to the input pin
10. Line K is tied to CS1 of both parallel ports at pins 24 and
must be HIGH at the same time CSP is HIGH. This signal was de-
rived earlier. .

Addresses A3 (zone D8) and A2 (zone C8) are the inputs for
a CSZ decoding circuit. Only one of the outputs of NAND gate J
(zone D7 and C7) should be LOW, enabling the particular port being
used. The remaining two outputs of J should be HIGH, disabling
the other ports. If the output of J pin 3 (zone D7) is LOW (ACIA-
D selected), the input pins 1 and 2 are HIGH. Address line 2 is
HIGH and this signal is presented to pin 1. Address line 3 is
inverted HIGH and goes to pin 2. These two input signals give the
desired LOW at the output of NAND gate J. If A3 is LOW, this sig-
nal goes directly to the inputs of NAND gates J pins 10 and 13,
disabling both gates. If PIA-C (location FO08) is selected, the
output of J pin 8 (zone C7) is LOW. Input pins 10 and 9 must be
HIGH for pin 8 to be LOW, This is assuming that S9 is positioned
to A7, A6, A5, and A4. A HIGH signal from A3 goes directly to pin
10. A2 is LOW and inverted to present a HIGH to the input pin 9.
The LOW signal from A2 gqoes directly to the input. pins 1 and 12
of J, disabling ACIA-D and PIA-B. If PIA-B is to be enabled (To-
cation FOOC), pin 11 (zone C7) should be LOW, and the other two
output pins 3 and 8 should be HIGH. A HIGH signal goes directly
to input pins 12 and 13 from A2 and A3, respectively, resulting
in a LOW output. The HIGH signals from A2 and A3 are inverted o
present LOWs at input pins 1 and 2, disabling ACIA-D and PIA-C.

December, 1976
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Address 1ine A@ (zone B8) is double inverted to the Register
Select (RS) input of ACIA-D pin 11 (zone D5). When A2 is HIGH
and ACIA-D is enabled, the Transmit/Receive Data Registers are
selected. When A@ is LOW, the Control/Status Registers are se-
lected. The Register Select of the PIAs operate differently from
the RS of the ACIA. Al (zone C8), which is double inverted, goes
to pins 35 of PIAs C and B. If Al is LOW, RS1 is LOW and Sections
A of the parallel ports are selected. If Al is HIGH, RS1 is HIGH
and Secitons B of the PIAs are selected.

RSP determines between Control/Status and Data-Data Directicn
Channels. Address line A is inverted and tied to RS@, pins 36
of PIAs C and B. If RSP is HIGH (AP = LOW), the Control/Status
Channel of the section determined by RS1 is selected. If RSP is
LOW (AP = HIGH), the Data-Data Direction Channels of the section
determined by RS1 is selected.

The MPU R/W signal is tied directly to the R/W line of each
port, pin 13 of ACIA-D and pins 21 of PIAs C and B. The R/W sig-
nal determines the direction of data flew. If R/W is HIGH, each
of the ports is in the Read mode. If R/W is LOW, they are in the
Write mode.

The 92 clock signal goes directly to ENABLE on each of the
sorts, pin 14 of ACIA-D and pins 25 of PIAs C and B.

The bidirectional data 1ines, D@ through D7 on each port,
are tied directly to the system data bus.
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To control the rate of data flow in and out of ACIA-D, a baud
rate generator is used. IC-A (zone D7) is a Programmable Bit Rate
Generator, implementing a 2.4576 MHz crystal. The output of A
pin 10 drives the Receive (RX) and Transmit (TX) clock inputs of
ACIA-D pins 3 and 4 (zone D5). )

The TRQ output of the ACIA, pin 7 (zone C5), and the PIAs,
pins 37 and 38, are tied directly to the IRQ input of the MPU.

The IRQ output of each port is an active LOW and is used to inter-
rupt the MPU. This signal remains LOW as long as the cause of the
interrupt is present and the appropriate interrupt ENABLE is set
within the I/0 ports.

The parallel data lines (PA® through PA7 and PB2 through PB7)
and control lines (CAl, CA2 and CB1, CB2) for PIAs C and B go di-
rectly to two 24-pin sockets, J3 and J4. Flat cable assemblies
plug into these sockets and the 25-pin plug on the other side of
the assembly is used for the I/0 device.

