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. 16i( STATIC
P/\RTS IIST
APRIL, Lg76

I}AG 1

L 7402
L 74rn2
1 . 7406
5 74t^O4
L 74L527
t 74rs74
1 74LL39 | 93I,,,L
1 82L2
2 81971743671eO97
1 7805
I 78L2

BAG 2

32 4200

BAG 3

3 33MF 16V
51 .lMF 12V

BAG4

330 Ohn aii
100 Ohn 2I,i

5V Zener

101021
L0LO72
101054
101073
101L03
101088
101138
101071
101040
LOLO74
101085

101137

LOO326
100348

LOL926
L02009
L0072t

2
2
1
o
2
2
1
1

MTSC.

BAG 5

32 22 PLn Socket

BAG 6

1 02108

101870
LOL7L4
101864
100925
100933
l:oo942
102105
to2%8

r.00194
101565

Heat Siok (Snall)
Card Guides
100 Pin Connector
tf6-32 x 3/8" Screry
/16 Nut
#6 fock Washer
U Ptn Socket
4-Pos. SPST Dlp Switch

1
t

16K Statlc PC Board
16K Statlc lfanual

5
1
1
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88-16MCS TIIEORY OF OPIRATION

The 88-lbMcs is basbd around a 4096 x I bit static randorn access
integrated circuit. These MI4s offer the advantage bf 1ow power
consumption and extrenely fast access time (215 ns.), and also' eliminates the need for the additional refresh logic conmon to
nost dfnanic nenories.

BoARD/BLOCK SELECT

' see schenatic and Tining Diagran at the end of this section.
since only four 88-16Mcs boards are required for the maxinum
amount of menory directly accessible by the computer, only the
upper two address bits (A14 and A15) are required to serect a
particular board. rc G is a dual 2 to 4 decoder that selects
one of four outputs according to the state of A14 and A15. These

' outputs are fed to sw-l, which selects the board through one of
the switches by enabling the input control signals at gates M2,
Ivl10, and N3. This signal is labeled TPl on the schenatic. Tpl

. enables the remaining 2 to 4 decoder of IC G. This decoder se-
lects one of four 4096-word nenory blocks according to address

. bi.ts A12 and A13. thus the upper four address bits select a' single 4K block on a particular 16K card. The renaining twelve
address bits are buffered and inverted through rcs R and T to
select one location within a block.-o

See tining diagram at the end of this section. When the address
(TPl), PSYNC (M1) and D07 (H8) are all true (M13, 2 and 1), Ml2-
K12 cause K9 to go high when Ql goes high at Kll. [During psyNc
and 01,D7 Ls latched on the CPU board and becomes SMEMR on the
systen bus. DOZ is used instead of SMEI,IR at IC K so that the
read status will be valid earlier. ] ltris forces M6 low to par-
tially enable gates F (F3, 6, 9, and 12). One of the four block-
select outputs (G4, 5, 6, ot 7) will be low to cause one of the
gates (F) to go active. This provides a 6 (ctrip select) signal
through IC E to one of the blocks of eight RAlvls for a valid 8-bit
read.

N13 is forced high by M6 to enable data latch IC S at pin 11.
500 nanoseconds after the read sequence begins, Qlagain goes high.
K12 is low at this tine, causing K9 to go back low. Ttris forces
6 back high (to +12 volts) and S11 low, which latches the data
in IC S. It is necessary to latch the data for display when the
computer is stopped. Continued RAI,I selection (CS = low) is un-
desirable, since the Ml"ls consune much nore power when selected.

The CPU requests data by forcing PDBIN high. When PDBIN, SMEMR

-. ^- and TP1 are valid (see above) M8 goes high and L2 low (Tp3) to
J enable the data buss drivers, rc v and w2-3, 4-5 for 500 nanose-

conds (the pulse width of PDBIN). In the stopped mode, the buss
drivers are enabled to display data (PDBIN renains high).

I

o

READ



llllr_t'l'l:

'l'ire MWRITtj si.gn;rl clefines that a memory write i.s E:.rking place.
. This signal is a gating of ffi, the actual write pulse from the

CPU, and OUT, a signal that defines a memory cycle as opposed to
an output operation. This gating takes place on the C/D board
and trfl{RITE is brought out to buss line 68

The MWRITE signal is buffered and inverted through LL3-I2 to N2

and E3. ltlith TP1 valid at N3, N1 goes high, forcing M6 low.
When M6 goes low, CS is forced low as.described in the READ sec-
tion.

