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MITS, Inc. 1976 -

PRELIMINARY DOCUMENTATION RELEASE

This manual is incomplete in its present form. This
pPage and an additional section will be sent to you
within a short period for insertion.

This documentation contains the entire assembly and
check-out information for both the disk controller
and drive units. The Theory of Operation and some
additional information will be in the insertation.
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"DRIVE & CONTROLLER - HARDWARE DOCUMENTATION
March 1976

THE FOLLOWING CHANGES HAVE BEEN MADE TO THE ABOVE
TITLED MANUAL ON THE PAGES INDICATED.

PAGE 32: No heat-sink should be used for either X1 or X3. Mount both
of these regulators directly to the board.

PAGE 95: Use a length of wire and connect the two pads labeled +8V to-
gether along the bottom edge of the board.

IT IS GENERALLY A GOOD IDEA TO GO THROUGH
YOUR MANUAL AND MARK THESE CHANGES ON THE
PAGES INDICATED BEFORE BEGINNING THE ACTUAL
PROCESS OF ASSEMBLING YOUR UNIT.

MITS, Inc.
3/16/76



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 camponents may cause permanent
damage to the camponent 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
asseambly 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.
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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!

C 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
8 — WHEN THE IC IS INSTALLED.

ym
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IC Installation

All ICs must be oriented so that the 4.
notched end is toward the end with

the arrowhead printed on the PC board.

Pin 1 of the IC should correspond with 5.
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: 6.
All ICs are damaged easily and should be
handled carefully — especially 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 fram 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.

ll. Orient the IC so that Pin 1 coincides
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 board.

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.

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

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

Turn the board over again and remove
the piece of masking tape.



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: In 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 below,
.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 sil-
ver band denotes the 10% tolerance.

Use this process to chose the correct
resistor called for in the manual.

2ND BAND
VIOLET

IST BAND
RED

4TH BAND
SILVER

3RD BAND
YELLOW

Use the following procedure to install

RESISTOR COLOR CODES

BANDS 3rd BAND

COLOR 182  (Multiplier)
Black 0 1
Brown 1 10

Red 2 102
Orange 3 103
Yellow 4 10"
Green 5 10°
Blue 6 106
Violet 7 107
Gray 8 108
White 9 109

the resistors onto the boards. Make
sure the colored bands on each 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.

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

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

4. 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 and Tantalum Capacitors

Polarity requirements must be noted on

the electrolytic capacitors and the tan—

talum capacitor 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

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.

The tantalum capacitor is metallic in
appearance and smaller than the elec-

trolytic capacitors. Its positive end

has a plus sign on it or a red dot.

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

1. Bend the two leads of the capacitor
at right angles to match their re-
spective holes on the board. Insert
the capacitor into the holes on the
silk-screened side of the board. Be
sure to align the positive polarity
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. Insert the capacitor into the cor-
rect holes from the silk-screened
side of the board. Push the capaci-
tor down until the ceramic insula-
tion 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 lead

lengths.



Transistor Installation

To install transistors, use the foll-
owing instructions.

NOTE: Always check the part number of
each transistor before you install it.
(See listing of Transistor Part Numbers
for each board.) Same transistors look
identical but differ in electrical char-
acteristics, according to part number.
If you have received substitute part
numbers for the transistors in you kit,
check the Transistor Identification
Chart which follows these instructions
to be sure you make the correct sub—
stitutions.

NOTE: Always make sure the transistor
is oriented so that the emitter lead is
installed in the hole on the PC board
labeled with an "E." To determine
which lead is the emitter lead, refer to
the Transistor Identification Chart.

1. After the correct transistor has
been selected and the leads have
been properly oriented, insert the
transistor into the holes on the
silk-screened side of the board.

2. Holding the transistor in place,
turn the board over and bend the
three leads slightly outward.

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

Diode Installation

NOTE: Diodes are marked with a band on
one end indicating the cathode end.

Each diode must be installed so that

the end with the band is oriented towards
the band printed on the PC board. Fail-
ure to orient the diodes correctly may
result in permanent damage to your unit.

Use the following procedure to install
diodes onto the board. Refer to the list
of Diode Part Numbers included for each
board to make sure you install the correct
diode each time.

1. Bend the leads of the diode at right
angles to match their respective
holes on the board.

2. Insert the diode into the correct
holes on the silk screen, making
sure the cathode end is properly
oriented. Turn the board over and
bend the leads slightly outward.

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



TRANSISTOR IDENTIFICATION CHART
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IN THE TLLUSTRATION ABOVE THE OUTLINE OF EACH TYPE OF TRANSISTOR IS
SHOWN OVER THE PADS ON THE CIRCUIT BOARD WITH THE CORRECT DESIGNATION
FOR EACH OF THE THREE LEADS. USE THIS INFORMATION TOGETHER WITH THE
INFORMATION IN THE ASSEMBLY MANUAL FOR THE CORRECT ORIENTATION OF THE
TRANSISTORS AS YOU INSTALL THEM.

THE FOLLOWING IS A LIST OF POSSIBLE SUBSTITUTIONS: IF ANY OTHERS ARE
USED YOU WILL RISK DAMAGING YOUR UNIT:
2N4410 = EN4410 = CS4410 = CS4437, CS4438, TIS98, ST98, S38473 (iPN)
EN2907 = 2N2907 = PN2907 = ST2907, CS4439 (PNP)
WHEN MAKING SUBSTITUTIONS, REFER TO THE ILLUSTRATION TO DETERMINE THE
CORRECT ORIENTATION FOR THE THREE LEADS.

*Configuration of the leads on EN2907 may vary.
8



disk drive assembly procedure



CAGE TOP . REMOVAL

Remove the top from the Disk Drive case
by withdrawing the two screws indicated
in the drawing below. Slide the case
top backwards, lifting the back slightly,
to remove it entirely from the chassis.

Also remove the 4 screws in the side of
the case bottom, and remove the entire
chassis assembly.

/ BACK-PANEL

(2)%6-32 SCREWS

11




DISK DRIVE BACK PANEL ASSEMBLY

Remove the back panel from the case by
withdrawing each of the four screws in
the corners of the panel. These four
screws are shown inserted in the draw-
ing below.

Save these four screws for remounting
the back panel later in the assembly
procedure.

12



Terminal Block Installation

Mount the terminal block to the back panel
as shown in the drawing below. Use the
screw sizes and other hardware indicated
in the drawing.

NOTE: Be sure that the back panel is
oriented as shown; be careful
not to mount the terminal block
on the wrong side of the panel.

Tighten all four screws firmly into place.