ACIA-D has a Recejve data (RX Data) input pin 2 (zone D5) and
a Transmit data (TX Data) output pin 6 (zone C5). It alsoc has Re-
quest To Send (RTS) output pin 5 (zone C5), Data Carrier Detect
(0CD) input pin 23 (zone C5), and Clear 10 Send (C1S) input pin
24 (zone C5). These inputs and outputs can be configured for TTY

20 miliiamp current loop, RS-232, or TTL. These configurations
are determined by the switch settings S1 and S6. Refer to Table
3-3, ACIA-D Interface Selection (page 3-10), for the desired
configuration.
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Table 3-3.

ACIA-D Interface Selection

TTY RS-232 TTL
\
SWITCH | SWITCH | SETTING |SWITCH | SWITCH |SETTING | SWITCH | SWITCH |SETTING
PACKAGE | NUMBER | A or B | PACKAGE | NUMBER | A or B | PACKAGE | NUMBER | A or B
TX DATA S2 4 B S1 3 B S2 4 A
PIN & S2 1 B8 S2 1 A
QUTPUT s1 3 A ST 3 A
S3 1 A S3 1 B S3 1 A
RX DATA
S2 3 B $1 2 B S2 3 A
PIN 2
S2 2 B S2 2 A
INPUT
S1 2 A S1 2 A
RTS S4 4 B S4 4 A S6 3 A |
PIN 5 S6 3 B S5 4 B S5 4 A -
QUTPUT S5 4 A
% S4 3 A S4 3 A S4 3 A
DCD
S6 1 A S6 1 B S6 ] A
PIN 23
S6 2 3 S5 3 3 S6 2 A
INPUT
S5 3 A S5 3 A
* S4 2 A S4 2 A S4 2 A
%S _
S3 3 A S3 3 8 S3 3 A
PIN 24 | |
€3 2 B . S5 1 B S3 2 A |
INPUT
S5 1 A S5 1 A
*NOTE: Whenever DCD input and CTS input are not used, $4-3 and S$S4-2 must
be in the B positicns for proper operation of the ACIA-D. Positioning
S4-2 and S4-3 in the B position grounds these points (pins 23 and 24)
of ACIA-D.
3-10 December, 1976
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3-5. SERJAL I/0 INTERFACE OPERATION
The following two circuit descriptions apply to all TTY inter-
face circuits.

The transmit distributor contacts inside the Teletype input
to J1 (10-pin minfature plug) pins 2 and 1 (sheet 3 of 3, zone B5).
These contacts -are normally closed and allow current flow through
R4 and R1 (zone B6). A negative voltage results at the anode of
diode D1 (zone B6), and D1 will not conduct. The input pin 11 of
E (zone B7) goes LOW via resistor R5. The output of E pin 10 is
HIGH, providing an off condition or "marking” state to the port.
When the contacts open due to data transmission, the anode of di-
ode D1 is pulled to +16 volts, and D1 conducts. The input of E
pin 11 goes to approximately +4 volts via the divider resistors,

'Rl and R4, Capacitor C1 is used for contact debounce. Thus, the
output of E pin 10 is LOW and represents a transmitted data bit
to the RX Data line pin 2 of ACIA-D (sheet 2 of 3, zone D5).

The ACIA port output line, TX Data (sheet 2 of 3, zone D5,
pin 6), is normally HIGH, causing a LOW at the base of Q2 (sheet
3 of 3, zone C6). The emitter of Q2 is pulled to aporoximately
1.2 volts through diodes D7 and D€ (zone C6). This forward biases
Q2 to cause current flow through resistor R20, Q2, and the device.
This is the "marking" state. When a data bit is transmitted, the
base of Q2 goes HIGH via resistor R15 (zone C7), turning Q2 off.
This provides a very high impedance at the device and represents
a valid data bit. The signal connections from the 10-pin minia-
ture plug (J1) to the TTY device are shown in Table 3-4.

1 2 | 3 4 5 6 7 8 9
| 2§ s &2 .| &3 2 |z
=z = = < p= at a T == ©
[<}] [=] (%] CcCm < [@ B <] Lib] x> w =
QO o o | o foe [an R [« Bnw) =
Q < o [aa] [« QO - < o
[~ o] L S Qe ~ o [~ ooQ S
= [ < < [ Ve [4s
S C o [ N ] (=) o
* —_—— —= =
D LD S S -
* The (+) side of Transmit and Request To Send is the collector of

corresponding transistors.
Table 3-4.
Signal Connections
10-Pin Plug (J1) to TTY Device
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Figure 3-A illustrates the normal interconnections between the

Universal I/0 Board and a full duplex, 20 milliamp current-loop
Teletype (KSR33 or ASR33).

