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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 1/0 Board.

2. An explanation of parallel (PIA) and serial (ACIA) port selection,
including the port structure and operatfon, is presented in
Section II.

3. Section III includes a detailed theory explanation of the 680b
Universal I/0 circuit operation.

4. Section IV contains instructions for installing the Universal I/0
Board into the ATtair 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 parallel 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 direction (each
data 1ine 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 combination of custom
applications. A Universal I/0 with two PIA parallel ports has 32 data
lines (each group of eight is individually selectable) and all data lines
are fully TTL compatable. When utilized as outputs, eight of the 16
data Tines are capable of directly driving the base of a transistor
switch (1.5v at Tma). The Universal I/0 is also provided with a parallel
8-bit non-latched output at TTL levels.
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2-1. GENERAL

Section II contains a detatled descriptton of the MITS Altair 680b
Universal I/0 Board parallel (PIA) and serfal (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 1/0 card requires 16 address 1ines. Hardware sets the upper
address 1lines, A15 through A8, to FO for all I/0 ports. These addresses
are FOXX (XX = user selectable). Address 1ines A7 through A4 and their
complements, A7 through A%, 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 parallel
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 1ines Ap and
Al enable the selection of the port sectfon and the channel. If the two
parallel ports are addressed at F008 and FOOC, 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
Fo08 A CONTROL/STATUS
FOO09 C ‘ DATA - DOR
FOOA B CONTROL/STATUS
FO0B DATA - DDR
FooC A CONTROL/STATUS
FOOD DATA - DDR
FOOE B CONTROL/STATUS
FOOF B DATA - DOR
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C

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, IRQ, are

then affected by the activity of C1 as shown in Table 2-3.

Bit 7 and

TRQ are reset (bit 7 goes LOW, TRQ 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 TRQ 1s dependant on how bit P is set in the Control
Register. For example, if bit @ = 1 and C1 is active, the TRQ output will
be LOW, interrupting the system.

Table 2-3. Control of Interrupt Inputs, C1 (CAT and CB1)

STATUS BIT 7

TRQ
OUTPUT

CONTROL BITS C1
1 ¢ INPUT
0 0 Active LOW-
0 1 Active LOW
1 0 Active HIGH
1 1 Active HIGH

Sef HIGH when C1 is active
Set HIGH when C1 1s active

Set HIGH when C1 is active
Set HIGH when €1 is active

Disabled -- remains HIGH
Goes LOW when Bit 7 is HIGH

Disabled -- remains HIGH
Goes LOW when Bit 7 is HIGH

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),
1ts mode of operation is determined by contrel bits 5, 4, and 3 as

shown in Table 2-4.

tions as an input.

Sections A and B operate identically when C2 func-

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

CONTROL BITS c2 STATUS BIT 6 TRQ

5 4 3 INPUT OUTPUT
Active LOW Set HIGH when C2 is active | Disabled -- remains HIGH
Active LOW Set HIGH when C2 is active | Goes LOW when Bit 6 is HIGH

Active HIGH

O O o o
—_—_ 0 — O

Active HIGH

Set HIGH when C2 is active
Set HIGH when C2 is active

Disabled -- remains HIGH

Goes LOW when Bit 6 is HIGH |

December, 1976
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Data channel address permits access to efther 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 {s a logic @, the DDR 1s accessed. If bit 2 is logic 1, the

Data Register is accessed. Writing a logic @ into any bit of the DOR

will cause the corresponding data 1ine to act as an output. Thus, there
can be any combination of inputs ar outputs on the data lines (PAP through
PA7 and PB@ through PB7).

2-3. PIA Initialization

Program 2-I 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 Towest location, FO08 through FOOB.

If a second parallel port is used, the Towest address location would be
FOOC through FOOF.

The addresses function as follows: F008 = section A Control/Status
Register; FO09 = section A Data-Direction (when accessed) and Data Chan-
nel Register; FOOA = section B Control/Status Register; FOOB = section B
Data-Direction (when accessed) and Data Channel Register. i

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

INPUT

1. If the I/0 device has valid data, a strobe signal from the I/0
device pulls the input CAl 1ine 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 after 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 instructad to period-
ically check the section 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.

December, 1976 2-5
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C

2-4. SERIAL PORT (ACIA) SELECTION

The 680b Universal I/0 Board utilizes a 6850 Asynchronous Communi-
cations Interface Adapter (ACIA). The ACIA allows sertfal data to be
taken in on its receive 1ine 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 line in serial form.