(4)¥6-32x 5/8"
SCREWS

TERMINAL
BLOCK

(4)"6 LOCKWASHERS

BACK PANEL
(4)"6-32NUTS

13



Transformer Installation

There are two transformers included in
this kit. The larger of the two will be
refered to as Tl, the smaller as T2.

- Wire Preparation Mounting

Before mounting these transformers, the Refering to the drawings following the

wires must be cut to the proper length "Transformer Wire Preparation" drawing,

and screw-mount crimp terminals attached mount transformers Tl & T2 to the back

to each of them. There are also three panel.

wires which will not be used at all, and

will be cut off at the transformer coil. NOTE: For proper orientation, transformer
Tl should have the two yellow wires

Refering to the drawing on the opposite towards the top of the panel (with

page, cut the wires on transformers Tl reference to the drawings), and T2

and T2 to the lengths indicated. The should have the two black wires to-

three unused wires should be cut off at wards the top of the panel.

the point where they enter the trans-

former coil itself. Be sure to install a terminal lug
on transformer Tl as shown in the

Next, as indicated in the bottom of the drawing. This is a solder type

drawing, strip exactly 1/2" of insula- lug, and not the screw-mount type

tion from each of the eleven wires and used for the transformer wires.

bend the exposed portion in half to 1/4".
Use the hardware indicated in the drawings
There are several screw-mount crimp ter- to mount the transformers and tighten the
minals included with this kit. These screws firmly into place.
have a slot in one end and an insulated
portion on the other end (usually red)
for attaching wires. One of these crimp
terminals must be attached to each of
the eleven transformer wires.

Insert one of the wires into one of the

terminals as shown in the drawing. Push

the wire in as far as it will go without

distorting it or pushing it all the way

through. NOTE: Save all wires that you cut off
for later use.

The wire should then be permanently con-

nected to the terminal by either soldering

it in place or crimping. To crimp the

terminal use a crimping tool, if avail-

able, or else flatten the insulated por-

tion of the terminal as tightly as possible

using pliers.

Prepare each of the eleven transformer
wires in the above manner.

14
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BACK PANEL

(2)%e-32x172 "
SCREWS

TERMINAL
LUG

(3)"6 LOCKWASHERS
(2)¥6-32 NUTS

| e I
(2)¥6-32x1/2" /"\* ﬂ” >
SCREWS @\‘\/7 d\'z o6
> T2
’ (4)"6 LOCKWASHERS

(2)¥6-32 NUTS

) BACK PANEL
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Fuse Holder Installation

Refering to the drawing below, mount the
fuse holder to the back panel using the
rubber washer and nut provided. Tighten
it firmly into place.

Remove the cap and place the fuse provided
with your kit into the holder, then replace
the cap.

BACK PANEL

FUSE HOLDER

RUBBER
WASHER

17



90° ANGLE CLIP INSTALLATION

The drawing below illustrates the hard-
ware and orientation for mounting the
90° angle clip included with this kit.

NOTE: One side of the clip is slightly
shorter than the other. The
shorter side should be mounted
against the back panel with the
longer side extending at 90°.

Install the clip as shown below and tighten
the screws firmly into place. Be sure that
clip remains "square" with the panel when
tightening the screws.

BACK PANEL

He-32x3/8"
SCREW

#%-32 NUT

(4)"6 LOCKWASHER
He-32 NUT

ANGLE CLIP

*6-32x3/8"
SCREW

18



I'an Installation

Before the cooling fan is installed onto
the back panel, two lengths of wire must
be prepared and connected to it.

There is some black wire included with
the kit; cut two 6 1/2 inch lengths of
this wire. Strip 1/2 inch of insulation
from one end of each of the wires, and
1/4 inch of insulation from the other.

In the same manner as described on page

, attach a screw-mount crimp terminal
to the 1/2" stripped end of each of the
two wires. Tin the 1/4" stripped ends
of the wires by applying a thin coat of
solder.

There are two terminals on the fan in one
of the corners. Solder the ends of the
two wires opposite the crimp terminals to
the terminals on the fan.

SCREWS

BACK PANEL

(4)"6 FLATWASHERS
(4)"6 LOCKWASHERS

@) ¥e-32 NUTS

Refering to the drawing below, mount the
fan and screen to the back panel using
the hardware indicated. For proper
orientation, the terminals with the two
wires attached should be towards the
bottom on the side nearest the terminal
block. The arrow printed on the fan

to indicate airflow should be facing
towards the screen. The screen itself
has a bump on one side in each of the
four corners. The side with the bumps
should be towards the fan.

(4W§-32X2"FLATHEAD

(4) CLIP-ON NUTS

PROTECTIVE




Power Cord Installation

There is a 3-wire power cord included with
this kit which must be prepared as follows
before installation.

1) Strip 4" of the cord casing from the
wires by cutting a circle 4" from the
end and pulling off the black insula-
tion. Be careful not to cut into the
insulation on any of the wires inside.

2) The green wire inside should already
be at the correct length of 4 inches.
Cut the white wire to 3 1/2 inches,
and the black wire to 1 1/4 inches.
Strip 1/4 inch of insulation from the
ends of each of the three wires.

3) Tin the exposed 1/4" of the black
wire by applying a thin coat of
solder.

4) Solder or crimp screw-mount crimp
terminals to the white and green
wires.

BACK PANEL

STRAIN
RELIEF

LINE CORD

20

Place the strain relief, included with
the kit, over the power cord. Be sure
that the larger diameter end of the
relief is towards the male plug end of
the cord.

Be sure that there is approximately three
inches of the cord's black insulation
case extending beyond the strain relief*,
then snap it into place on the back panel
as shown below.

* The black wire should reach to the
center of the fuse holder when the
cord & strain relief are in place.




Wirce Preparation

Using the wire supplied with this kif,

and the length of yellow/green wire cut
from transformer T1l, prepare the power

supply interconnect wires according to

the following instructions.

To avoid confusion, it would be best to
prepare these wires one at a time.

The list on the right indicates the color
of each wire, the length to which it
should be cut, and a reference "tag".

Use the following steps to prepare each
wire:

1) Cut the specified color wire to the
length indicated.

2) Strip 1/2 inch of insulation from
one end and 1/4 inch from the other.

3) Tin the wire exposed 1/4 inch by ap-
plying a thin coat of solder.

4) According to the instructions on
page , connect a screw-mount
crimp terminal to the 1/2 inch
stripped end.

5) Approximately 5 inches from the 1/4
inch tinned end of the wire label it,
using masking tape, with the refer-
ence tag indicated.

