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INTRODUCTORY NOTE

The 88-2MCS consists of the 88-4MCS PC Board and
all parts except for the 16 memory I.C.s (2102A-4) and
16 sockets. The 16 memory I.C.s and sockets that are
supplied should be placed in memory locations A@-A7 and
B@-B7 only.

Do not install R3, 4 ohm, 5 watt resistor, if you
are assembling the 88-2MCS.




ASSEMBLY HINTS

Before beginning the construction of your unit, it is important that you read
the "MITS Kits Assembly Hints" booklet included with your kit. Pay particular
attention to the section on soldering, because most problems in the Altair
occur as the result of poor soldering. It is essential that you use the cor-
rect type of soldering iron. A 25-30 watt iron with a chisel tip (such as an
Ungar 776 with a 7155 tip) is recommended in the assembly hints booklet.

Some important warnings are also included in the hints booklet. Read them
carefully before you begin work on your unit -- failure to heed these warnings
could cause you to void your warranty.

Check the contents of your kit against the enclosed parts list to make sure
you have all the required components, hardware and parts. The components are
in plastic envelopes; do not open them until you need the components for an
assembly step. You will need the tools called for in the "Kits Assembly
Hints" booklet.

As you construct your kit, follow the instructions in the order they are
presented in the assembly manual. Always complete each section before going
on to the next. Two organizational aids are provided throughout the manual
to assist you: 1) Boxed-off parts identification lists, with spaces provided
to check off the components as they are installed; 2) Reproductions of the
silk screens showing a) previously installed components, b) components being
installed and c) components yet to be installed. (see below)
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COMPONENT INSTALLATION METHODS

This section of the manual describes the proper pro-
cedures for installing various types of components
in your kit.

Read these instructions over very carefully and
refer back to them whenever necessary. Failure to
properly install components may cause permanent
damage to the component or the rest of the unit;
it will definitely void your warranty.

More specific instructions, or procedures of a less
general nature, will be included within the assembly
text itself.

Under no circumstances should you proceed with an
assembly step without fully understanding the pro-
cedures involved. A little patience at this stage
will save a great deal of time and potential "head-
aches" later.




SOCKET INSTALLATION

Install each socket according to
the following procedure:

1. Be certain that the socket pins
are straight. If any of the
pins are bent, CAREFULLY straigh-
ten them with the tip of a
small screwdriver.

2. Set the socket into place, and
secure it with a piece of mask-
ing tape.

3. Turn the board over and solder
each pin to the foil pattern
of the back of the board. Be
sure that EACH pin is soldered,
and be careful not to leave any
solder bridges.

4. Turn the board over again, and
remove the masking tape.

5. After each socket is installed,
check the corresponding socket
off of the parts list on page 4.

IC INSTALLATION

All ICs must be oriented so that the
notched end is toward the end with
the arrowhead printed on the PC
board. Pin 1 of the IC should cor-
respond with the pad marked with

the arrowhead. If the IC does not
have a notch on one end, refer to
the chart on the preceeding page

for the identification of Pin 1.

To prepare ICs for installation:
All ICs are damaged easily and
should be handled carefully--espe-
cially static-sensitive MOS ICs.
Always try to hold the IC by the
ends, touching the pins as little
as possible.

When you remove the IC from its
holder, CAREFULLY straighten any
bent pins using needle-nose pliers.
All pins should be evenly spaced
and should be aligned in a straight
line, perpendicular to the body of
the IC itself.

1. Orient the IC so that Pin 1 co-
incides with the arrowhead on
the PC board.

2. Align the pins on one side of
the IC so that just the tips are
inserted into the proper holes
on the koard.

3. lower the other side of the IC
into place. If the pins don't
go into their holes right away,
rock the IC back, exerting a
little inward pressure, and try
again. Be patient. The tip of
a small screwdriver may be used
to help guide the pins into place.
When the tips of all the pins
have been started into their
holes, push the IC into the
board the rest of the way.

4. Tape the IC into place on the
board with a piece of masking
tape.

5. Turn the board over and solder
each pin to the foil pattern on
the back side of the board. Be
sure to solder each pin and be
careful not to leave any solder
bridges.