Tire R/lV (TP4) signal into the RAMs is forced high by E4 and W14-
13 for write operations. When the conputer is in the run mode,
the write sequence is active for 500 nanoseconds (the pulse-width
of MWRITE). When the comPuter is in the stopped rnode, a front-
panel.deposit occurs for a greater amount of tine, defined by the
C/D board deposit 1ogic.

The data presented by the CPU during a write cycle is buffered/
inverted at IC U and l{5-6, 9-8. 'The data is again inverted with-
in the Ml'ls when accessed during i read so that after two inver-
sions, the written data equals the read data

.POYJER 
SUPPLY

The unregulated +5 and +V voltages are filtered by C2 and C5

and regulated through VR-Z and VR-l to produce regulated +5 volts
and +L2 volts, re.spectively. The -V is filtered by C1, fed through

, R6, a current lfuniting resistor, and regulatbd to'-5 volts by
zener diode Dl.

The renaining .1 pf capacitors are used for noise suppression.
The currents drawn fron these supplies are listed below:

+5 volts ' 4oo nillianps
+12 volts 160 rnilliamps
-5 volts 100 milliamps

-i
v
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READ/WRITE TIMING

iloTE: EACH gTA?E (TtrT8,Tt) lS
APPR OXtIAtLY 600 l|AXO8CCOflO3

ltl
rlt'

I

TPI
(CARO SELECT)

READ

s lrE l|R

'T?2
(iEAO

PDBIX

EIIBL)

TP3(russ ErSL)

WRITE

IWRITE

TP4
(URI?E ENEL)
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PIN I Ptt{ |

T
e'^rrifl

tltllol

Ptt{ |o

INTEGRATED CTRCUITS (IC'S) CAI{ COME WITH A}IY ONE OF, OR A COMBINATION
OF, SEVERAL DIFFERENT MARKINGS. TIIESE TYARKINGS ARE \ERY IMPORTA}IT IN
DETERI4TNTNG fHE coRREcr ORrENTATToN FoR THE rc's wHEN TI{Ey ARE pr,AcED
ON THE PRTNTED CIRCUIT BOARDS. REFER TO THE ABOVE DRAWING TO LOCATE
PIN I oF TnE fC's, THEN USE THIS INFORMATION IN CONJUNCTION WITH THE
INFoRMATToN BELow To PRoPERLY oRTENT EACH Ic FoR TNSTALLATIoN.

TIiE DRAWING ON THE LEFT INDICATES VARTOUS
METHODS USED TO SHOW THE POSITION OF IC's
.ON TTIE P.RINTED CTRCUIT BOARDS. THESE ARE
SILK-SCREENED DIRECTLY ON TIIE BOARD. TiIE
ARROWHEAD INDICATES gHE POSTTION FOR PTN I
WHEN TIIE IC IS INSTAII,ED.

9n

I{ARNTNG: rNcoRtEcrLY ORIENIED rc's I'rAy CAUSE pERMAI{ENT DAMAGE!

T
B

E-[-l
tltlIJ

>FF



PRINTED CiRCUiT BOARD VISUAL INSPECTION

it is reccmrnended that a visual inspec-
tion.of the PC Board(s) in your kit'be
made before beginning the assembly pro-
CeCures

Look for etching "bridges" or etching
"opens" in the printeci-circuit landsl
as shown in the drawings below:

a

Exampi e
E tchi ng

of an
" 9Pen 

,'

lfu Rt.'.ii'.'.'.'......:.i:.:.:.:':'i:.:s,l

Th.is could aiso appear as a
"hairline" cut.

A thorough visual inspection w'ill elim:
inate one possibility for errors, shouid
the board not onerate properly after it
is assernbled. Troubleshooting efforts
n'av then be concentrated elsewhere.

o

o

Exampl e
Etchi ng

9B
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SOCKI|T ANIJ IC INSTALLATION

^ 
There are 32 Z2-pLn sockets to be,t installed on rhe 88-16MCS. Ilefer_
ring t,o the component layout on
this page, note rows A, B, C andD. Install sockets A0-A7, B4-BT,
Cfr-Cl and D0-D7 according to the
following instructions.

