My
"HomeBrew"
/O card

My "homebrew" 1/O card began life as a"Solid State Music" 1/O-PROM-
UNIVERSAL card. It had a couple of "open" areas and was designed so
that you could add alittle circuitry if you needed to.

Origindly intended to have asingle AY-5-1013 UART added to it, | instead
put on two 8251 uarts with associated baudrate clock generator and RS-232
Interfaces (made with op-amps).

Fortunately the original card was designed to be flexible, and even chips
which had been "designated” were on general purpose pads - as you can see
from the photos, | modified the circuitry quite extensively...

The following pages contain the original documentation for the Solid State
Music card. The last handwritten page contains a few notes on my changes,
which appears to be the only documentation that | have remaining.
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"~ Solid State Music

- Assembly Instructions © 1976 I/0-PROM-UNIVERSAL CARD

This card was designed to provide an I/0 interface for the Altair 8800 computer.
Additional pads have been provided to facilitate the addition of EROMs, a UART,
RAMs or other circuits as required. The basic kit provides the necessary parts
for the implementation of two I/O ports. Other kit options are being prepared for
supplementary functions such as TTY interface, video monitor interface, etc.

Figure 1 shows the layout of the committed areas for the I/0 and the uncommitted
areas for other circuitry.

1.0 1/0 Card Connections (refer to figures 2,4 & 5)

1.1 Jumpers. If this card is used for I/0 functions a
few connections have to be made on the board with jumpers
first. ‘

(a) Connect "sM* (U5, pin 12) to the 1K ohm pull-up
resister (5 pads-1.25" to the right of the letters
"SM" and up 0.625" on the front side of the

board. )

(b) Conne;t nS0" (edge conn. pin 45) to "SOUT" (U6
pin 5).

(¢) Connect "SI" (edge conn. pin 46) to "SINP" (U6,
pin 9).

(d) Connect "OUT STB" (5 pads) to pin 13(DS2) of all
of the 812 IC's that will be used as output
ports.

(e) Connect "INP STB" (5 pads) to pin 13(DS2) of
all of the 8212 IC's that will be used as input

ports. g

1.2 Port (address) Selection. The Altair Computer can drive
_up to 256 input or output ports by decoding eight of the
sixteen output address lines from the Intel 8080 CPU chip.
The 8-1line address decoder (SN74L42) on the Universal Card
can enable up to eight consecutive port devices in the range
of "O" to "255".

As shown on figure 4, U3 drives up to eight ports in
a group range selected by jumpers (or Dip Switch) at U7. If
you want to select ports numbered O thru 7, then the code for
U7 is "00000" and no jumpers are needed for U7 (pins 12 thru
16 connected over to pins 5 to 1). Note: U7, pin 16 is the
most significant bit and U7, pin 12 is the least significant
bit of the group address for the ports.

kg9 = O



SOLID STATE MUSIC

Assembly Instructions I0-2 Cont'd
/
1.2 Contd U3 selects the
U7 selects the port address
group address, pins “within a group
16 15 14 13 12 ¢ B A
Binary MSB LSB |
value 128 64 32 16 8 4L 2 1

To connect the addréssing circuit to the port, place a jumper
from 1 (DS1) of the 8212 IC to pins 1 thru 7 or pin 9 depending
on what address you want that port to be.

: JUMPERS, U7

pins pins pins pins ,pins
1.3 To select PORT RANGE 16 to 1l 15t02 14 to3 13tol4 12to5
O thru 7 none none none none none

8 thru 15 no no no no yes

16 thru 23 no no no yes no

24 thru 31 no - no no yes yes

32 thru 39 no no yes no no

248 thru 255 yes yes yes yes yes

1.4 To select PORT NUMBER within a selected range:
Make port drive connections to the following pins of U3 (74142)

1st port - pin 9 4th port - pin 5 7th port - pin 2
2nd port - pin 7 5th port - pin 4 8th port - pin 1
3rd port - pin 6 6th port - pin 3

1.5 PARALLEL INPUT PORT (MITS Rev. 1)

UZ PINT . e I — ]
INF STB > nsdfgg_;_ MD!—;’
us | 2097 OR BTI7
o ADDED PART
pociTive PuLse JL " 250 TR bm
reM KEY BOAKD
F;R nJPuT DEVICE Udam iwb W 'S B ee conns
PIN 98
V3 PIND
INP STB

The 8212 (U8) is used as an input port at address 001 in this config-
uration. The keyboard or inputing device should provide a positive
pulse for a DAV (data available) strobe to place data into the 8212,

If your DAV is negative, invert it with a 7404. The added DM8097 device
is used as a one-bit input port at address 000 as a status flag.

L4



SOLID STATE MUSIC
Assembly Instructions 10-2 Cont'd

1.6

1.7

1.8

2.0

2.2

2.3

PARALLEL INPUT PORT (Processor Tech. Corp compatible)

The same as MITS Rev. 1 circuit except at &) , add an inverter (7404)
between U8 pin 23 and the DM8097 pin 14. Also, move® connection to
pin 93 (instead of 95) which will give a "DI6" bit,

PARALLEL INPUT PORT (IMSAI €080 compatible) -

Same as MITS Rev. 1 circuit except add an inverter (7404) between pin 23
of U8 and pin 14 of the DM8097. Then change (® connectinn to pin 93.
Then connect pin 1 of U8 to pin 6 of U3 and pin 4 of U4 to pin 5 of U3,

Types of Ports. For additioal information on some port
configurations that can be constructed with the 8212 IC get
a copy of the "8212 Eight-Bit Input/Output Porteeececcecss

Microcomputer Peripherals-Schottky Bipolar" pamphlet from
Intel Corp., 3065 Bowers Ave., Santa Clara Ca.