6. Turn the board over again and
remove the piece of masking
tape.
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INTEGRATED CIRCUITS (IC's) CAN COME WITH ANY ONE OF, OR A COMBINATION
OF, SEVERAL DIFFERENT MARKINGS. THESE MARKINGS ARE VERY IMPORTANT IN
DETERMINING THE CORRECT ORIENTATION FOR THE IC's WHEN THEY ARE PLACED
ON THE PRINTED CIRCUIT BOARDS. REFER TO THE ABOVE DRAWING TO LOCATE
PIN 1 OF THE IC's, THEN USE THIS INFORMATION IN CONJUNCTION WITH THE
INFORMATION BELOW TO PROPERLY ORIENT EACH IC FOR INSTALLATION.

WARNING: INCORRECTLY ORIENTED IC's MAY CAUSE PERMANENT DAMAGE!J

5 THE DRAWING ON THE LEFT INDICATES VARIOUS
- METHODS USED TO SHOW THE POSITION OF IC's
ON THE PRINTED CIRCUIT BOARDS. THESE ARE
SILK-SCREENED DIRECTLY ON THE BOARD. THE
ARROWHEAD INDICATES THE POSITION FOR PIN 1
B — WHEN THE IC IS INSTALLED.

E
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MOS IC SPECIAL HANDLING PRECAUTIONS

There are several MOS integrated circuits
contained in this kit.
very sensitive to static electricity and
In order to prevent
damaging these components, read over the
following precautions and adhere to them
as closely as possible.
MAY RESULT IN PERMANENT DAMAGE TO THE IC.

transient voltages.

A1l equipment (soldering iron, tools,
solder, etc.) should be at the same
potential as the PC board, the assem-
bler, the work surface and the IC it-
self along with its container. This
can be accomplished by continuous
physical contact with the work sur-
face, the components, and everything
else involved in the operation.

When handling the IC, develop the
habit of first touching the conduc-
tive container in which it is stor-
ed before touching the IC itself.

If the IC has to be moved from one
container to another, touch both
containers before doing so.

Do not wear clothing which will build
up static charges. Preferably wear
clothing made of cotton rather than
wool or synthetic fibers.

5)

6)

7)

8)

These IC's are

FAILURE TO DO SO

Always touch the PC board before
touching the IC to the board. Try
to maintain this contact as much as
possible while installing the IC.

Handle the IC by the edges. Avoid‘k~)
touching the pins themselves as muc
as possible.

Dry air moving over plastic can build
up considerable static charges.

Avoid placing the IC near any such
area or object.

In general, never touch anything to
the IC that you have not touched
first while touching both it and the
IC itself.
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Resistor Installation

Resistors have four (or possibly five) color-coded bands

as represented in the chart below.
silver and indicates the tolerance.

The fourth band is gold or
NOTE: 1In assembling a

MITS kit, you need only be concerned with the three bands of
color to the one side of the gold or silver (tolerance) band.

These three bands denote the resistor's value in ohms.

The

first two bands correspond to the first two digits of the
resistor's value and the third band represents a multiplier.

For example: a resistor with red,
violet, yellow and silver bands has a
value of 270,000 ohms and a tolerance
of 10%. By looking at the chart be-
low, you see that red is 2 and violet
7. By multiplying 27 by the yellow
multiplier band (10,000), you find

you have a 270,000 ohm (270K) resistor.

The silver band denotes the 10% tol-
erance. Use this process to choose
the correct resistor called for in
the manual.

RESISTOR COLOR CODES
BANDS 3rd BAND

COLOR 1&2 (Multiplier)
Black 0 1
Brown 1 102
Red 2 10
Orange 3 103
Yellow 4 104
Green 5 105
Blue 6 108
Violet 7 107
Gray 8 108
White 9 10°

Use the following procedure to
the resistors onto the boards.
sure the colored bands on each

2ND BAND
VIOLET

IST_BAND
RED

4TH BAND
SILVER

3RD BAND
YELLOW

install
Make
resistor

match the colors called for in the list
of Resistor Values and Color Codes given
for each board.