The ACIA has three chip select inputs, CSP, CS1, and T32, which are
used in the selection of the ACIA. It also has a Register Select (RS)
input, controlled by address 1ine AP, that can select between the differ-
ent internal registers. The ENABLE signal s used for internal interrupt
control and the timing of Control/Status changes. Since all data transfers
take place during 82 of the system clock, 1t 1s 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, P and 1, control the internal clock divide
circuit and the Master Reset as shown in Table 2-8.

BIT 1 BIT 2 FUNCTION
0 0 + 1
0 1 + 16
1 0 + 64
1 1 Master
Reset

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

December, 1976 2-7
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C

In order to choose any one of 5 additional baud rates, select the
baud rate from Table 2-10 and set $10, using the : 64 mode (data bits
1 and @ are equal to 1 and 2, respectively). Note that the selected baud
rate is four times larger than the desired baud rate.
structure of the ACIA, 1t 1s 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 2400
Table 2-10. Additional Baud Rate Selection

Due to the internal

The next three bits of the Control Register determine word Tength,

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

0 0 0 7 2 Even

0 0 1 7 2 0dd

0 1 ] 7 1 Even

0 1 1 7 1 0dd

1 0 0 8 2 None

1 0 1 8 1 None

T 1 0 8 1 Even

1 1 1 8 1 0dd

Tib]e 2411. 'Transmission Control Bits

December, 1976
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2-6. ACIA Status Register*

Information on the status of the ACIA {s 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 ‘{ndicates that. the contents of the
Receive Data Register are not current. Data Carrier Detect being HIGH
also causes RORF to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1 - The TDRE bit being set
HIGH indicates that the Transmit Data Register contents 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 DCD 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 1s 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
DCD input.

Clear To Send (CTS). Bit 3 ~ The CTTS bit indicates the state of the
CTS input from a modem. A LOW TTS indicates that there 1s a Clear 10
Send from the modem. In the HIGH state, the Transmit Data Register Emp-
ty bit is inhibited and the TTear 1o Send status bit will be HIGH. Mas-
ter Reset does not affect the Clear To Send status bit.

December, 1976 2-11
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With these connections made, th PA data 1ines 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
5-1I) to be run by outputting data on the PB data lines and
inputting data on the PA data Tines.

Using the 680b monitor M and N commands, enter all underline
characters in Program 5-I1. '

Program 5-II. PIA Parallel Port Echo

4F N 990D 0B or OF NgmA FO
LA N pogE 86 . pPIB 0B or OF
i) N pooF 04 NOoppic F1

08 or OC N ppip BT N PD FO

87 N pe11 FO N PPIE 09 or 0D
i) N #9712 08 or OC NOPOIF 27

09 or 0D N P13 BT N pe2p  FS

87 N 14 FO N1 7E

i} N 9915  0A or OE N pp22  FF .

OA or OF N 9916 BD N pe23 AB

<] NP7 FE . popp

87 N P18 00

Fo NOog19 F7

The program should echo any character entered through the

680b Main Board ACIA. If there 1s 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 location.

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

5-7




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 atd in determining signal di-
rection and tracing. A solid arrow () on the signal l1ine indicates
direction. '

The Togic circuits used in the Universal I/0 schematics are pre-
sented in Table 3-1. The table provides the functional name, symbolic
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
circuits is graphically displayed by small circles. 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. A small circle at the out-
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

The NAND gate performs one of the

A 'y
common logic functions. A1l of the
NAND gate 5_ - >: : inputs have to be enabled (HIGH) to
YA N produce the desired (LOW) output.
é——__jg:::::>}_* The N0R1ga§e gerfo;ms onerf the
B common logic functions. Any of the
NOR gate N {nputs needs to be enabled (HIGH)
Y=A+B.. .. N to produce the desired (LOW) output.

The inverter is an amplifier whose
output is the opposite state of the
input.

>|

Inverter

>
A [ The non-inverting bus driver is an
amplifier whose output is the same
Non-Inverting state as the input. Data is enabled
Bus Driver E through the device by applying a (LOW)
signal to the E input.

December, 1976 3-1
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the probable cause 1s 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. .

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

5-6. ACIA TROUBLESHOOTING

1.