An additional length of BLACK wire should
be cut to 22 1/2 inches and 1/4 inch of
insulation stripped from each end. Tin

both ends by applying a thin coat of solder.

Label this wire "FUSE".

21

Interconnect Wires

COLOR LENGTH
Yellow/ 2
Green*

Black 22 3/4
Black 17 3/4
Black 17 1/2
Black 25
White 18
White 17 3/4
Orange 17 3/4
Orange 18 1/2
Orange 18 1/4

*From transformer T1,
This wire need not be

labeled.

inches



Back Panel Wiring

The disk back panel assembly may now be
completed by connecting all of the wires
to their appropriate locations.

(See drawing page 23)

Three solder connections are necessary
and should be made first. These in-
clude the black power cord wire, the
yellow/green wire and the black 22 1/2
inch wire labeled "FUSE".

1) Solder the 1/4 inch tinned end of the
yellow/green wire to the solder lug
on transformer Tl.

2). Solder the black power cord wire to

/ the center terminal on the fuse
holder.

3) Solder one end of the black "FUSE"

wire to the other fuse holder ter-
minal.

The remaining connections will be made to
the terminal block.

The drawing (P.23) shows the proper orienta-
tion and connections for all of the wires
on the back panel. The "tags" on the wires
you prepared earlier refer to the numbers
shown on the terminal block.

The power supply is a critical
part of any electronic system.
Check the wiring here several
times to be sure you have it
correct. Be sure that each of
the wires is in the proper loca-
tion and that all of the screws
on the terminal block are tight.

WARNING:

22

Use the drawing below for reference and
connect all of the wires as indicated.
Match the "tags" on the wires prepared
earlier with the numbered positions on
the terminal block. There should be

a total of 25 crimp terminal connections
made to the block. '

Where two terminals are to be con-
nected to the same screw, place
them "back to back". 1In this posi-
tion they will fit flat together,
and make a much more solid connec-
tion.

NOTE :

The ON-OFF SWitch may also be soldered in
at this time. Use the free end of the
black "FUSE" wire and the free end of the
wire labeled "1" to connect to the switch
terminals. There are three terminals on
the switch. Use the center terminal and
one to either side of it. (The switch
position towards the side where the con-
nections are made will be its OFF position

Install the 4 tie wraps in the posi-
tions shown in the top drawing on
page 23.
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DISK POWER SUPPLY BOARD ASSEMBLY

NOTE: Save all component leads clipped
off during assembly until the
entire unit is complete. Some
of the leads will be used durlng
the assembly process.

RESISTOR INSTALLATION

Install the following 2 resistors
according to the instructions listed

on page § .

RESISTOR VALUES AND COLOR CODES

Rl is 33 ohm (orange-orange-
black) 1/2 W

(;N R2 is 7.5 ohm, 5 W (this may
be color coded, violet-green-
3rd band white or gold; or it
may be a solid body color, with
the value printed directly on
the resistor itself.

24
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CAPACITOR INSTALLATION

Install the following 3 ceramic
disk capacitors according to the
instructions on page b .

CAPACITOR VALUES

() c2 = .luf, 50V
() C5 = .luf, 50V
() C8 = .1luf, 50V
| I
MITS 1 O |}
DISK POWER SUPPLY { j ®)
T ]
|
| ' ‘
L M0
I+ c2

7
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CAPACITOR INSTALLATION

Install the following 6 electrolytic
capacitors according to the instruc-
tions listed on page § .

CAPACITOR VALUES

() Cl1 = 2200uf, 50V
() c3 = 33uf, S0V
( ) C4 = 3300uf, 16V
() c6 = 33uf, 50V
( ) C7 = 10Q0uf, 25V

() C9 = 33uf, 50v

28
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DIODE INSTALLATION

Install the following 2 diodes
according to the instructions

on page ] .

—
MITS l o !
DISK POWER SUPPLY | 1|

( ) D1 = 1N4004

( ) D2 = 1N4004

| +
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VOLTAGE REGULATOR INSTALLATION

There are 2 voltage regulators to be
installed on the silk-screened side of \ 5
the power supply board, X1 & X3. e tlo Hestmaes

These are to be installed according
to the following procedure. (see
drawing-right)

(1) Set the regulator in place
over the board so that the
mounting hole in the regqu-
lator 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
it to the surface where the reg-
ulator & board come in contact.

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

(5) Turn the board over and solder ¥e-32
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.

Lue the above procedure to install both
of the regulators, X1 & X3.

32



VOLTAGE REGULATOR INSTALLATION

T&) X1 = 7824
(><X X3 = 7805

]

MITS
DISK POWER SUPPLY

F-

(]

E o
L--

Xl

cal+ ce+ Crl+

O O O O O O O




BRIDGE RECTIFIER INSTALLATION

There are two bridge rectifiers, BRI
& BR2, to be installed on the power
supply board.

WARNING: Read the following: instruc-
tions closely. Proper
orientation of these two
components is absolutely
critical.

These two components are indicated on
the silk-screen by broken lines. This
is to indicate that they are to be
mounted on the bottom (non-silk-
screened) side of the board.

You will observe-a "+" sign printed
near one corner of the rectifier.
The lead nearest this "+" sign is
the positive lead of the rectifier.
This lead must be inserted into the
hole marked on the silk-screen with
a_"+' sign.
NOTE: There is also a "-" sign
printed on the regulator.
The lead nearest this sign is
the negative lead of the recti-
fier, and should be diagonally

opposite the "+" lead on the board.

BE ABSOLUTELY SURE THAT THE PROPER
ORIENTATION IS USED WHEN INSTALLING
THESE TWO COMPONENTS.

Install the rectifiers according to the

following procedure:

(1) Insert the four leads of the
BR1 rectifier into their res-
pective holes from the non-
silk-screened side of the
board. Be sure the "+" lead
of the rectifier is inserted

in the hole labeled "+" on the

silk-screened side of the
board.

(2) Insert the BR2 rectifier in the
same manner. Be sure both recti-
fiers are pushed all the way
against the board.

(3) There is a 90° angle bracket
included with your parts. Each
of the two sides has two holes
in it.

Using the side with the two holes
the furthest apart, set the angle
bracket over the two rectifiers.
The holes in the bracket, the rec-
tifiers, and the board should ’
align.

Temporarily attach the bracket &
rectifiers to the board through
these holes using #6-32 & 5/8"
screws and nuts.

"(4) Check the orientation once more,

then solder all four leads of each
rectifier to the board on the
silk-screened side.

(5) Clip off any excess lead lengths.
Leave the angle bracket in place
for the next procedure.