1.

Using needle-nose pliers, bend the
leads of the resistor at right an-
gles to match their respective holes
on the PC board.

Install the resistor into the cor-
rect holes on the silk-screened side
of the PC board.

Holding the resistor in place with
one hand, turn the board over and
bend the two leads slightly outward.

Solder the leads to the foil pattern
on the back side of the board; then
clip off any excess lead lengths.




CAPACITOR INSTALLATION

A. Electrolytic Capacitors

Polarity requirements must be noted on
electrolytic capacitors before they are
installed.

The electrolytic capacitors contained in
your kit may have one or possibly two of
three types of polarity markings. To
determine the correct orientation, look
for the following.

ELECTROLYTIC
CAPACITOR

RED

&£

One type will have plus (+) signs on the
positive end; another will have a band
or a groove around the positive side in
addition to the plus signs. The third
type will have an arrow on it; in the tip
of the arrow there is a negative (-) sign
and the capacitor must be oriented so the

arrow points to the negative polarity side.

8

Refer to the chart included for each
board for correct Capacitor Values and
install the electrolytic capacitors.

1. Bend the two leads of the capacitor
at right angles to match their res-
pective holes on the board. Insert
the capacitor into the holes on the
silk-screened side of the board.

Be sure to align the positive polar-—
ity side with the "+" signs printed
on the board.

2. Holding the capacitor in place, turn
the board over and bend the two leads
slightly outward. Solder the leads
to the foil pattern and clip off any
excess lead lengths.

B. Ceramic Disk Capacitors

Refer to the chart included for each
board for correct Capacitor Values, and
install the ceramic disk capacitors using
the following procedure.

1. Choose the correct value capacitor
and straighten the two leads as
necessary to fit their respective
holes on the PC board.

2. 1Insert the capacitor into the cor-
rect holes from the silk-screened
side of the board. Push the capa-
citor down until the ceramic insu-

lation almost touches the foil pattern.

3. Holding the capacitor in place, turn
the board over and bend the two leads
slightly outward.

4. Solder the two leads to the foil
pattern on the back side of the
board; then clip off any excess lea
lengths.




IC SOCKET INSTALLATION

Install the following 10 IC sockets according to the instructions
on page 4

() Sockets A, B, C, D, F, H, K, and M are l4-pin.

() Sockets J and N are 16-pin.-
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RAM SOCKET INSTALLATION

Install the following 32 sockets according to the instructions
on page 4.

All 32 of the RAM sockets are 16-pin.
( ) A0 through 7
( ) BO through 7
() CO through 7

( ) DO through 7

NOTE: All 32 RAMs are static-sensitive and must not be installed at this time.
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IC Installation

Install the following ICs according to the instructions on
page 4. .

() ICs A, Band F are 74L8135.‘
() ICs C and M are 74LSlds.

() ICD is a 74LsSg4.

() ICs H and K are 74LS00s.

() ICs J and N are 74367s.
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Resistor Installation

Install the following resistors according to the instructions
on page 7

() Rl and R2 are 2.2K ohms (red-red-red) 1/2 or 1/4 W.
() R3%is a 4 omm wire-wound resistor, S5W.
() RS and R6 are 100 ohms (brown-black-brown) 1/2 or 1/4 W.

NOTE: Save the leads you clip off for later use.

*  R3 should be installed according
to the instructions on page 7,
except that R3 should rest 1/8"
above the board, not next to the
board.
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CAPACITOR INSTALLATION

Install the following capacitors according to the instructions
on page 8. '

() Cl, c4 and C5 are 33 or 35 uf/lév electrolytics.
() €2 is a 1 uf/20v electrolytic.
() C3 is a .1l uf ceramic disk.

() C6 and C7 are .01 uf/16v-1Kv ceramic disks.
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CAPACITOR INSTALLATION

Install the following ceramic disk capacitors according to the instruc-
tions on page 8.

These capacitors are marked only with an outline on the silk-
screen; there are no component designations printed for them.
These capacitors are located near the ICs, and are used for
noise suppression.