1. Be certain that the socket
pins are straight. If any
of the pins are bent, CARE_
FULLY straighten then r{Effi
GTip of i snall screw-
driver.

4. 'l'urn the board ovcr again,
renove the masking tape.

SOCKETS PINS

A0-tz

B0-sz

c9-cz

D9-ot

22

22

22

22

2. Set the socket into place and
secure it with a piece of
nasking tape.

Turn the boarcl over and sol-
der each pin to the foil pat-
tern on the back of the board.
Be sure that EACH pin is soli-.
dered, and be careful not to
leave any solder bridges.

3.

o

0

0
0

0

0
0

:":';:::;i



'l'hcrc is <lttc 24-pirr sockct to be
instirllcd on the other half of the
88-16IUCS. Iteferr.ing to the compo-

nent layout and parts chart below,
install socket rtS't according to the
instructions (stePs 1-4) on the '

preceding page.

SOCKET PINS

24

'l'o. propare thc ICs for instal l;rL ir:rr:
o,

Referring to the conPonent laYout
on the next page, renove the IC witlt
the correct part number from its holder.
If there are any bent pins, straighten
them with a needle-nose pliers. Ensure
that you choose the IC with the correct
part rurmber as you install each one.

'Install the ICs according to the fo1-
lowing proceciure:

1. After the IC is -correctly oriented,
start the pins on one side of the
IC into their resPective holes on

' the silk-screened side of the PC

board. D0 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 then.

2. Start the pins on the other sicle
of the IC into their holes in the
'same manner. When all of the pins I
have been started, set the IC into v
place.by gently rocking it back and,
forth until it rests as closelY as
possible to the board. After You
are certain tirat the IC is perfectly
straight, tape it in Place with .a
piece of masking taPe

3. 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.

Turn the board over again, and
remove the piece of nasking taPe.

After each IC is installed, check
the corresponding part off of the
list'provided on the next page.

{:

"HOfr*

tl iJH

F-l

oil

r
ffi

Thirteen
N, R, T,
directly

(E, F,' G,
V, W) will
the board.

K, L, I'I
soldered

A

5.

LI
,L'

be
ICs
U,
to

1l

. NOTE

The 35 sockets You have just
inst,allecl are Provided for
static-sensitive ICs. D0 NoT

INSTALL the corresPonding ICs

TIFTT Bg-87, c9-c7, D9-D7,
S) until after the entire
board is assembled.
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ICs

Designation Nunber

()

()

()

E

F

G

H

l\

L

M

N

R

T

U

V*

w*

()

()

()

()

()

()

()

()

r\

()

7406

74L02

741S139
or 93L2L

74L04

74L574

74L04

74L527

7402

74L04

74L04

74L04

8T97

8T97

*Note that ICs rrvrr and |tWrr, 8T97
nay be substituted with a 74367
or 8097 chip.



i us. fq:!gj.!_I ry 
s''4]:l,NLIq-

'l'ircrc urc six rcsistors (Rl , p'2,
R3, Itd, Ii5, Rb) to be installed
on tire 88-16lvlcD.

NOTE

Resistors are color-coded
according to their value.
The resistors in your kit
will have four bands.of
color. The fourth band in
both cases will be gold or
silver, inclicating the tol-
erance. In the following'
instruc-iions, only the 3
bands of r:olor to one side
of tire gold or silver band
are significant. Be sure
*-o match these three bands
of color rr'ith those called
for in the instructions as
vou install each resistor.

Itefer to the component .layout and
the parts list on this page, and
install the resistors according
to the following procedure:

Ilatch the color bands desig-
nated on the parts chart with
tire resistor posit,ion indica-
tecl by tire conponent layout.

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

Insert the resistor into the
correct holes frorn the silk-
screerreci side of the board.
Pusir the resistor down until
it touches the foil Pattern.

Holcling the resistor in place,
turn tire board over and bend'
the leacis slightly outward.

)

5. Solder tlre tlo leads to the foil
pattern on the back side of the
6oircl. Clip off an)' excess lead.
lengths, and save them for hard-

' wire conneciions to be nade later.

After making sure that there are
no soLder bridges, check the
resistor off of the parts list.