I=

.
=

.
=

=

1=

1=

.
=

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 {s strapped at the lowest position.

b. Program 5-1 may be changed for the particular terminal being
used (refer to terminal manual). The program also works with
TTY.

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

Program 5-I. ACIA Serial Port Echo

o000 86 N pops Fp N pp16 57
gop1 03 N gpgc  ge N7 57
ggp2 87 N gogD 47 N pos 28
093 Fp N opogE 26 N g9 F9
Coges g N gEOF FA N oplA 87
9005 86 N g0p 86 N g8 Fp
o996  BI* NOopol D Nogoc p7
p007 87 N2 g7 N e 2
) N 9913 Fe N BE EB
pogs g6 N oo R J gogp
POPA  B6 NP5 g6

*NOTE: BT sets up 8 data bits, 2 stop bits, Receive-Transmit

December, 1976
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interrupts enabled, and + 16 mode.
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Table 3-2. 59 Address Selection

~ $9 Posttions
PIA - B PIA - C ACIA - D A7 A6 A5 A4
FOOC - FOOF FO08 - F0OB F006 - FOO7 A7 | A6 | A% | A
FOIC - FOIF FO18 - FO1B FO16 - FO17 A7 | A6 | A5 | A4
Fo2C - FO2F F028 - FO28B F026 - FO27 A7 | A6 A5 |AF
FO3C - FO3F FO38 - FO3B FO36 - F037 A7 | A6 | A5 | A4
FO4C - FO4F F048 - F04B FO46 - F047 A7 | A6 |A5 | AT
FO5C - FOSF FOS8 - FOS5B FO56 - F057 A7 | A6 |AE | A4
FO6C - FO6F FO68 - FO6B FO66 - FO67 A7 | A6 (A5 | AT
FO7C - FO7F FO78 - FO78B FO76 - FO77 A7 | A6 | A5 | A4
FO8C - FOSF F088 - F08B FO86 - F087 A7 |R6 |A5 | A%
FO9C - FO9F F098 - F09B FO96 - F097 A7 |R& |A5 | A4
\_FOAC - FOAF FOAS - FOAB FOA6 - FOA7 A7 |RE (A5 |AZ
FOBC - FOBF FOB8 - FOBB FOB6 - FOB7 A7 |76 A5 | A4
FOCC - FOCF FOC8 - FOCB FOC6 - FOC7 A7 |A6 |A5 |A%
FODC - FODF FOD8 - FODB FOD6 - FOD7 A7 |A6 |A5 | A4
FOEC - FOEF FOE8 - FOEB FOE6 - FOE7 A7 |A6 |A5 | AT
FOFC - FOFF FOF8 - FOFB FOF6 - FOF7 A7 | A6 |A5 |A4
C

December, 1976
§80b U. 1/0
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3. Address Switch Settings

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

needs. '

a. Refer to Table 3-2, S9 Address Selection (page 3-3), to insure
that the board {s strapped to the proper locations for the
ACIA and the PIAs.

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

c. If the ACIA serial interface 1s used, insure that the proper
interface {s 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. B

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.

2. Next, place each switch in the up position individually. Observe
that the corresponding LED 1s on. After all the switches are up,
return them individually to the down position and each LED should
go off.

3. 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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When FO for the upper address lines is selected, a LOW signal
1s 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 BS). 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
B5), enabling the gate for double inverted R/W and @ clock signals.
A LOW going pulse, 1 microsecond wide with a 20 microsecond period,
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 1s a 24-pin socket. A flat cable assembly plugs into this
socket. The 25-pin plug on the other side of the assembly is used
for the interface. The READ STROBE signal enables pins 1 (zone B5
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) 1s inverted HIGH to F pin 1, enabling the
output of F pin 3 (zone C3) LOW. There is a delay on this 1ine
and it s 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, {s active HIGH.

December, 1976
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§-1. INTRODUCTION

Section V is designed to atd 1n 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
1ist. A power supply check, preliminary check, and general procedures
for troubleshooting TTL logic are fncluded 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 INSPECTION CHECK LIST
Before the 680b Universal I/0 Board is installed, it 1s fmportant
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 éxamine 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:
a. proper polarity of capacitors
proper polarity of diodes
correct color codes on all resistors
proper pin placement and good solder connections
proper placement of all components

T a o o
¢ e e

C
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The CS1 signal 1ine for ACIA-D pin 10 (sheet 2 of 3, zone C5)
1s controlled by address Tine 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,C§§'decod1ng 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 F008) is selected, the
output of J pin 8 (zone C7) 1s 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 goes directly to the input:pins 1 and 12
of J, disabling ACIA-D and PIA-B. If PIA-B 1s to be enabled (lo-
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 to
present LOWs at input pins 1 and 2, disabling ACIA-D and PIA-C.