( ) Install 9 suppressor capacitors
(right side of board)
.1 uf/12-16v ceramic disks

* The capacitor located directly above I.C. "D" is incorrectly
marked on your PC board. Place the capacitor in the position
indicated by the component layout.




FERRITE BEAD INSTALLATION

There are 2 ferrite beads to be installed on the board to aid
in noise suppression, Ll and L3.

These are to be mounted by placing them over resistor leads

(saved earlier) and bending the leads as necessary to fit the
proper holes. (See drawing below.)

PC BOARD

FERRITE BEAD

RESISTOR LEAD

Install them as close to the board as possible on the silk-

screened side. Solder them on the back side of the board and
clip off the excess lead lengths.

Ferrite Bead Installation

() @1

() L3
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VOLTAGE REGULATOR INSTALLATION

There is one voltage regulator to be
installed on the silk-screened side of
the board.

This is to be installed according to
the following procedure. (See draw-
ing.)

(1) Set the regulator in place
over the board so that the
mounting hole in the regula-
tor and the board align.

(2) Use a pencil to mark the point
on each of the regulator's
three leads directly over its
corresponding hole in the board.

(3) Bend the three leads, using
needle-nose pliers, at right
angles from the printed side
of the component.

NOTE: Use heat-sink grease when in-
stalling this component. Apply
the grease to all surfaces which
come in contact with each other.

(4) Referring to the drawing, set
the regulator and heat sink in
place on the silk-screened side
of the board. Secure them to
the board using a #6~32 nut.
Hold the regulator in place as
you tighten the nut to keep
from twisting the leads.

(5) Turn the board over and solder
the three leads to the foil
pattern on the back side of
the board. Be sure not to
leave any solder bridges.

(6) Clip off any excess lead
lengths.

¥g-32 ——_—¢

MC 7805




ADDRESS SWITCH INSTALLATION

There is one address line switch to be
installed on the 88-4MCS.

Referring to the component layout on this
page, install the address switch according
to the following procedure.

(1) Remove the switch from its hol-
der. If there are any bent pins,
straighten them with a needle-
nose pliers.

(2) Orient the switch so that the
numbers 1, 2, 3, and 4 on the
switch line up directly under
Al2, Al3, Al4 and Al5 respec-
tively. Note the-following
illustration.

(3) Start the pins on one side of
the switch into their respective
holes on the silk-screeréd side
of the board. DO NOT PUSH THE
PINS IN ALL THE WAY. If you
have difficulty getting the pins
into the holes, use the tip of
a small screwdriver to guide
them.

18
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(4) start the pins on the other side
of the switch into their holes
in the same manner. When all
of the pins have been started,
set the IC into place by gently
rocking it back and forth until
it rests as closely to the board
as possible. After you are cer-
tain that the switch is straight,
tape it in place with a piece
of masking tape.

(5) Turn the board over and solder
each pin to the foil pattern
on the back side of the board.
Be sure to solder EACH pin,
and be careful not to leave
any solder bridges.

(6) Turn the board over again, and
remove the piece of masking

tape. u
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RAM & CAPACITOR INSTALLATION

RAMs AO-A7, BO-B7, CO0-C7 and DO-
D7 should be installed now.

(1) Review the "MOS IC Special’
Handling Procedures" on
page 5 of the ALTAIR 8800
Assembly Manual. Note, fai-
lure to carefully follow
the instructions of the "MOS
Special Handling Procedures"
may result in permanent da-
mage to static-sensitive ICs.

(2) Insert the RAMs into their
sockets on the 88-4MCS.
Handle the RAMs carefully,
and use as little pressure
as possible when inserting
the RAMs. Note that RAMs
AO-A7, BO-B7, CO-C7 and DO-
D7 are 2102A-4s.

o O

o O O O o o

oo O O O O o O

(3) After the RAMs have been
installed, pick up the 88-
4MCS and view each row at
eye level to be certain
that all of the pins have
been properly inserted.

There are 32 suppressor capaci-
tors to be installed. These
capacitors are marked only by
an outline on the silkscreen;
there are no component designa-
tions for them. They are lo-
cated next to the RAMs and are
used for noise suppression. In-
stall these disk capacitors ac-
cording to the instructions on
page 8.