RESISTORS

6.

()

()

()

()

()

R1, orange-orange-brown,

R2, orange-orange-b:rown,

R3, orange-orange-brown,

R4,' orange-orange-brown,

R5, orange-orange-brown,

( ) R6, brown-black-brown, ZW

rl4

r/!
r/4

r/4

r/4

or

or

or

or

L/?w

L/2w

Ll zht

L/2W

r/2w

o

2.

J.

RESISTOR
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CAPAC ITOR INSTALLATION

There arc 34 .1 mf ceramic disk capa-
citors to be installed on the left-hand
side of the PC board. The silk screen
designations appear on the board as
follows:O * These capacitors are
not numbered. Referring to the
component layout on this page, install
the cexamic disk capacitors according
to the instnrctions below:

1. Using needle-nose pliers, straigh-
ten the two leads as necessary to' fit'their respective holes on the
board.

Ignore dots that appear on silk-
screen designation.

Insert the capacitor into .the cor-
rect lroles from tire silk-screened
side of the board. Push the capa-
citor down until the ceramic insu-
lation alnost touches the foil
pattern.

Holding'the capacitor in place,
turn the board over and bend the
two leads slightly outward. So1-
der the leads to the foil pattern
and clip off any excess lead lengths.

w0

?

5.

fDc
'ffiw0,wo

0
0

0

0
0

14



o
There are 15 . l mf ceramic rlisk capa-
citors to be installed on the 88-161{CS.
Three of the ceramic disk capacitors
are nunbered, C5, C4 and C6. The other
twelve capacitors are narked only by the
following designation: C
Referring to the component layout on
this page, install the ceranic disk ca-
pacitors according to the instructions
(steps 1, 2 and 3) on the preceding
page.

vol
,@r

w

@
I

offi
I

R6

'@0
nK(_L@ ++

L ^ R 5m

ry0@0@
c6

o

15
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U
There are three 33 mf electrolytic ca-
pacitors to.be installed on the 88-16MCS.

The polarity markings of each electro-
lytic capacitor will appear as one of
the following tYPes:

ELECTROTYTIC
CAPACITOR

ELECTROLYTIC
CAPACITOR

Referring to the comPonent laYout
and the parts chart on this paBe,
install each electrolytic capacitor
as follows:

1. Bend the two leads of the caPa-
citor at right angles to natch
their respective holes on the
board. Insert the caPacitor
into the holes on the silk-
screened side of the board.
Be sure to orient the caPacitor
correctJ.y

Holding the capacitor in p1ace,
turn the board over and bend the
two leads slightly outward. Sol-
der the two leads to the foil pat-
tern, and clip off any excess
lead lengths.

After making sure that there are
no solcler bridges, check each
electrolytic capacitor off of the
parts list as you instal'l it.

ELECTROLYTIC CAPACITORS

( ) CI, 33mf at l6V

( ) Czl 33mf at 16V

( ) CS, gsmf at 16V

2

3.

If the marking is the axrow tYPe, a

negative sign will apPear in the tip
of the arrow. Orient the caPacitor
so that the arrow points to the nega-
tive polaritY side. If the narking
is onl of the other two tYPes, orient
the capacitor so that the Positive'signs natch the positive polarity
side. Polarity is designated on the
silk-screened side of the board'

vO
F

w,ry
U

F
(D

a

+
Gto
.n 

Ei+r:.

! g.[#
R6

0

16



DiODE iNSTALLATION

There is one S-volt zener diode
(siIk-screen designation, D1) to
be installed on the 88-16MCS.

NOTE I
Diodes are marked with a
band to indicate.the cathode
end. The diode nust be .ori-
en,ted so that the banded end
corresponds with the band
printed on the 88-16MCS.
Failure to orient diodes

er-
menent danage to your unit.

Referring to the comPonent laYout
on this Page, install the S-volt
zener diode according to the fol-
lowing instruc.tions.

1. Send tlie leads of the diode at
right angles to match the cor-
rect holes on the board.

2. Be certain that the banded end
of the diode natches the band
on the silk-screened side of the

. board.

DIODE

Insert the diocle into tl-re'correct a
holes from the silk-screened side =of the board. Turn the board over,
and bend the leads slightly out-
ward.

Solder the two leads to the foil
pattern on the back side of the
board. Clip off any excess lead
lengths.