1K/2K _PROM CARD CONNECTIONS (refer to figures 3 & L)

Jumpers. If this card is used for PROM functions, a few
connections have to be made on the board with jumpers first.

(a) Connect "sM" (U5, pin 12) to pin 47 (edge conn.
pin near "SI").

(b) Comnnect the data outputs of the 1702A type PROM
to the appropriate data input lines (edge conn.
pins) of the Altair bus.

(¢) Connect the address lines (edge conn. pins) AO
to A7 to the appropriate address pins on the
17024,

Speed Considerations. The Altair Computer uses a 2 MHZ
clock to time all its functions which gives a single cycle
period of 500 nsec. If the PROM you are using has an
output data access time of greater than 500 nsec, then a
slow-down circuit has to be built on the unused part of
this card or the computer will not be able to read the
PROM. (See apendix 1 for a slow-down circuit.)

PROM Addressing. The addressing of PROM is similar to
Port Selection as described in this pamphlet,

U7 selects the

starting page U3 selects up

(256 bytes) to 8 pages

address, pins (PROMs ).

16 15 14 13 12 C B A
Binary MSB 1SB

value 32, 768 2048 1024, 256



SOLID STATE MUSIC
Assembly Instructions I0-2 Cont'd

2.3 Cont'd

Connect the outputs of U3 (pins 1 thru 7 and 9) to the chip select
(CS) pin of the PROM. Note: U3 pin 9 is the enable for the first
~ page, U3 pin 7 is the second page enable, etc.

3.0 Parts List

fpreferred partl| alternate
Uiooooooo-oo _7485 *
U2e00000000e SN7TLLSOL SN74104,
U3eeeooneee s SNTLLL2 SN7442, TLISL2
Ul&oooo.ccoooSN7l}86 )
USeeeeeeeees SNTLLOO 741500
U6.-........SN7[|.IDO 7&1&8%
U7..........Dip SWj.tCh (8) anper
UBeeseonesssIntel 8212 7I+SLI-12
UlOeeseseessIntel 8212 745412
1 4O-pin or,
3 16-pin or,
OPTIONAL /" 3 14-pin & 1 8-pin .
/REGULA’IUR ~— 2 2l-pin
/ L
* A c ¥ [E ¢ ¥ |4
3 16-pin or
3 14-pin or
- . !
2 24-pin
| +5vde 4 P
*B D ' * F
* H
¥ K |— 16-pin
filter output 5o I;t?
8-line 16-pin
address * 1 * T -
/;’ decoder irput po
i
2 24-pin & 2 16-pin or *Committed Circuits

5 16-pin & 1 1l4~pin or

7 14-pin FIGURE 1 — GENERAL CARD LAYOUT
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Assembly Instructions I0-2 Cont'd
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Assembly Instructions I0-2 Cont'd
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Assembly Instructions I0-2 Contt'd
(OPTloNRL)

. CLEAR e
The 8212 IC is an eight-bit Latch 2™ —> o g
with a special moda control cir- J;
cuit and tri-state outputs. With S |
pin 2 (MD) of the 812 connected INPUT PORT I 0T Dp|compuTer BuS
to ground the IC will act as an — !
input device with data loaded in n 123
to the latch on trailing edge of . - ~3[sT8_ INTD—"NC
a positive pulse t 11 (STB _—

positive pulse to pin (ST8). POSITIVE Q212
PULSE
Input Port

Using the above input port circuit
and connecting pin 23 (INT) to pin

73 of the computer bus, a port with gmp'_i.-_.’ PN 75
interrupt is created. When the CPU ,

is interrupted it will execute the i

eight-bit mach. instruction on the INPUT FORT SIpL [ COMPUTER BUS >
bus after it has finished its pre- : :
sent instruction. If you do not 0 lste . . 123

have a special interrupt system, o ) _wEp > PIN 73
the interrupt will place an RST-7 e 8212
instruction into the CPU, Post;wE

PULSE

Input Port with Interrupt

+5v
(owm.m.
The output port function is selected 21— CLEhR BuS
by connecting pin 2(MD) to a logic MO mo——-—-—- > Py 7E
"one.”" The 8212 will be loaded with
data from the bus when it is addressed e e '
by the computer thru pins 13 and 1. INPUT PORT oL b;d.rmsvw_e:g_ii >
NG ———1o™® P22 g
YAV4

Output Port
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SOLID STATE MUSIC
Assembly Instructions

I¢s REQUIRED:

I0-2

0 +5V CHANGE TO

I
27K Y} J

VIV

1 7%ke3
I 74L74 rsv
| Psvuc[: 2.8
ISET ISET
g—‘D Q D q
Bvs
PIN 24 s T - ¢ T -
2 o+ ( ap
BLUS ‘r RESET RESET
PiN 25 L
RA R8
RC +SV
O
2.7
PROM

SPEED RA RB

‘4 /EMABLE
{ (
—-li.rjt?(o)

FROM I/0 CARD
Us, PIN It

NUMBER OF WAIT CYCLES ADDED

«5 us GND | GND NO WAIT CYCLES

RC | GND

(Circuit not required)

1l us GND RC

ONE WAIT CYCLE -~ 0.5 us added per byte

l.5 us RC RC

TWO WAIT CYCLES - 1.0 us added per byte

The I0-2 concept and tape master were created by Malcolm Wright.
Important contributions were made by Lynn Cochran - The UART circuits

and TTY interfaces, for example.
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