( ) Install 32 suppressor capa-
citors (left side of board)
.1 uf/12-16v ceramic disks

4K-STATIC BD. REV.2




BOARD INSTALLATION

The edge connector and card guide
provided with the board must be
installed. Install the edge con-
nector according to the procedure
described on page 64 in the assem-
bly manual "EXPANDER BOARD 8800 M/
BD ASSEMBLY". 1Install the card
guide according to the procedure

described on page 68 in the assembly

manual "EXPANDER BOARD 8800 M/BD
ASSEMBLY".

Press the 88-4MCS into the edge
connector. The board should be
oriented so that the silk-screened
side faces the right side of the
unit viewed from the front panel.

NOTE

If you have trouble plugging the
card in, measure the stab width of
the board. It should be slightly
less than 6 3/8" long. File the
stab width, if necessary, and try
again.

20




A. INTRODUCTION

The 88-4MCS consists of four 1024 by 8 bit memory arrays, an
Address Select Circuit, a Read Circuit, a Write Circuit, a Memory
Protect Circuit, and a voltage regulator. These circuits are des-
cribed in the next section.

The 88-4MCS operates by retaining data in its memory cells, each
cell having a unique location, or address. To place information (in
8 bit binary form) in a memory cell, the CPU (Intel 8080 in the AL~
TAIR 8800) performs a write function, usually caused by a Store Data
instruction or a Move Data to Memory instruction. Data may also be
stored in memory by using the Deposit switch on the ALTAIR Front Panel.
To read data stored in memory, the CPU must perform a Read Data oper-
ation. This is a normal function, since the CPU must "fetch" data
stored in memory in order to perform the necessary operations. The
data in memory may be instructions for the CPU or data for the CPU to
manipulate. When the computer is in the "run" mode, the program
counter in the CPU keeps track of the memory address it is fetching
data from so that it can go on to the next step. Data is stored in
memory in the ALTAIR 8800 in groups of 8 bits, usually referred to as
a word or byte. The ALTAIR can directly address up to 65,536 bytes
of memory (sixteen 4K boards).

B. DESCRIPTION
1. Memory.

The 88-4MCS consists of four 1024 by 8 bit memory arrays, using
32 2102A~4 RAMs. They are arranged in four rows (A-D) of 8 RAMs each
(#-7). The row letter indicates the 1K section, and the number refers
to the bit being stored.

The 2102A-4 RAMs are referred to as static because each memory cell
consists of a flip-flop which retains its state (set or reset) unless
changed by a write operation or by loss of power.

(Memory I.C. #s - A@g-A7, B@-B7, C@-C7, D@-D7.)
2. Address Select Circuit.

To read or write data on the 88-4MCS, the board must be addressed
correctly by the CPU, matching the address selected by switch S1 (see
chart). Address lines Al2-Al5 enable the BS line (égprd select) while
address lines AlO and All enable the lettered row (CE~X). AlO and All
select the memory row as follows:

Al0 All
Row -
A (CE# - o0 o
B (CE-1) 10
C  (CE-2) 0 1
D - (CE-3) 11

2




88-4MCS Board Address Select Chart-Switch Setting (S1)

S1--Off position connects to the inverted
address signal (A); on position connects
directly to address line (a).

Board Address
Address Line

Al2 Al3 Al4 AlS

0 OFF OFF OFF OFF

1 ON OFF OFF OFF

2 OFF ON OFF OFF

3 ON ON OFF OFF

4 OFF OFF ON OFF

5 OoN OFF ON OFF

6 OFF ON ON OFF

7 ON ON ON OFF

8 OFF OFF OFF ON

9 ON OFF OFF ON
10 OFF ON OFF ON
11 ON ON OFF ON
12 OFF OFF ON ON
13 ON OFF ON ON
14 OFF ON ON ON
15 ON ON ON ON

(I.C.s used in address selection are A, B, F-6, C-10, and M).