3.

4.

U

,@
(@

+
@.5

'w,

,@

$$
R6 F%
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VOLTAGL I{LCULATOR INSTALLATION

'l'irerc al.c two voltage regulatorst to 3.
be installed on the 88-I6MCS.

Referring to the parts chart and the
componeut layout on this page, install
the voltage regulator according to the
following instructions.

t. Set the voltage regulator in
place on the board and align the
mounting holes. (See drawing
be1ow. )

g---e-SZx k+"

a
I

2. i.is-e a pencil to mark the point
on each of the'three leads where
they line up with their respective
holes on the board.

4.

Using nccdlc-nosc 1ll icrs, Ircnrl
each of thc tlrrcc leilds itt u
right angle at the points-wlrere
you macle the pencil marks.

NOTE
Use heat-sink grease when
when installing this compo-
nent. Apply the grease to
all surfaces which come in
contact with each other.

Referring to the preceding draw-
ing, set the regulator and heat
sink in place on the silk-screenecl
side of the board. Secure the
regulator and heat-sink as shown
by the drawing, holding the re-
gulator in place as you tighten
the nut.

Turn the board over and solder
the three leads to the foil pat-
terrr on the back side of the
board. Be sure not to leave any
solder bridges.

Clip off any excess lead lengths.

5.

6.

t{

E
(D,

't8

VOLTAGE REGULATORS

VRl, 12 volts; 78L2

VR2, 5 volts, 7B05



ADIJRLSS SWITCII INSTALLATION

There is one address litre switch to
be installed on the 88-161'1CS.

Referring to the comf,orrent layout on
tiris page, install the address switch
according to the following procedure.

1. Remove thb switch fron its holder.
If tirere are 4ny bent pins, straigh-
ten them with a needle-nose pliers.

2. 0rient the swit,ch so. that the nun-
. bers 1, 2, 3 and 4 on the switch

line up directly under the corres-
ponding 1, 2, 3 and 4 printed on
on the board silk-screen. Note
the following illustration.

Start the pins on one side of the
switch into their respective holes
on tire silk-screened side of the
board. D0 NOT PUSH TFIE PINS IN
ALL TltE WAY. . If you have difficul-
ty getting the pins into the holes
use the tip of a snall screwdriver
to guide them.

4. Start the pins on the other sicle
of the switcir into tireir holes in
tite same manner. lVireir aII of the
pins have been start,ed, set the
IC into place by gently rocking
it back anci forth until it rests
as closely to the board as pos-
sibIe. After you are certa-in
that the switch is straight, taPeit in piace 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
br.idges

6. Turn the board over again, and
renove the piece of masking tape.

,.." ffi
u l-l sw-r H

3,€iF,mg

)

J.

t9
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ICs
and

IC ANIJ IJOARD INSI'ALLATION

A9-A7, B0-87, C0-C7, D0-D7
S shoulcl be installed now.

Review the I'M0S IC SPecial l{an-
dling Proceduresrt on Page 5 of
the ALTAIR 8800 AssemblY Manual.
Note, failure to carefullY follow
the instructions of the 'rlvlOS Spe-
cial Handling Procedures" naY
result in pe:manent danage to
static-sensitive ICs.

Insert the ICs into their sockets
on the S8-16MCS. Handle the ICs
carefully, and use as Iittle Pres-
sure as possible when inserting the
ICs. Note that ICs A0-A7, B0-87,
Cp-C7 artd D0-D7 are 4200s and that
the number for IC S is 8212-

Install the edge connector'provided
with the board according to the pro-
cedure described on Page 64 in the
assenbly manual "EXPAIIDHR BOARD

8800 M/BD ASSEMBI-:Y!i. t.

Press the 88-I6MCS into the edge con-
nector. The board should be oriented
so that the silk-screened side faces
the right side of the unit viewed fron
the front Panel.

BOARD SULICTION

Note that the total amount of memory
for the 8800 is obtained with four
88-16MCS boards. The four-position
switch identifies board selection.
0n1y one of the four switches is
used to select a board. The following
chart indicates which boaid to select"
for the nemory location you want.

1.

2.

o
20

4-Position Switch Menory Location

I
2
J
4

0-1.5K
16-31K
32-47K
48-64K
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