NOTE: Apply heat-sink compound to
all mating surfaces.



BRIDGE RECTIFIER INSTALLATION

M BR1 = VJ048

f\)gakz = VJ048

O O O O




DISK BUFFER BOARD
ASSEMBLY

r
IC INSTALLATION O
O
Install the follow-
ing 7 ICs onto the
Disk Buffer Board O
according to the
method described on :
page 4 . ®)
O
@)
O
IC SILK-SCREEN
DESIGNATIONS AND O
PART NUMBERS
3626) O
A, B, D, & E = 8'197
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RESISTOR INSTALLATION

Install the following 39 resistors
according to the instructions listed

on page 9 .

RESISTOR VALUES AND COLOR CODES

7 R9, R7, R5 are 220 ohm
’ (red-red-brown) 1/2 W

}é\mo, R8, R6 are 330 ohm
(orange—orange-brown) 1/2 W

' R12, R14, R16 are 330 olm
(orange-orange-brown) 1/2 W

(X R11l, R13, R15 are 220 ohm
(red~-red-brown) 1/2 W

R33 is 220 olm
(red-red-brown) 1/2 W

PE r34 is 330 om
(orange—orange-brown) 1/2 W

R31l, R29, R27, R25 are 220 ohm

red-red-brown) 1/2 W

Wz, R30, R28, R26 are 330 ohm

(orange-orange-brown) 1/2 W

R36, R35, R37 are 150 ohm
(brown—green-brown) 1/4 W

38

oy
T% R40 is 336-olm
(orange-orange-brown) 1/2 W

(7§'\R39 is /2135) olm

(red-red-brown) 1/2 W

("}/@38 is 1K ohm

(brown-black-red) 1/2 W

(><R41 is 39K olm

(orange-white-orange) 1/2 W

( 0, R22, R24 are 330 ohm
(orange-orange-brown) 1/2 W

R19, R21, R23 are 220 olm
(red-red-brown) 1/2 W

( NB4 & R18 are 330 ohm
(orange-orange-brown) 1/2 W

i>),\$3 &'R17 are 220 obm
red-red-brown) 1/2 W



Insert Page

[ALTAIR FLOPPY DISK]

Disk Drive Assembly Procedure

Resistor Value Changes, page 38

R39 should be 330 ohms
R40 should be 220 ohms

MITS, Inc.
August, 1976
38a
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CAPACITOR INSTALLATION

Capacitor Cl4 is an electrolytic
capacitor. Capacitors C10, Cl1, Cl2,
and Cl13 are ceramic disk capacitors.

Install these camponents according
to the instructions listed on page § .

CAPACTITOR VALUES

( Different voltages may be sub-
stituted in same cases.)

%) Cl4 = 500 uf, 25V electrolytic

) C10, Cl1, Cl12 & Cl1l3 are .l uf,
12V ceramic disks.
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DISK DRIVE RIBBON CABLE ASSEMBLY

Ribbon Cable Preparation

There are three ribbon cable as-
semblies to be prepared for installa-
tion in the disk drive unit. A 12'
length of 18-twisted pairs cable has
been provided for this purpose.

First, cut the 12' length of
cable into two 18-inch lengths and
one 25-inch length. The remainder of
the cable should be saved for later
use.

The following two pages contain
diagrams for the proper lengths and
arrangement for the three cable pieces
you have just cut. The two 18" lengths
will be prepared identically.

The cable sheath itself may be cut
using scissors, and can be stripped by
simply pulling it apart. You will note
that the plastic sheath has '"welds" ap-
proximately every inch between the twist-
‘ed pairs. Try not to make any cuts on
the welds themselves.

Each time a 1/4" of insulation is
stripped from the wires themselves, the
bare ends should be tinned by applying
a thin coat of solder.

Study the diagrams on the next two
pages and prepare the three cable as-
semblies as shown. Be careful to cut
the wires precisely as indicated, and
do not damage the wire insulation when
cutting the cable sheath.

4
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14"

18 INCH RIBBON CABLES

CUT TO 2" :

STRIP 1/8" & TIN
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STEP CASING EVENLY
APPROX. EVERY INCH

\\\N cuT TO 2"

—

/ STRIP 1/4" & TIN




25 INCH RIBBON CABLE

CUT TO 5" : STRIP 1/2" & TIN
4 PAIR .
Y ‘ CUT TO 2" : STRIP 1/4" & TIN
| ‘__//\
| //f:_
) 1 | T T T )}
f T | !
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2 1 I
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6" : . | lon
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Pr. # : ' \
1 2 PAIR
1 10" '
2 10"
3 gn L 2 PAIR
4 8" i
5 7" |
6 8"
7 gn — .2 PAIR
[1]
STRIP 1/4" & TIN | ' 5 PAIR
2 PAIR
4
1 PAIR ’//
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STEP CASING EVENLY
APPROXIMATELY 1 1/2"

STEPS

CUT TO 2 1/4"
STRIP 1/4" & TIN



There are several 37-pin connectors in
this kit. Onc male connector and one
female connector will be used now to
connect onto one end of each of the two
18 inch lengths of ribbon cable that ..
you have just prepared. The other end
of the two cables will connect directly
to the Disk Buffer board.

Connector Preparation

The two 37-pin connectors must first be
prepared for attaching to the cables.
It may be helpful to solidly mount the
connectors to some steady object dur-
ing this and the following procedures.

1) Place the connector in front of
you with the hollow solder pins
facing upwards.

2) Using your soldering iron, very

carefully heat each pin one at a

time and fill the hollow space

with solder. The solder should
not quite fill the pin and should
have a slightly concave surface.

Prepare all 37 pins on one male and one
female connector in this manner. Be
sure not to leave any solder bridges
between the pins, and be careful not

to melt any of the nylon insulation
around them.

WARNING

During the following procedure, and
later steps involving ribbon cable,
be sure that you fully understand
all of the instructions before you
begin. These points are the most
likely areas for assembly errors to
occur.

Cable Assembly

The following procedure should be used
for assembling both of the 18 inch
cables. In order to minimize the pos-
sibility of error, the cables will be
attached to the 37-pin connectors and
the Disk Buffer board during the same
procedure. Read this entire procedure
over carefully before beginning.

41

You will note that the pins on the 37-pin
connectors are all numbered. Note also
that the numbers on the male connector
are the reverse of the female. The male
connector will be wired to the rows of
pads on the buffer board labeled "TO".
The female connector will be wired to
the rows of pads labeled "FROM". The
numbers on the connector pins corre-
spond directly with the numbers that
label the pads on the buffer board.