> L\
. (QQQ Gé\
Transmit < LS
7 «—— 1eletype Terminal
Strip
A
interconnect
cable
. . Y
: ’ ! 5 ~4———25-pin male connector
i . A
i |
v Y

1 2 3 4 5 <4— 25-pin female connector

A
I/0 Board
Cable
Y
? Universal I/0 10-pin
1 2 3 4 5 & 7 8 S 10 female connector
. cnma— | ‘
Receive  Transmit |
Y
Ground

Figure 3-A. Normal Interconnecticns Betwesn Universal I/0 Board and TTY
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The following circuit description apply to all RS-232 input

and output circuits.

Whenever a logic one (approximately +16 volts) is received
from the RS-232 device at the input of the ACIA, RX Data (sheet
2 of 3, zone D5, pin 2), R3 limits the current.

D2 (sheet 3 of

3, zone B7) keeps the input of E_pin 11 LOW and a TTL HIGH is pre-
sent at the. output of E pin 10 (zone B7).
mately +5 volts) is received from the RS-232 device, R3 again

1imits the current and D2 is reversed biased.

11 is HIGH and the output pin 10 is LOW.
Whenever a logic one is transmitted, transistor Q1 (zone D6)

If a Togic @ (approxi-

The input of E pin

is reversed biased and a -16 volt level appears on the output line.

If a logic @ is transmitted, Q1 will conduct and approximately +5

"volts is present on the output.

connections for the 10-pin miniature plug (J1) to the RS-232 or

Table 3-5 contains the signal

TTL device.
1 2 3 5 6 7 8 10
) [}
RS-232 @ 2 o s ::
and K g = « a 2 =
Q = — o LD @ D =
Q < o p— fum] g_m 2
TTL = ﬁ S [e}] [4s)
4] oz
Q
o
Cgégi orange | red green brown{ yellow {black
Table 3-5.
Signal Connections
10-Pin Plug (J1) to RS-232 or TTL Device
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The normal interconnections for wiring compatability between the

Universal I/0 Board and an RS-232 or TTL device are indicated in

Table 3-6.

Normal Interconnections
Universal I/0 Board to RS-232 or TTL

SIGNAL DESCRIPTION WIRE DB-25 PIN
COLOR NUMBERS
Receive orange 2
Request To Send yellow 4
Clear To Send green 5
Transmit red 3
DCD brown 8
Signal Ground black 7
Table 3-6.
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4-1. INTRODUCTION

Before installing the 680b Universal I/0 Board, refer to Section V,
paragraph 5-2, and perform the visual checks. Make sure the 680-MB Ex-
pander Card is correctly installed according to the instructions enclosed
with the card. The Universal I/0 Board is connected to the expander card
by means of a 100-pin edge connector and is installed horizontally above
the 680b Main Board with two threaded standoffs. Install the 680b Uni-
versal 1/0 Board according to the following instructicns.

4-2. Installation of 100-pin Edge Connector onto Expander Card (Figure 4-A)
1. Remove the expander card from the socket on the 680b Main Board.
2. Orient the 100-pin edge connector over the twoc rows of holes at

the lowest unused position on the expander card.

3. Insert the connector pins into their respective holes. It may be
necessary to guide some of the pins with the tip of a small screw-
driver. Insure that the 100-pin connector is tight against the

board and that all 100 pins are in their respective holes.

4, Secure the connector to the board with two #4-40 x 1/2" screws
and two 4-40 nuts.

5. Solder each pin to the foil (bottom) side of the board. Insure
that solder bridges are not formed.

- T \54-40 x 1/2" Screw
P

#4 Lockwasher

-

S
a

Figure 4-A. Installation of 100-pin Edge Connector onto Expander Card
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4-3. Installation of Threaded Standoffs onto 680b Main Board (Figure 4-B)

NOTE

If this board is not being installed
in the Towest position on the expander
card, go to Paragraph 4-5.

1. Carefully remove the 68Cb Main Board from the case.

2. Referring to Figure 4-B, insert a #6-32 x 7/8" threaded standoff
with three #6 lockwashers in the mounting hole provided on each
side of the main board.