December, 1976 3-7
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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 MMz 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 TRQ tnput of the MPU.

The TRQ output of each port is an active LOW and 1s 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 Tines (PAP through PA7 and PB@ through PB7)
and control lines (CA1, 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 Receive data (RX Data).input pin 2 (zone D5) and
a Transmit data (TX Data) output pin 6 (zone C5). It also has Re-
quest To Send (RTS) output pin 5 (zone C5), Data Carrier Detect
(DCD) 1input pin 23 (zone C5), and CTear 1o Send (CTS) input pin
24 (zone C5). These inputs and outputs can be configured for TTY
20 milliamp 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.

December, 1976
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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.

Fjgure 4-E. Final Cable Assembly Installation

December, 1976 4-5/(4-6 blank)
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3-5. SERIAL 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 BS).
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,

R1 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 Tine 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), 1s normally HIGH, causing a LOW at the base of Q2 (sheet
3 of 3, zone C6). The emitter of Q2.1is pulled to approximately
1.2 volts through dicdes D7 and D8 (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 (J7) to the TTY device are shown in Table 3-4.

1 2 3 4 5 6 7 8 9 10
el T | o~ o~ - .
TTY o % e &> ey = S
z S TICE] £ 95| ®T =% |«
28 2 eS| fles| B2 |%s |3
L < [=] @ o Q S < [=]
x o S S Q. 1 Y- [~ (=T S
= Ll < -} [T N7} (1
S~ L O O [~} o
* —= — =
(X = - x
* The (+) side of Transmit and Request To Send is the collector of
corresponding transistors.
Table 3-4.
Signal Connections
10-P1n Plug (J1) to TTY Device
December, 1976 3-N
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4-5. Installation of More Than One Board (Figure 4-C)

1.

If this board s 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).

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

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

Insert the card stab connector of the Universal 1/0 Board (silk-
screen side up) into the 100-pin edge connector.

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.

—_/_ ?#ﬁ Lockwasher
#6-32 x 3/8" Screw J,
- [0 r 4

2nd Board

7/8" Threaded Standoff

#6 Lockwasher

1st Board s "' r{

7/8" Threaded Standoﬁ"_X

Figure 4-C. Installation of More Than One Board

December, 1976
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The following circuit description apply to all RS-232 input
and output circuits.

Whenever a Togic one (approximately +16 volts) 1s 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). If a logic § (approxi-
mately +5 volts) is received from the RS-232 device, R3 again
limits the current and D2 {s reversed biased. The input of E pin
11 is HIGH and the output pin 10 is LOW. .

Whenever a logic one is transmitted, transistor Q1 (zone D6)
is reversed biased and a -16 volt Jevel appears on the output line.
If a Jogic @ 1s transmitted, Q1 will conduct and approximately +5
volts is present on the output. Table 3-5 contains the signal

connections for the 10-pin minfature plug (J1) to the RS-232 or
TTL device.

1 2 3 4 5 6 7 8 9 10
o
RS-232 e | 2 < | 3 J
and K a s ° E§ 83 S
1] [ -] - g_tn E
S
Cg;gs orange | red green brown| yellow [black
Table 3-5.

Signal Connections .
10-Pin Plug (J1) to RS-232 or TTL Device

December, 1976 3-13
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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 I/0 Board according to the following instructions.

4-2, Installation of 100-pin Edge Connector onto EXpander Card (Figure 4-A)
Remove the expander card from the socket on the 680b Main Board.

2. Orient the 100-pin edge connector over the two rows of holes at
the Towest 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.

\—#4-40 x 1/2" Screw

@————100-pin Edge Connector

#8 Lock

Figure 4-A. Installation of 100-pin Edge Connector onto Expander Card

December, 1976 4-1
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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 1s 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 s installed horizontally above
the 680b Main Board with two threaded standoffs. Install the 680b Uni-
versal I/0 Board according to the following instructions.

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 two rows of holes at

the Towest 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 1s 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.