The following pages contain drawings of
both the 37-pin connectors, and the Disk
Buffer board silk-screen. There is a
space provided to "check-off" each of
the twisted-pair wires as they are con-
nected. Double arrows are also shown

to indicate the connection points for
each of the twisted-pairs.

Orient one of the 18 inch cables so that
the "stepped" edge of the cable casing

is along the rows of pads on the buffer
board labeled "TO". The longest wires
should be near the pads labeled "19 & 37"
and the shortest wires near the pads
labeled "1 & 20". Place the MALE 37-pin
connector near the other end of the
cable.

Begin with the shortest twisted-pair of
wires, nearest the outside edge of the
cable casing, on the buffer board end.

Separate the two wires slightly, then
solder them into the two pads labeled
"l & 20" on the buffer board. Do this
by inserting the wires from the silk-
screened side of the board and solder-
ing them on the back. Be careful not
to push any of the wire insulation
into the holes. Clip off any excess
wire from the connections and then
check-off the appropriate space on the
silk-screen drawing.



The same twisted-pair of wires should
now be connected to the pins numbered
"l & 20" on the 37-pin connector.

Observe the color of the wire now con-
nected to the pad on the buffer board
labeled "1". Be sure to connect this
same wire to the pin numbered "1" on
the connector. Do the same with pad
"20" and pin "20".

Make the connections by re-melting the
solder in the pins and inserting the
wires up to their insulation. Remove
the heat from the pins while still
holding the wires in place until the
solder cools. Check-off the appropri-
ate space on the connector drawing.

Move to the next twisted-pair of wires
in the ribbon cable and use the same
procedure to connect pads "2 & 21" with
pins "2 & 21". Continue in this manner,
moving across the ribbon cable one pair
at a time, until all 18 twisted-pairs
are in place. Be sure that you do not
connect any wires to pin "12" on the
connector.

NOTE :

Take your time and be careful
while soldering the wires to

the connectors. Do not melt

any of the wire insulation or
leave any solder bridges.

Check your work as you go along
and be sure that 1 is connected
tol, 2 to 2, 3 to 3, etc., be-
cause corrections will be very
difficult later.

Use this procedure to assemble both of
the 18 inch cables. Be sure that the
MALE 37-pin connector goes to the pads
labeled "TO" and the FEMALE connector
to the pads labeled "FROM". Refer to
the drawing on page to get a rough
idea of how these and the next cable
will appear when connected to the board.
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37-PIN MALE CONNECTOR

PIN 12 NOT USED

() 19 & 37 () 15 & 33 () 11 & 30 () 7 & 26 () 3 & 22
() 1s 20
()17&35()13&31 () 9 & 28 () 5 & 24

- 1 o

o OO?) g_goo O?O'————(!——O
b of8 o8 of8 ¢/ O
o O‘P f

A

1

h{()16&34 () 10 & 29 () 6 & 25 () 2 & 21

() 18 & 36 () 14 & 32 () 8 & 27 () 4 & 23
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() 1s&20
() 3 & 22

() 5 & 24

() 7 & 26

37-PIN FEMALE CONNECTOR

PIN 12 NOT USED

() 9 & 28
() 11 &30

()

.

13 & 31
() 15 &

1

() 17 & 35

33

() 19 & 37

() 4 & 23

() 2 & 21

() 6 & 25

T

() 8 & 27

() 10 & 29

51
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() 14 & 32

() 16 & 34

!

() 18 & 36




Due to its complexity, the 25 inch length For twisted-pair #12, and pair #13, you

of ribbon cable will be assembled in a will connect both wires of the pair to

slightly different manner. a single pin instead of each to a sepa-
rate one.

The following two pages contain drawings

of one end of the ribbon cable and the For twisted-pairs #15 & #16, all four of
44-pin edge connector included with this the wires should first be twisted together
kit. These connections, on one end of and then all four attached to both of the

the ribbon cable only, will be made first. pins A & B. Do the same for pairs #17 &
#18 to connect them to pins D & E. Be

NOTE: Be sure to observe that sure that there is a solid electrical con-
the orientation of the nection between both of the pins in each
edge connector is not the case. (see drawing below)

same in all of the drawings.
Use the pin designations
themselves for any reference
when making connections.

Orient the 25 inch ribbon cable as shown
in the drawing on page 46 . The end that
is shown at the top of this drawing will
be attached to the 44-pin edge c¢onnector.
The Connection Chart on the following
page also refers to this drawing for the
proper orientation. Twisted-pair #1 is
the pair furthest to the right in the
drawing, and pair #18 is furthest to the
left. It is very important to begin A*=pairs #15 & #16
numbering from the correct side when B*=pairs #17 & #18
making the connections.

The Connection Chart on the following Be sure to check-off the appropriate

page indicates where on the edge con- space on the chart as you make each of

nector each twisted-pair should be at- the connections.

tached. The pin designations in the

chart and in the drawings refer to those Use a small piece of ribbon cable wire

stamped into the plastic of the connec- to connect pin 18 to pin V on the edge

tor itself. Be sure that you connect connector.

the proper wires to the correct pins

according to the designations stamped on Insert the plastic key, packaged with the

the connector. edge connector, into the slot between pins
5 & 6 as shown in the drawing on the bot-

In most cases a single wire will connect tom of page .

to a single pin on the connector. Make
these connections by first making a good
mechanical connection, and then soldering
the wire into place. Be careful not to
leave any solder bridges, or to melt any
insulation.
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CONNECTION CHART

| PAIR # CONNECTOR PIN (S) PAIR # CONNECTOR PIN(S)

1 6 & F () 10 19 & W ()
2 7&H () 11 20 & X ()
3 8&J () 12 21 ()
4 9 &K () 13 Y ()
5 10& L () 14 22 82 ()

6 11 & M () 15
] A&B ()

7 15&S () 16

8 16 & T () 17
l D&E ()

9 17 & U () 18

1 () Jumper 18 to V |

EDGE CONNECTOR

PIN 227

4 TWISTED PAIRS

(A* & B¥)

14 TWISTED PAIRS
y

i

A

A\

“W-pIN 1

CABLE

/ SHEATH
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m

O

151617 1920

A

1
—_

0

T .
e ~—

*%

WIRE (18 to V)

i

USED

JUMPER

t - NOT

% - POWER SUPPLY BOARD

k% -

PLASTIC KEY
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The other end of the ribbon cable will
connect to both the Disk Buffer board
and the Power Supply board.

When making these connections, the same
numbering system will be used for the
twisted-pairs as previously. That is,
the pair furthest to the right in the
drawing on page will be refered to
as pair #1.