3. Secure each standoff from the foil (bottom) side of the board
with a #6 lockwasher and a #6~32 nut.

4. Properly replace the 680b Main Board in the case as shown on
pages €9-70 in the 680b Assembly Manual.

<
- #6 Lockwasher

—
|
Y

LY

-

) v

#6-32 x 3/8" Screw
7/8" Tnreaded Standoff

680 Main Board —
46-32 Nut-_—\\\\\\\\\

S

f
)

#6 Lockwasher

o
P

5

é;— #6 Lockwasher
-1

Figure 4-B. Installation of Threaded Standoffs onto 680b Main Board

4-4, Final Installation of the 680b Universal I/0 Board
Replace the expander card into its socket on the 68Cb Main Board.
2. Insert the card stab connector of the Universal I/0 Board (silk-

screen side up) into the 100-pin edge connector on the expander
card.

3. Secure the board in place by inserting a #6-32 x 3/8" screw with
a #6 lockwasher into the top of each ¢f the threaded standoffs
as shown in Figure 4-B.

4-2 December, 1978
680b U. 1/0



4-5. Installation of More Than One Board (Figure 4-C)

1. If this board is being installed in the second or third position
above the 680b Main Board, follow the same procedure for installa-
tion of the 100-pin edge connector onto the expander card (Para-
graph 4-2).

2. After installation of the 100-pin connector, reinstall the expan-
der card and the Tower board(s) into the 680b Main Board.

3. Replace both #6-32 x 7/8" screws and #6 lockwashers that previous-
1y secured the lower board with a #6-32 x 7/8" threaded standoff
and a #6 lockwasher.

4. Insert the card stab connector of the Universal I/0 Board (silk-
screen side up) into the 100-pin edge connector.

5. Secure the Universal I/0 Board in place with a #6-32 x 3/8" screw
and a #6 lockwasher into the top of each of the threaded standoffs.

T ,
/— -E- #6 Lockwasher
#6-32 x 3/8" Screw s i

2nd Board
7/8" Threaded Standoff/
#6 Lockwasher
1st Board S 4

7/8" Threaded Standoff

/

!
I

Figure 4-C. Installation of More Than One Board
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4-6.

4-4

Cable Assemb]vansta11ation

A 12-conductor round cable assembly is used for the ACIA serial port.
Flat cable assemblies are supplied for the PIA parallel ports. Install
each cable according to the following procedure.

Remove the metal plate with the two #4-40 x 3/8" screws from the
680b back panel slot.

Insert the cable(s) through the slot and plug into the appropriate
board socket. Up to three flat cables and one round cable will
fit through the slot. Refer to Figure 4-D, Cable Assembly Inser-
tion.

1.

a.

For proper orientation, insure that pin 1 of the cable connec-
tor i{s placed over the pin 1 position of the board socket.
Refer to Figure 5-A, Silkscreen Diagram (page 5-2), for pin
positions of sockets J1, J3, and Jé4.

The round cable assembly plugs into the 10-pin socket,lJl.

The flat cable assembly plugs into the 24-pin socket, J3 or
J4. The 25-pin plug on the other side of the assembly is

used for the I/0 device.

25-pin Plug
for 1/0 Device

Flat Cable
Assembly

Inside
Back Panel

Metal Plate

Round Cable
Assembly

Figure 4-D. Cable Assembly Insertion

December,
680b U. 1/0
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3. With the cable sockets properly inserted, fold the excess flat
cable once against the back panel slot. Secure the cable(s)
with the metal plate supplied with the 680b back panel and the
two #4-40 x 5/8" screws supplied with the Universal I/0 Board
as shown in Figure 4-E.

Figure 4-E. Final Cable Assembly Installation

4-7. "Burn-In" Procedure

When assembly and installation of the board have been completed,
we recommend that a "burn-in" procedure (at Tleast 48 hours long) be
performed. Possible malfunctions due to improper assembly or component
failure may occur at this time.

1. Turn the unit on and place the cover on the computer.
2. Leave the computer on for a period of 48 to 100 hours. If

problems are encountered, refer to Section V (Troubleshooting)
of the manual. V

December, 1976 4-5/(4-6 blank)
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5-1. INTRODUCTION

Section V is designed to aid in the location of malfunctions that
could be encountered after the Altair 680b Universal I/0 Board is in-
stalled in the 680b computer. Before installation of the board, it
should be visually inspected according to the visual inspection check
list. A power supply check, preliminary check, and general procedures
for troubleshooting TTL logic are included to insure that the board is
functioning properly. Since the board is mainly software controlled,
programs for troubleshooting the ACIA, PIAs and sense switches are pre-
sented to assist in the location of possible failures.

WARNING

Always disconnect power when removing
the board, cutting or resoldering PC
lands, and removing or installing ICs.