\#4-40 x 1/2" Screw

- 100-pin Edge Connector

#4 Lock

Figure 4-A. Installation of 100-pin Edge Connector onto Expander Card

December, 1976 4-1
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The following circuit description apply to all RS-232 input
and output circuits.

Whenever a Togic one (approximately +16 volts) 1s 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).. If a Togic # (approxi-
mately +5 volts) 1s received from the RS-232 device, R3 again
Timits the current and D2 {s reversed biased. The input of E pin
11 is HIGH and the output pin 10 is LOW.

Whenever a logic one 1s transmitted, transistor Q1 (zone D6)

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

If a logic # 1s transmitted, Q1 will conduct and approximately +5
volts is present on the output. Table 3-5 contains the signal

connections for the 10-pin mintature plug (J1) to the RS-232 or
TTL device. )

1 2 3 4 5 6 7 8 9 10

=) o
RS-232 21z | & e | =
and S| 8 = | e B | 83|
[~ S o S

o
Wire Tow |black
Color orange | red green brown| yellow|blac
Table 3-5.

Signal Connections
10-Pin Plug (J1) to RS-232 or TTL Device

December, 1976
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4-5. Installation of More Than One Board (Figure 4-C)

1.

If this board is being tnstalled 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),

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

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

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

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.

#6-32 x 3/8" Screw

? #6 Lockwasher
Pl n\l,' 4
2nd Board—/

7/8" Threaded Standoff

#6 Lockwasher

4

1st Board s o o {

7/8" Threaded Stamdm’fK

Figure 4-C. Installation of More Than One Board

December, 1976
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3-5. SERIAL 1/0 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 DI conducts. The input of E

'p1n 11 goes to approximately +4 volts via the divider resistors,
R1 and R4. Capacitor C1 is used for contact debounce. Thus, the
output of E pin 10 1s LOW and represents a transmitted data bit
to the RX Data 1ine pin 2 of ACIA-D (sheet 2 of 3, zone .DS).

The ACIA port output 1ine, TX Data (sheet 2 of 3, zone DS,
pin 6), is normally HIGH, causing a LOW at the base of Q2 (sheet
3 of 3, zone C6). The emitter of Q2.1s pulled to approximately
1.2 volts through diodes D7 and D8 (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 10
z T | == e -
TTY o T = ey g2 = S~
o ,_"_’, = "’Z é:‘ ""Z o & -H:r h-]
4 o 0 o™ <~ Qo © QO 7] o
O a. 4 —— — e p— (=T LT =
& o I o & @ £ & 2 55 g
2= | e < -1 U v (4]
S v O [~} [~} [~
* ~= —Z =
(3 R D~ N *
* 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
December, 1976 3-1
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3. With the cable sockets properly tnserted, 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.

Fjgure 4-E. Final Cable Assembly Installation

December, 1976 4-5/(4-6 blank)
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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) 1s 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 fnput of the MPU.

The TRQ output of each port {s 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 (PAP through PA7 and PB@ through PB7)
and control lines (CA1, 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 Receive data (RX Data).input pin 2 (zone D5) and
a Transmit data (TX Data) output pin 6 (zone C5). It also has Re-
quest To Send (RTS) output pin 5 (zone C5), Data.Carrier Detect
(DCD) 1input pin 23 (zone C5), and TTear To Send (CTS) fnput pin
24 (zone C5). These inputs and outputs can be configured for TTY
20 milliamp current loop, RS-232, or TTL. These configurations
are determined by the switch settings $1 and S6. Refer to Table
3-3, ACIA-D Interface Selection (page 3-10), for the desired
configuration.

December, 1976
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The CS1 signal 1ine for ACIA-D pin 10 (sheet 2 of 3, zone C5)
1s controlled by address Tine Al. Al must be HIGH for ACIA-D to
be selected since the signal 1s double inverted to the input pin
10. Line K is tied to CST1 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 dJ
(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 Tine 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 (Tocation F008) is selected, the
output of J pin 8 (zone C7) 1s LON. Input pins 10 and 9 must be
HIGH for pin 8 to be LOW, This is assuming that S9 1s positioned
to A7, A6, A5, and A4. A HIGH signal from A3 goes directly to pin.
10. A2 1s LOW and inverted to present a HIGH to the input pin 9.
The LOW signal from A2 goes directly to the input:pins 1 and 12
of J, disabling ACIA-D and PIA-B. If PIA-B is to be enabled (lo-
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 to
present LOWs at input pins 1 and 2, disabling ACIA-D and PIA-C.