Page contains silk-screen drawings of
both PC boards, with arrows to indicate
the twisted-pair connections and a space
to check-off each as it is completed.

The first eleven twisted-pairs will con-
nect to the remaining row of pads on the
Disk Buffer board. Make these connec-
tions in the same manner as the previous
ribbon cable connections to this board.

Begin with pair #1 and connect one of its
wires to pad 6 and the other to pad 7 on
the board. Observe the color of the wires
connected to the equivalent pins on the
edge connector. Be sure you connect pin
6 to pad 6, F to F, etc., as when making
the previous connections. Continue the
connections through the first eleven of
the twisted-pairs in this manner, check-
ing-off the appropriate space as each is
completed.

The next seven twisted-pairs will connect
to the Power Supply board in nearly the
same manner, except that all but two of
the connections involve more than one of
the wires.

The two wires of pair #12 should be twist-
ed together and both connected to pad D.
Pair #13 should connect to pad F in the
same manner.

Twisted-pairs #15 & #16 should have all
four wires (2 each) twisted together and
connected to pad A. Pairs #17 & #18
should be connected to pad B in the same
manner.
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Only twisted-pair #14 should be separated
and connected to pads J & H in the same
manner as the first eleven pair.

Make all of the Power Supply board con-
nections as described, checking-off the
appropriate space as you complete each
of them.

Starting approximately 1 inch from the
cable casing, and moving along the Power
Supply cable wires, attach a tie-wrap
approximately every inch until 5 of them
are used. Do these as necessary to make
a neat, tight cable.

There are two other wires which should
be installed at this time. Using the
same wire that you used when making the
connections to the terminal block, cut
one 8 inch length of orange wire and one
8 inch length of black wire. Strip 1/4
inch of insulation from both ends on each
of them and tin the exposed portion.

Connect the orange wire between pad C on
the Power Supply board and pad C on the
buffer board. +5V

Insert the wire from the silk-screened
side of the board and solder it on the
bottom.

Connect the black wire between E and E
in the same manner. GND

YT
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SHOULDER WASHER

(2)"4-40X1/2 FLAT HE AD SCREW

MICA INSULATOR

f | HEA TSINK
(2)"4-40NUT COMPOUND

VOLTAGE REGULATOR
INSTALLATION

The next two components will be mounted
on the bottom side of the Power Supply
board. These components will also be

mounted to the 90° angle bracket, as with

BR1 & BR2, in the two remaining holes.

When installing these coamponents refer
to the drawing above and orient them
so that the markings on the companents
face away fram the bracket.

Insert the two regulators from the
bottam side of the board as shown.
*Use heatsink compound between all
mating surfaces. Be sure to place
the mica insulating washer between

" Ql and the bracket, and the shoulder
washer between Ql and the mounting
nut.

98

Tighten the mounting screws fimmly,
being sure not to twist the component
leads as you do so.

Solder all three leads of both cam-
ponents to the board on the silk-
screened side.

Clip off the excess lead lengths;
then remove the two screws used
earlier to mount BR1 & BR2. The
screws mounting X2 & Q1 should
remain.



VOLTAGE REGULATOR INSTALLATION

() X2 = 7805

() Q1 - TIP 145 (w/Mica insulating washer and shoulder
washer)




DISK CHASSIS ASSEMBLY

The next step in the assembly procedure is to prepare the
chassis itself for mounting the boards and drive unit.

1)

2)

3)

Refering to the drawing on the following page,
mount the cross beam as shown using the exist-
ing screws now holding it in place. Note the
number of holes for proper placement.

To make the following procedures as simple as
possible, remove the front panels at this time.
Save the screws used to mount the panel to the
chassis.

Refering to the same drawing again, mount the
rail as shown in the 2nd hole from the front.
Be sure to include the 2 spacers as shown on
each side.

There are 6 additional screws to be added to the chassis
members, 4 on the beam and 2 on the rail.

4)

5)

Install two #6-32 x 3/4" screws onto the rail
in the positions indicated on the same draw-

ing. Insert them from the bottom and tighten
them firmly using #6-32 lockwashers and nuts.

Install two 4-40 x 1" screws and two 6-32 x 1"

screws an the cross beam as shown using the
indicated hardware.
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CROSS BEAM

(2) WASHER
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(2) #6-32x|"
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5/16"LONG



BACK PANEL MOUNTING

Mount the back panel to the rear of the chassis as shown
below using the same screws previously used to mount it.

Be careful not to catch any wires between the chassis and
the panel.

\ — CHASSIS

i K‘\\

et
S

AN
(4)EXISTING
SCREWS
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POWER SUPPLY BOARD MOUNTING

Refering to the drawing on the following page, mount

the Power Supply board to the 90° angle clip and bracket
as shown. Study the drawing carefully before beginning.
NOTE: The #4-40 screw shown are those installed earlier.

Be careful not to disturb the wire connects previously
made between this board and the buffer board and cables.

64



(2)4-40NUT

(2)4FL ATWASHER

‘%6 -32 Nurj
"6 LOCKWASHER (2)5/32"SPACER(.15)
< 0;

HEATSINK
SPACER BAR

’ HEA TSINK C OMPOUND
BOTH SIDES

(2)4-40NUT

(2) "8 FLATWASHER

(2Y'4-4 0 X1"SCREW



DISK BUFFER BOARD MOUNTING

Refering to the drawing on the following page, mount the
Disk Buffer board as shown.

Again, study the drawing carefully before beginning. The
screws shown have already been installed.

The connectors on the three cables should face towards the
back panel.
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(4)"6 L OCKWASHER

?{4)'6 -32NUT

éa'/_ (2)5/16"SPACER(.3125)
2)
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L’/——(ﬂ's LOCKWASHER
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POWER SUPPLY WIRING

Refering to the silk-screen drawing be-
low, and the wiring diagram on the fol-
lowing page, connect the wires fram the
terminal block to the pads on the Power
Supply board.

Use the following procedure:

1) All of the wires should be
connected to the pads on the
board marked with the same
designation as the tags placed
on them earlier.

2) Insert all of the wires from
the silk-screened side of the
board, almost to the insulation.
Add solder from the same side
of the board except wire "3-G",
and then continue applying heat
while pushing the wires down as
far as possible until the insu-
lation just touches the solder.
Be careful not to melt any insu-
lation.

3) Turn the board over to solder
wire "3-G" and then clip off
all excess lead lengths.

Check this wiring over again carefully,
and then remove the tags from the wires.
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CONNECTOR MOUNTING

Refering to the drawing below, mount the two 37-pin connectors
to the back panel as shown.