5-2. VISUAL INSPECTICN CHECK LIST

Before the 680b Universal I/0 Board is installed, it is important
to check the component assembly, etching of lands, and switch settings.
Although the board should be assembled correctly, an extensive inspection.
may eliminate possible malfunctions. |

1. General

Carefully examine the board for the following:
a. leads that have not been soldered
b. solder bridges
c. cold solder connections
d. errors such as hairline opens in lands
2. Component Check
Using the silkscreen diagram (Figure 5-A, page 5-2) as a guide,
check the following:
proper polarity of capacitors
proper polarity of diodes
correct color codes on all resistors
proper pin placement and good solder connections

o Qa0 U

proper placement of all components

December, 1976
680b U. 1/0
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Address Switch Settings

Check to see that all the switch settings are set according to

needs.

a. Refer to Table 3-2, S9 Addre§5u§eJ35FEQD (page 3-3), to insure
that the board is strapped to the proper locations for the
ACIA and the PIAs.

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

¢. If the ACIA serial interface is used, insure that the proper
interface is selected on S1 through S6. Refer to Table 3-3,
ACIA-D Interface Selection (page 3-10).

5-3. POWER SUPPLY CHECK

After installation of the Universal I/0 Board, a power supply check
is necessary to insure that the proper voltage levels are being supplied

to the various ICs. Follow the instructions in Table 5-1 (page 5-9),

Power Supply Check.

5-4, PRELIMINARY CHECK

Upon completion of the power supply check, leave the machine on and
place it in the Halt mode to check the address and data lines for shorts
and opens.

1.

The 16 address switches on the 680b front panel should be in the
down position initially. Place all the switches in the up posi-
tion and observe that all the address LEDs are on. Return all
the switches to the down position and observe that all the LEDs
go off.

Next, place each switch in the up position individually. Observe
that the corresponding LED is on. After all the switches are up,
return them individually to the down position and each LED should
go off.

Another way of checking each address line is by toggling each
address switch individually and checking the signal toggle while
tracing it through the logic.

December, 1976
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5-5.

4. The data lines, D@ through D7, are checked in the same manner.
The data switches should be in the down position initially.
Position all the data switches up and place the DEPOSIT switch
up momentarily. Notice when the DEPOSIT switch is positioned,
all data LEDs should be on. Return all the switches to the
down position and observe that all LEDs are off.

5. Place each switch up individually while positioning the DEPQSIT
switch up each time. Observe that the corresponding LED is on
once the DEPOSIT switch is on. Return each switch to the down
position and observe that the LED is off.

6. If one LED or several at the same time fajl during the address
or data line check, there are problems on the Universal 1/0
Board. Disconnect the power and remove the board. Perform a
resistance check on the bus pins corresponding to the address or
data lines showing the incorrect indications. If the resistance
reading indicates there is a short or open in the circuit, trace
the land from the bus until the problem is isolated.

GENERAL PROCEDURES FOR TROUBLESHOOTING TTL LOGIC
1. High level = Tegic 1 = 2 to 5 volts
Low Tevel = logic 0 = .8 to -.5 volts

Always work backward through the logic from the trouble area.
Always disconnect power when removing or installing ICs and
when cutting or resoldering PC lands.

4. When a gate element appears bad (an output is opposite what it

should be with a given input) check the following:

a. Insure the IC package has corract voitage suppiies and
grounds.

b. Recheck the output with the pin open (tend the pin up and
reinsert the IC in fts socket - if not socketed, cut the
land that connects the pin to the extarnal circuitry. If
the output remains incorrect, replace the IC with a new part.
If the output is now correct, look for shorts in nearby PC
lands (visually and with an ohmmeter). If none are found,

December, 1976
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the probable cause is a defective input at one of the elements
that the output feeds. Isolate each input in turn by dis-
connecting it from the external circuitry.

¢. If an input is between .8 volts and 2 volts, check continui-
ty back to the driving output.

5-6. ACIA TROUBLESHOCTING
1. Since the 680b Universal I/0 Board is mainly software controlled,
possible failures may be due to software bugs. Program 5-I is
for ACIA serial port echo.

a. Be sure the board is strapped at the lowest position.

b. Program 5-I may be changed for the particular terminal being
used (refer to terminal manual). The program also works with
TTY.

¢. Using the 680b monitor M and N commands, enter all underlined
characters in Program 5-I.