December, 1976
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5-1. INTRODUCTION

Section V is desfgned 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 tnspection check
1ist. A power supply check, preliminary check, and general procedures
for troubleshooting TTL logic are included to tnsure that the board is
functioning properly. Since the board 1s mafnly 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 INSPECTION CHECK LIST
Before the 680b Universal I/0 Board is Installed, it {s 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 éxamine the board for the following:
a. leads that have not been soldered
b. solder bridges
¢. 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:
a. proper polarity of capacitor§

b. proper polarity of diodes
€. correct color codes on all resistors
d. proper pin placement and good solder connections
e. proper placement of all components
December, 1976 5-1
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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 conditfon to exist. VMA is tied to pin 1 of Al. With
VMA valid and the other input pins of A1 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
B5), enabling the gate for double inverted R/W and @ clock signals.
A LOW going pulse, 1 microsecond wide with a 20 microsacond period,
occurs at the output pin 8 when data or status is betng 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 the other side of the assembly is used
for the interface. The READ STROBE signal enables pins 1 (zone B5
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 1s 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 1s 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 1s tied directly to
#2 of the system clock, 1s active HIGH.

December, 1976 3-5
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3. Address Switch Settings
Check to see that all the switch settings are set according to
needs. '
C a. Refer to Table 3-2, S9 Address Selection (page 3-3), to insure

that the board {is strapped to the proper locations for the
ACIA and the PIAs.
Make sure that your program uses the correct addresses.
If the ACIA serial interface s used, fnsure that the proper
interface is selected on S1 through $6. 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.

2. Next, place each switch in the up position individually. Observe
that the corresponding LED 1s on. After all the switches are up,
return them individually to the down position and each LED should
go off.

3. 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.

C
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Table 3-2. S9 Address Selection

- S9 Positions
PIA - B PIA - C ACIA - D A7 A6 A5 A4
FOOC - FOOF FO08 - FOOB FO06 - FOO7 A7 A5 | A%
FOIC - FOIF FO18 - FO1B FO16 - FO17 A7 | K6 A5 | A4
FO2C - FO2F F028 - FO2B F026 - FO27 A7 | %6 |[As | AF
FO3C - FO3F F038 - FO3B FO36 - F037 AT | %6 A5 | A4
FO4C - FO4F F048 - F04B FO46 - F047 A7 | A6 |5 | A%
FOSC - FOSF FOS8 - FOS5B FO56 - F057 A7 | A6 |A5 | A4
FO6C - FO6F FO68 - FO6B FO66 - FO67 A7 | A6 |As |AF
FO7C - FO7F FO78 - FO78B FO76 - FO77 A7 | A6 | A5 | A4
FOSC - FOSF F088 - F08B FO86 - F087 A7 |%6 |5 | AT
FO9C - FOOF F098 - F098B FO96 - F097 A7 | A& |A5 | A4
_FOAC - FOAF FOA8 - FOAB FOA6 - FOA7 A7 | A6 |A5 |AF
FOBC - FOBF FOBS - FOBB FOB6 - FOB7 A7 |6 |5 | A4
FOCC - FOCF FOC8 - FOCB FOC6 - FOC7 A7 |A6 |A5 |AF
FODC - FODF FOD8 - FODB FOD6 - FOD7 A7 |A6 |A5 | A4
FOEC - FOEF FOE8 - FOEB FOE6 - FOE7 A7 |A6 |A5 |AT
FOFC - FOFF FOF8 - FOFB FOF6 - FOF7 A7 |A6 |A5 | A4
C
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the probable cause 1s a defective input at one of the elements
that the output feeds. Isolate each fnput in turn by dis-
connecting 1t from the external circuitry. .

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

5-6. ACIA TROUBLESHOOTING
1. Since the 680b Universal I/0 Board 1s mainly software controlled,
possible failures may be due to software bugs. Program 5-1 is
for ACIA serial port echo.
a. Be sure the board {s 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.
c. Using the 680b monitor M and N commands, enter all underlined
characters in Program 5-I.