23




3. Read Circuit

Reading data from the 4K static memory board occurs when the following
conditions are met:

a) BS is true (board select) = 1
b) One of the CE lines is true (A 1K array enabled) = @
c) SMEMR and PDBIN true = 1

With these conditions met, wvalid read data is enabled on the DI bus
by RDE going low. See read/write timing for signals in run mode.

(Read Circuit ICs: F-8, D-10, H-3, J, and N)
4., Write Circuit

Writing data into memory takes place when the following conditions
are met:

a) BS is true (board select) =1

b) One of the CE lines is true (a 1K array enabled) = ¢
¢) Unprotect is true =1

d) MWRITE is trué = 1

With these conditions met, data on the DO bus is presented to the mem-
ory at the address selected. When the R/W line pulses low, the data is
written into the memory cell. The write data must be stable 300 ns before
the R/W line goes back to a high to insure writing the correct data. See
read/write timing for signals in the run mode.

(Write Circuit I1.C.s: C-4, D-6, K-11, C-2, K-8, N-13)
5. Protect Circuit

The protect circuit consists of gating from the bus and an R-S flip
flop (latch), I.C.s K~3 and K-6. 1In the protect mode, K-3 is low, and
prevents writing into memory by holding K-9 low. K-3 also feeds into
J-14, the protect status line driver input. Memory is protected by BS
being true (=1) and protect (bus Pin 70) pulsing high, causing H-6 to pulse
low, causing K-3 to latch low.

In the UNPROTECT mode, K-3 is_high, allowing data to be written into
memory. Memory is unprotected by POC (Bus Pin 99) pulsing low during power
turn on, causing H-8 to pulse high, causing K-3 to latch high. Memory is
also unprotected by BS being true (=1) and UNPROTECT pulsing high, causing
H~1l to pulse low, causing H-8 to pulse high, latching K-3 high.

24




The 100 ohm, .0l mf, input filters on pins 70 and 20 prevent false
latching due to noise on the bus.

(Protect Circuit I.C.s: c-8, D12, H-6, k-6, C-12, D-8, C-6, D-4, H-11,
H-8, D-2, K-3)

6. Voltage Regulator

The 88-4MCS regulator consists of a 7805 voltage regulator, VRL, by-
passed by a 4 ohm 5 watt current by-pass resistor, R3. At 8 volts unreg-
ulated Vcc, R3 passes .75A leaving .3A to .4A for VRL to pass. Ll and L3
are used to prevent high frequency noise from entering or leaving the board
via the power supply lines.

25




88-4MCS Read/Write Timing Diagram

L/ NOTE

All timing synchronized with rising edge of PSYNC
for displaying signals with ALTAIR in "RUN" mode.

500 ns

PSYNC '
(Bus Pin 76) , , l

e lSuemyy —

Stable

E ... I __________

+

(On RAMs Pin 13) |

—> 300 ns K&—
|

Y

*

‘ I ,
C * BDBIN :e—-— 500 ns—>}—— 500 ng—3)

(Bus Pin 78) | l

t
—>|’ 300 ns }6—
MEMORY READ DATA |
(On RaM Pin 12) _____ K—— valia —
RDE
(H-3)

*MWRITE 900 ns —Hl:—*—
(Bus Pin 68) , 500 ns %‘[

R )

(On RAMs Pin 3)

:

*If reading, SMEMR and PDBIN will go high as shown,
L/' MWRITE will stay low (R/W high, RDE pulse low).

If writing, MWRITE will go high as shown, SMEMR
and PDBIN will stay low (R/W pulse low, RDE high)
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DEFINITIONS OF TERMS USED ON 4K STATIC CARD

RDE -

R/W -

BS -

CE@-CE3 -

PROTECT -

UNPROTECT -

logic 1 -
Logic @ -
Regulated Vcc -

Unregulated
Vee -

(NOT) READ DATA ENABLE, coincident with BS, SMEMR, and PDBIN.
This signal enables valid memory read data on the ALTAIR DI
Bus. Generated at H-3, it is equal to Logic @ when true, and
is a 450 ns pulse when the ALTAIR is in the "RUN" mode.