Be sure to mount the male connector into the slot labeled "TO"
and the female connector into the slot labeled "FROM".

On both connectors pin 1 should be towards the top.

- (2)4-40X 5/16
me

@m\

CONNECTOR

(TO CONTROLLER) ) : \
P,

: (2)4-40ONUT
(2)4 LOCKWA SHER

10



FRONT PANEL MOUNTING

The front sub panel and dress panel can now be re-installed.
Use the same four screws previously used to mount the sub
panel to re-mount it to the chassis as shown in the drawing
below.

Note when setting the dress panel in place that it is a
"floating" panel. Installing the power switch, as shown,
at this time will temporarily hold it in place.

Be sure the lettering on the dress panel is facing outwards.

(4) EXISTING
SCREW

POWER SWITCH

SUB PANEL

DRESS PANEL

%NUT

LOCATING
WASHER

N



LED INSTALLATION

There are three RL-21 Light-Emitting-
Diodes (ILED's) to be installed on the
Disk Buffer Board. These LED's have

a cathode and anode lead on each of
them which must be properly oriented
for installation on the board. The
diagram below shows you how to deter-
mine the cathode and anode leads of an
RL~21. Hold the LED up to a light and
you will be able to see inside. The
larger of the two elements inside the
plastic casing is the cathode,

The silk-screen on the board itself

has the cathode leads for the three
1ED's marked with a "K". The anode

lead is marked with an "A". When you
install these camponents, make sure that
the cathode leads are in the pads marked
"K" and the anode leads in the pads -
marked "A". Improper orientation when
installing LED's may cause permanent
damage to the component.

As is shown in the drawing on this page,
these three components also require
special spacing and bending of the leads
in order to fit the unit properly.

1) Set the LED's in place one
at a time and bend as neces-
sary to fit as shown in draw-
ing [3].

2) Cut the leads as shown in [2]
and place the LED's on the
board properly.

3) Solder them in place fram the
top side of the board. LED's
are very heat sensitiwve, so
use a minimum of heat for the
shortest amount of time possible
to make the connection.

When properly installed, the LED's should
fit as shown in the drawing below.

12

{1] SET THE LED IN PLACE
AND MARK THE LEADS

BEND
LINE rr

L —

8

-

[2] CUT THE EXCESS LEAD
TO LEAVE 1/8 INCH

[3] SOLDER TO FIT IN PLACE
AS SHOWN
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WARNING: RL-21 LED's are very sen-
sitive to heat. Use a
minimum application of
heat with your iron when
making these solder con-

nections.
LED Installation
( ) D3 = RL-21 LED
() D4 = RL-21 LED
() D5 = RL-21 LED
go
@)
® o ©
O 53885888 00"
O ¢¢m¢n:n:¢o O
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DISK DRIVE UNIT INSTALLATION

The Disk Drive unit itself can now be installed into the chassis.

1)

2)

3)

4)

5)

6)

The first step in this process is to set the chassis on
end, with the front panel facing upwards.

Remove the screws and rubber feet that were factory in-
stalled on the bottom of the drive unit.

Being careful not to catch any of the wires or cables,
slowly lower the drive unit into the chassis. Refer to
the drawing on the following page for the proper orienta-
tion.

Refering again to the drawing on the following page, in-
sert the two mounting screws and lockwashers on the front
side of the drive unit. Do not tighten the screws down
at this time.

Refering to the same drawing, install the spacer bar and
mounting hardware for the rear end of the drive unit.

Tighten all four mounting screws firmly.

The 44-pin edge connector should now be plugged into the
rear of the drive unit. Line up the connector with the
finger pads on the units PC board and align the plastic
key between pins 5 & 6 with the slot in the board. Push
the connector firmly into place.

14



Insert. Page

[ ALTAIR FLOPPY DISK]

Disk Drive Assembly Procedure

addendum to page 74, Disk Drive Unit Installation

Before beginning the steps listed on page 74, the mounting
holes in the Disk Drive Unit must be threaded. Use the follow-
ing procedure to thread the four mounting holes:

1. Place the unit upside down. Place a strip of masking tape
under each mounting hole to catch any metal particles.

2. Install a #6-32 x 3/4" self tapping screw (MITS part number
100957, Bag 7) into each hole.

3. Remove the screws and the masking tape.

If difficulty is encountered while installing the Disk
Drive Unit into the chassis, remove the upper right-hand flat
heat screw near the bezel on the Disk Drive Unit. When the
Disk Drive Unit has been properly installed, be sure to put
the flat head screw back into place.

T4a MITS, Inc.
August, 1976
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[ALTAIR FLOPPY DISK]

Disk Drive Assembly Manual

Addendum to page 75, Disk Drive Unit Installation

The instructions on page 75 refer to a 1/2" x 1/4" x 9"
spacer bar (Part No. 10]841? that is to be installed in the
rear of the chassis. This spacer bar has been replaced with
either a 1/2" x 1/4" x 1" rectangular spacer or a 5/8" x 1/4"
round spacer. The new spacer will be installed in the right
rear mounting hole only.

This spacer allows the PERTEC FD-400 to be mounted at
three points on the chassis, instead of four, thus avoiding
the possibility of warping the FD-400 drive chassis.

The part number for the new spacer is 101841.

MITS, Inc.
August, 1976
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DISK DRIVE PRELIMINARY CHECK OUT

With no diskette in drive and the .chassis unit not installed in cabinet, and
no address jumpers installed, turn power on.

A) Fan and disk drive motor should turn.
B) Power indicator should light.
If voltmeter is available, measure:

A) +24 volt supply at + end of C3 (with respect to chassis) on the power
supply board.

B) +5 volt supply at + end of C6 on the power supply board.
C) -5 volt supply at point "J" of the power supply board.

A11 voltages should be within 5% of rated output. If the disk drive motor
does not start up, or the power indicator does not light, or the power supply
voltages are wrong, consult the Theory of Operation and recheck wiring.

A) With a cliplead, ground to chassis wire #13 (Disk Enable) on the left edge
of the buffer board (Pin 13 of "To Controller").

The Disk Enable light should come on.

B) Now open disk drive door. The drive motor should stop and Disk Enable Tight
should turn off. Close the door and the motor should start up. 5-10 seconds
later, the Disk Enable Tight should turn on (timing controlled by IC G).

C) With another cup lead, test the mechanical disk functions by grounding (on
the left edge of board)

1. Wire #8 (Head Load)
The Head Load solenoid should energize as lonq as #8 is grounded,
and Head Load light should turn on.