Program 5-I. ACIA Serial Port Echo

Mo 9000 86 N pogB  Fp Noppl6 57
C N g0 03 N gpac g6 N o7 57
N goge 87 N gogD 47 N ogpls 2
N gog3 Fp NgpgE 24 N9 R
N 0gos g N pEgF A N gA g7
N ppos 86 N 9919 B6 Nooogm8 PR
N geg6 81+ Nl Fp N oopic g7
N p007  B7 NOopp12 g7 NP0 2
N opgps F N 813 F6 N PPIE EB
N 9Pp9 g6 NOoppl4 Fp 4 0009
N gPeA  B6 .Nopp15 g6

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

C
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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 Tine indicates
direction. i

The lagic circuits used in the Universal 1/0 schematics are pre-
sented in Table 3-1. The table provides the functional name, symbolic
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
circuits is graphically displayed by small circles. 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. A small circle at the out-
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

A . The NAND gate performs one of the

NAND gate B common logic functions. A1l of the
N— — inputs have to be enabled (HIGH) to
Y=AB N produce the desired (LOW) output.
ﬁ—-—_i:j:::::x}* The NOngage gerforms one of the
- common logic functions. Any of the

NOR gate Nem— tnputs needs to be enabled (HIGH)
Y=A+B... ...tN to produce the desired (LOW) output.

The inverter is an amplifier whose
output s the opposite state of the
input.

>|

Inverter

A f The non-inverting bus driver is an
amplifier whose output is the same
Non-Inverting state as the input. Data is enabled
Bus Driver 3 through the device by applying a (LOW)
signal to the E input.

December, 1976 3-1
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b.
C.
M Ppgp
N o
N pog2
N 9903
N Ppga
N Pog5
N poge
N 2007
N pogs
N 0pg9
N pogA
N 9gp8
N 9gacC
d.
e.
December,
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With these connections made, th PA data 1ines are shorted to
the PB data Tines. CA1 is tied to CB2 and CA2 1s 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 1ines.
Using the 680b monitor M and N commands, enter all underhned
characters in Program 5-I1.
Program 5-II. PIA Parallel Port Echo
4F .N p98D 0B or OF N #A FO
B7 N OPPE 86 N Pp1B 0B or OF
Fo N pPoF 04 N B
08 or OC N po1p BT N 81D FO
B7 NOopen FO N PPIE 09 or OD
Fo N pm2 08 or OC N pRIF 27
09 or 0D N3 B N2 F5
87 N pm14 FO N ZE
Fo N #915  0A or OF N pp22  FF -
0A or OE N p916 BD N pp23 AB
43 N7 FF S
B7 N P98 00
3] NOopp19 F7
The program should echo any character entered through the
680b Main Board ACIA. If there 1s 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 location.
The VMA must be jumpered HIGH at pin 3 of IC-U.

5-7
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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 contents 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 DCD 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
DOCD input.

CTear To Send (CTS), Bit.3 ~ The TTS bit indicates the state of the
TTS input from a modem. A LOW CTS indicates that there 1s a Clear To
Send from the modem. In the HIGH state, the Transmit Data Register Emp-
ty bit is inhibited and the Clear 10 Send status bit will be HIGH. Mas-
ter Reset does not affect the TTear To Send status bit.
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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 P are equal to 1 and @, respectively). Note that the selected baud
rate is four times larger than the desired baud rate.
structure of the ACIA, 1t 1s 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 2400
Table 2-10. Additional Baud Rate Selection

Due to the internal

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

0 0 0 7 2 Even

] 0 1 7 2 0dd

0 1 0 7 1 Even

0 1 1 7 1 0dd

1 0 0 8 2 None

1 ] 1 8 1 None

1 1 0 8 1 Even

1 1 1 8 1 0dd
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2-4, SERIAL PORT (ACIA) SELECTION

The 680b Universal I/0 Board utilizes a §850 Asynchronous Communi-
cations Interface Adapter (ACIA). The ACIA allows serfal data to be
taken in on 1ts receive 1ine 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 line in serial form.

The ACIA has three chip select inputs, CSp, CS1, and €32, which are
used in the selection of the ACIA. It also has a Register Select (RS)
input, controlled by address 1ine A, that can select between the differ-
ent internal registers. The ENABLE signal 1s used for internal interrupt
control and the timing of Control/Status changes. Since all data transfers
take place during #2 of the system clock, 1t 1s 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 1s 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.