READ/ (NOT)WRITE. When equal to lLogic 1, memory is in read mode;
when equal to logic @, memory is in write mode. This signal
is normally in read mode and switches to write during front
panel deposit or store or move to memory instruction. The
write pulse, generated at N-13, and coincident with BS, MWRITE
and UNPROTECT, is typically 450 ns wide with CPU in run mode.

BOARD SELECT enables the Memory and the Read and Write func-—
tions. It indicates when the 4K memory block has been addressed
as selected by the address switch. It is generated at C-10 and
is egual to a Logic 1 when true (selected by Memory Address
Lines Al2, Al3, Al4 and Al5).

(NOT) CHIP ENABLE. Enables 1K sections of memory as selected
by BS and Memory Address Lines Al0Q and All. Only one CE line
is enabled at a time, and is true when equal to a logic f#.

Prevents writing into memory. To protect a 4K block of memory,
examine any address on the board, and push the PROTECT switch
on the ALTAIR front panel. This signal is generated and
latched at K-6 and is equal to Logic 1 when true. (K-3 = 0)

This allows writing into memory, and is enabled and latched
by examining any address on the board, and then depressing the
"UNPROTECT" switch on the front panel of the ALTAIR. The

4K Static Board is automatically unprotected by POWER ON CLEAR
(POC). UNPROTECT is true when equal to a Logic 1 and is
generated at K3-1l.

+2.2 Volts to +5.5 Volts.
-0.6 Volts to +0.8 Volts.

+5 Volts +10%.

+7.0 Volts to +9 Volts (1.2 amp max per board).
2




SMEMR - Memory Read Status from CPU, latched during PSYNC on falling
edge of @1. Bus Pin 47, true = 1.

PDBIN - Data bus in signai from CPU, used to gate data onto DI bus
during Memory Read or I/O input. Bus pin 78, true = 1.

MWRITE - Memory Write signal is a combination of SMEMR and ﬁﬁ) causing
data to be written into memory. Bus pin 68, true = 1.

PSYNC - Signal indicating the beginning of each machine cycle of the
CPU. Bus pin 76, true = 1.

"WALKING 1" TEST PATTERN:

| actron DATA
Deposit 000
Deposit Next 001
Deposit Next 002
Deposit Next oou
Deposit Next - 010
Deposit Next 020
Deposit Next 040
Deposit Next 100
Deposit Next 200
Deposit Next 100
Deposit Next o040
Deposit Next 020
Deposit Next 010
Deposit Next 004
Deposit Next 002
Deposit Next 001
Deposit Next 000
NOTE

The maximum number of 88-4MCS cards useable in the
ALTAIR is limited by the power supply capacity. With the
10 Volt 8 Amp power transformer, six 88-4MCS boards is
usually the limit if you are using two or three other types
of boards (I/0, Disk Control, etc.). If necessary, you may
bypass the TIP-140 pass transistor to obtain higher unregulated
Vec voltage. Usually it should average 7.8 volts with
negative peaks of ripple not lessthan 7 volts.
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CHECKOUT AND TROUBLESHOOTING/4K STATIC MEMORY

1. Visual Inspection
(a) Correct ICs installed? Components?
(b) All pins in sockets? (Very frequent problem)
(c) Shorts on PC board? {(Memory area especially)
(d) Address of board selected for @@pg for test?

2. Troubleshooting - First, check to be certain that Vcc=+5V, then;

(a) Test each 1K section as follows:

With address selected at @#@@@ on board, address switches on
Front Panel Select:

Examine and deposit walking "1"s; then re-examine deposited
walking "1"s for each 1K section. If there are problems:

1.

All Al0

2 § -—- 1st 1K
9 1 --- 2nd 1K
1 g --- 3rd 1K
1 1 --- 4th 1K

All data lights on - No deposit, indicates problems with
address selection. If all four 1K section affected, then
"BS!' circuit. if only one of the 1K sections affected, then
CE@, CEl, CE2 or CE3. Also can be caused by "RDE" bad, not
enabling line drivers (IC "J" and 'N").

Data light stays on - (Can't deposit #) For one of 1K sections
indicates memory chip pin not in socket (memory chip # is the
data bit #), or open land. If stays on for all four 1K sections,
open land, or short to + voltage, or defective line driver.