Program 5-I. ACIA Serial Port Echo

Moopoe8 86 N pp9B FR N g916 57
N pgo1 03 NppaC 26 NP7 57
N ppg2  B7 N ppoD 47 N pgis 24
NoOopee3 Fp NOO9pPE 24 NOoPo19 F9
N 8¢94 g6 N pogF  FA NOopelA BT
N gees 86 N pplp B6 NP8 F2
N ggge  BI* NOogenl FB N goic g7
N 997  B7 NOopp12 g7 N pp1D 29
N ppe8  F@ NOp13 FS N PP1E EB
N ppg9 g6 N 2914 FB d pope

N gppA  BS N85 26

*NOTE: B1 sets up 8 data bits, 2 stop bits, Receive-Transmit
interrupts enabled, and < 16 mode.

December, 1976
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d. If Program 5-I is not working, make sure the instructions
were entered correctly. Also, inspect the switch settings.
If the instructions and settings are correct,and the program
is still not working, Halt the machine and check the address
decoding logic.
2. To check the address decoding logic, tie VMA (IC-U, pin 3) to
+5 volts with a clip and follow the instructions in Table 5-2
(page 5-10). .
3. If a problem still exists after following Table 5-2, remove the
YMA jumper and run the program while checking the RX and TX data
1ine interfaces and associated interface components on the ACIA.
a. With Program 5-1 still entered, check the RX Data line
(ACIA-D, pin 2). Observe that information is being received
from the I/0 device while entering characters on the devics
keyboard. If information is not coming frem the I/0 device,
check through the RX Data interface circuitry to the back
panel connector. Replace defective parts if necessary.

b. Check the TX Data line (ACIA-D, pin 6) and associated inter-
face components back to the I/0 device.

5-7. PIA TROUBLESHOOTING
T. An echo program is also utilized to check the PIAs. Program 5-11
is for PIA parallel port echo.
a. Before Program 5-II is entered, the data and control Tines
must be shorted by making the following connections with a
DB-25 pin male plug.

pin 2 - 13
pin 3 - 12
pin 4 - 20
pin 5 - 21
pin 10 - 18
pin 11 - 19
pin 14 - 22
pin 15 - 23
pin 16 - 24
pin 17 - 25

December, 1978
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b.

c.
M 2000
N peo
N 99p2
N 9903
N pepd
N 9ags
N p@p6
N 9007
N pog8
N 9929
N P99A
N 9098
N 299C

d.

e.
Cecember,

§80b U. 1/0

With these connections made, th PA data lines are shorted to
the PB data Tines. CA1 is tied to CB2 and CA2 is tied to CBI.
The connections allow the parallel port echo program (Program
5-II) to be run by outputting data on the PB data lines and
inputting data on the PA data lines.
Using the 680b monitor M and N commands, enter all underlined
characters in Program 5-II.
Program 5-1I. PIA Parallel Port Echo
4F N Pp0D 0B or OF N 991A FO
B7 N 9PPE 86 N p918 08 or OF
Fo N pgoF 04 N2 F1
08 or OC N p21p 87 N 291D FO
B7 N P11 FO ._N_ 9ME 9_9_ or 0D
Y] N 2212 08 or OC No#P1F 27
09 or 0D N P13 BT L -]
87 N P24 FO A IE
FO N @915  OA or OF N pg22 FE
0A or OF N ppls 3D N 23 A
43 N g7 FF -J 6p0d
87 N peis 00
it} NP9 F7
The program should echo any character entered through the
680b Main Board ACIA. If there is an error whenever a charac-
ter is entered, the program will jump back to the system
monitor and print out a dot.
Halt the machine and follow the instructions in Table 5-3 (page 5-12).
The table assumes the board is strapped at the lowest locaticn.
The VMA must be jumpered HIGH at pin 3 of IC-U.

5-7
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5-8. SENSE SWITCHES

The sense switches (S7 and S8) are used to set a certain bit pattern
and may be used several times during a program. Program 5-III is used to
check the sense switches.

1. First, set a bit pattern on the sense switches.

2. Enter all underlined characters in Program 5-III. The program
uses all ones to start.

Program 5-1I11. Sense Switch Check

M gopp 86

Noo99p1 EO

N 9992 03

N 993 B7

N gep4 00 *or any location
N pegs 0%

N 9996 7E

N pee7  FF

N ¢Pg8  AB

VR 1))

Mo 2918 X(x* **should equal pattern

set on sense switches

3. When the program has run, the computer will return to the systam
monitor and print out a dot.

4. Examine locaticn 0010 and observe the bit pattern. If the bit

pattern does not match the patiern on the sense switches, refer
to Table 5-4 (page 5-14).

N
1
(0]

December, 1876
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