BIT 1 BIT 9 FUNCTION
0 0 1
0 1 + 16
1 0 + 64
1 1 Master
Reset

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

December, 1976 2-7
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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 1s accessed.

If bit 2 is a logic @, the DDR 1s accessed. If bit 2 is logic 1, the

Data Register is accessed. Writing a logic P into any bit of the DDR

will cause the corresponding data line to act as an output. Thus, there
can be any combination of inputs or outputs on the data 1ines (PAp through
PA7 and PBP through PB7).

2-3. PIA Initialization

Program 2-I 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, F008 through FOOB.

If a second parallel port is used, the lowest address location would be
FOOC through FQOF.

The addresses function as follows: F008 = section A Control/Status
Register; F009 = section A Data-Direction (when accessed) and Data Chan-
nel Register; FOOA = section B Control/Status Register; FO0B = section B
Data-Direction (when accessed) and Data Channel Register. )

Section A functions as an input and section B functions as an output.

INPUT

1. If the I/0 device has valid data, a strobe signal from the 1/0
device pulls the input CA1 1ine 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 after 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-
ically check the section 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.

December, 1976 2-5
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C

Control bits 1 and @ affect the operation of the external control
1ine, C1. C1 is used as an input control 1ine from the I/0 device.
Status bit 7 and the interrupt request output to the system bus, TRJ, are

then affected by the activity of C1 as shown in Table 2-3.

Bit 7 and

TRQ are reset (bit 7 goes LOW, TRQ 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 TRQ is dependant on how bit @ is set in the Control

Register. For example, if

bit g =

be LOW, interrupting the system.

1 and C1 is active, the TRQ output will

Table 2-3. Control of Interrupt Inputs, C1 (CA1 and CB1)

-

0 Active HIGH
1 Active HIGH

Set HIGH when C1 is active
Set HIGH when C1 is active

CONTROL BITS C1 STATUS BIT 7 TRq
10 INPUT . _ OUTPUT
0 | 0 |Active LOW. |Set HIGH when C1 is active |Disabled -- remains HIGH
0 1 Active LOW |Set HIGH when C1 s active |Goes LOW when Bit 7 is HIGH ‘

Disabled -- remains HIGH
Goes LOW when Bit 7 is HIGH

The €2 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.
tions as an input.

Sections A and B operate identically when €2 func-

Table 2-4. Control of Interrupt Inputs, C2 (CA2 and CB2)
CONTROL BITS c2 STATUS BIT 6 TRQ
5 4 3 INPUT OQUTPUT
01010 Active LOW Set HIGH when C2 is active | Disabled -- remains HIGH
0|01 Active LOW Set HIGH when €2 is active | Goes LOW when Bit § is HIGH
0o(1 1|0 Active HIGH | Set HIGH when C2 is active Disabled -- remains HIGH
0|1 |1 Active HIGH | Set HIGH when C2 is active | Goas LOW when Bit 6 is HIGH
December, 1976 2-3
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2-1. GENERAL

Section II contains a detailed description of the MITS Altair 680b
Universal 1/0 Board parallel (PIA) and sertal (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 1ines A7 through A4 and their
complements, K7'through AZ, are also user selectable. With these addresses,
there are 16 different address locations for the Universal 1/0. Address
1ines A3 and A2 select between three ports. A3 addresses the parallel
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 Tines AP and
Al enable the selection of the port section and the channel. If the two
parallel ports are addressed at F008 and FOOC, 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
F008 A CONTROL/STATUS
F009 C DATA - DDR
FOOA B CONTROL/STATUS
FOOB DATA - DDR
Fooc A CONTROL/STATUS
FOOD DATA - DDR
FOOE B CONTROL/STATUS
FOOF B DATA - DDR

December, 1976
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1-1. SCOPE AND ARRANGEMENT

The Altair 680b Universal 1/0 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, fs presented in
Section I1I.

3. Section III includes a detailed theory explanation of the 680b
Universal I/0 circuit operation.

4. Section IV contains instructions for installing the Universal 1/0
Board into the Altair 680b computer.

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

1-2. DESCRIPTION

The 680b Universal I/0 Board provides two parallel 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 direction (each
data 1ine 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 combination of custom
applications. A Universal I/0 with two PIA parallel ports has 32 data
1ines (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 Tma). The Universal I/0 is also provided with a parallel
8-bit non-latched output at TTL levels.

December, 1976 1-1
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