Data light stays off - (Can't deposit 1) indicates short to low
voltage or ground on data line.

Can't deposit, examine ok ~ Check R/W, protect circuit.

Data changes on walking "1"s (on examine after deposit walking

"1"s) indicates shorted address lines. Check by testing address
lines with ohm meter or observe on scope during run mode. Shorted
address line is seen as a .2 to 1 volt "shelf" on Logic # level.
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6. For functional testing (pulse widths etc.) use the following
test program:

ADDRESS DATA MEM
000,000 062 STA
001 100
002 000
003 000 NOP
004 303 JMP
005 000
006 000

This can be used to measure RDA and R/W'timing (board address
set to #¢@g).

(b) Ohmmeter tests

The ohmmeter is the most accurate device for checking an open
or short on the 88-4MCS. If the previous troubleshooting method
proves inconclusive:

1. Check for shorts in memory array by checking for continuity
between each pin on a RAM and every other pin on the same
RAM. Some pins will read low resistance, depending upon
the polarity of the ohmmeter. Low resistance will also
appear on all Vcc and GND pins. Reverse the leads of the
ohmmeter to be certain that low resistance does not indi-
cate a short circuit.

3




2.

Check for open circuits (broken land, pin out of socket) by:

(a) Checking for continuity between all common address lines

(b)

(Ag-A9) of RAMs; checking for continuity from pin 1 of
RAM Af to pin 1 of all other RAMs. Then check between
pins 2, 4, 5, 6,7, 8, 14, 15, 16 using the procedure

described above.
Check data line pins, 11 (Data In) and 12 (Data Out)
on memory I.C.s with the SAME number to be certain
that they are connected. (i.e., Al-11 connected to
Bl-11 to Cl-11, etc.)

3.







St

_______b_

sl d i VA b

________________q

N >u¢ dﬂ o_h(hn zt R

R

"i Y-

D 1| ei¥D0 || et || gt

T
S

%:5!
—

gLy

To €

N

-

oz | arie || aTme | e || ot

D0 || e

3y

-

K>

-4
1y | Bl

o
21119
¢
L

L

ep il

=T BT
: 3

Inoker s3xed gon v

)







74LS14

C

PIN CONFIGURATION

ICs and Dip Switch

LOGIC SYMBOL

A wf]A,
a2 sl Ja ] :"
e Eail
aw(]s 10 me b L Ow p—
—{a
o= i . ]2 s102a4
8102A-4 -
(s 12[_Joataour __} ::
—fAy
s nf{Joaran T} o Dourl—
¥ s | 10f Jvee s )
~C]s sf_Jano ow &
PIN NAMES
Din DATA INPUT CE  CHIP ENABLE
Ag Ay_ADDRESS INPUTS | Dour OATA OUTPUT
AW READ/WRITE INPUT | Vec POWER (+6V)
V C A] A‘
R P l1o a

@J@L&J
ikl

1 Z
A[1 ‘

A2 vs As

A3 y3

£7
ND

BLOCK DIAGRAM

Row
sececron)

co
anmay

32 AOwS.
23 CoLumng

|

oyt

[ DATa
oata contRoL
w

COLUMN 10 CIRCUTS

COLUWN SELECTOR

ey

T

Q@ goars
out

Q- o numsens

2102a-4

741513
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Bg67

. Vj:c 6 vr ﬁs YS A4 Y4
Vec B4 A6 Ya B3 Ar s 1a_ha 12l Jo 1o e
4 13 j12 |11 9
74L504
74L500
LA 2 < T - T T 4 I_DD
A1 B1 Y1 A2 B2 Y2 GND SN N S
[ R L 6 I
A2 Y2 A3 Y3 GND
V _2 e

CTS.206-124 DIP

" T T ) |, swrrc

|1 |2 4
A2 Y2 A3 Y3 GND
SHOWN IN “ON” POSITION

The illustration of the 2102A-4 chip is Copyright 1976,
Intel Corporation. The illustrations of the 74LS14, 74LsS13,
74LS00, 74LS04 and 74367 ICs are Copyright 1976, National
Semiconductor Corporation.
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