2. MWire #6 (Step In)
The track stepping motor shaft should turn as point #6 is inter-
mittantly grounded, simulating stepping pulses. The head carriage
should move towards the front of the Disk Drive.

3. Wire #7 (Step Out)
The track stepping motor shaft should turn as Point #7 is inter-
mittantly grounded, simulating stepping pulses. The head carriage
should move towards the rear of the Disk Drive.

This completes the preliminary check out of the Disk Drive.

Remove the clip leads, and install the disk address jumpers as indicated
on page 77 .

16



ADDRESS SELECTION

There are four jumper wires to be in- a
stalled on the buffer board in order .
to select the I/0 address. O .

Use component leads saved earlier for O

this purpose. Install them from the O

silk-screened side of the board and

solder them on either side. O
O
O

To comply with MITS software, the
board should be jumpered to address
g unless it is a part of a multiple

disk drive system.

Refering to the silk-screen drawing
on the right, jumper as follows for

address #:
PAD T0 PAD
1 — A
2 —_ B
3 — C
4 —= D

Consult the jumper chart in the Theory
of Operation section if a different
address is desired.

1



FINAL ASSEMBLY

The chassis assembly can now be installed into the outer case.

Refer to the drawing on the following page and mount the chas-
sis as shown.

To insert it, start by setting it slightly towards the back

of the case, and then slide it forward until the screw holes
align. Tighten the four screws fimmly.

18



6L

(4)EXISTING
SCREW

CHASSIS ASSEMBLY




CASE TOP INSTALLATION

Re—-install the case top onto the unit as shown below. Do
not, however, use the same screws which held it originally.

Use #6-32 x 1/4" screws to secure the case top.
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disk controller assembly procedure



DISK CONTROLLER ASSEMBLY

The Disk Controller will now be assembled.
This consists of two PC boards and inter-
connecting cables.

The Disk Controller mounts directly into

the computer main-chassis and uses two
slots.
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control Ler Board #2 will be
assembled first.

IC Installation

Install the following 28 ICs according to the instructions on page § .

ICs

Silk Screen Silk Screen

Designation Number Designation Numbexr
o) a1 741237 (X F3 74102 v
(X\ A2 74173V OQ F4 74102~
60 A3 93L16 v’ 0 e 74104 ¥~
o9 14 93L16 ¥~ ™G3 74175 ¥
&) Bl 74123 ~~ oQ G4 74104 "
() B2 74123 V7 (< HL 74102 v
(<) B3 72123 ¥ (B2 74166 >
0Q B4 74n.04 O H3 74175
> EL 74100 >~ 6Q B4 74104
o E2 74173V o J1 74102 N\
(<& E3 74L00 K) J2 8T98
(J(y E4 74110 A a3 74L75

v

&y Fl 74102 65 g4 74174
&g F2 74L73"/ &) K3 —
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Resistor Installation

Install the following 13 resistors according
to the instructions on page § .

RESISTORS

(XQ//Rl, Brown-Black-Orange, 1/4 or 1/2 W.
()Qf/Rz, Brown-Black-Orange, 1/4 or 1/2 W.
(>Q\/§3, Orange-White-Orange, 1/4 or 1/2 W.
@Q‘/g;, Brown-Black—-Orange, 1/4 or 1/2 W.
(k? R5, Brown-Green-Orange, 1/4 or 1/2 W.
CK&‘/§6, Red-Red-Brown, 1/4 or 1/2 W.

(EI R7, Orange-Orange-Brown, 1/4 or 1/2 W.
190 Vég, Brown-Green-Orange, 1/4 or 1/2 W.
1&3 R9, Blue-Gray-Red, 1/4 or 1/2 W.
;x1~/§1o, Brown-Blue-Orange, 1/4 or 1/2 W.
RQ‘;Tﬂl, Brown-Black-Red, 1/4 or 1/2 W.
(}Q “R12, Brown-Black-Red, 1/4 or 1/2 W.

<) “¥13, Brown-Black-Red, 1/4 or 1/2 W.
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Capacitor Installation

Install the following 31 capacitors according to the instruc-
tions on page 6 . Note that all capacitors are installed in the
same manner, except for electrolytic capacitors.

CAPACITORS
KL/CL .001 uf (1) C17, .1 uf
A2, .o01 ut (h cie, .1 uf
)(yJC3, 1.0 uf () <19, .1 uf
M‘/c4,./.f22 uf () c20, .1 ue
( Jés, electrolytic, 4.7 uf () c21, .1 uf
}x{:/é6, electrolytic, 10 uf (]) c22, .1 uf
(W C7,/41 uf (|) c23, .1 uf
> cs>/.1 uf (1) c24, .1 uf
() C9, electrolytic, 35 uf () cC25, .1 uf
( cio, .1 uf. | ( c26, .1 uf
() c11, .1 uf ( c27, .1 uf
(} c12, -1 uf (D c28, .1 uf
1 cl3, .1 uf ( c29, .1 uf
()) ci4, .1 uf (/y c30, .1 uf
(/) <15, .1 uf () ce31, electrolytic, 35 uf

() cie, .1 uf



0000000 OOOOOOOOOOOOO

1y
] - <o

80
20

-]
o
CZS

——-{:-8 ---—-




Diode Installation

Install the following two diodes according
to the instructions on page T .

DIODES

D1, 1N914

( D2, 1N914
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Voltage Regulator Installation

Install the voltage regulator according
to the instructions on page 32 .

VOLTAGE REGULATOR

(\L 7805

92
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Connector Installation

There are two "boxes" marked on the silk-
screen. These are to indicate the posi-
tions for a 10-pin and a 20-pin male con-
nector.

The drawing below illustrates the in-
stallation of a typical connector of
this type.

\
10-PIN MALE __
CONNECTOR ,
[}
|
|

Refering to the drawing, install the two
male connectors onto the silk-screened
side of the board. The long 90° bent
pins should point towards the right side
of the board. The 10-pin connector goes
between "CCl" & "CCl0"; while the 20-pin
connector goes between "CD1" & "“CD20".

Two pins should now be cut off. These
are the 2nd pin from the top on the 10-
pin connector, and the 4th from the top
on the 20-pin connector. Cut them off
right at the plastic body of the connec-
tor. (These pins are both labeled "KEY"
on the silk-screen.)

84

There is a row of 20 pads along the
right edge of the board labeled CBl
through CB20.

Remove 10 twisted-pairs of wire from an
8 inch length of ribbon cable. Leave
the two wires in each pair twisted to-
gether. Strip 1/4 inch of insulation
from both ends of all of the wires and
tin the exposed portions.

Beginning with the bottom pad on the
board, connect one of the twisted-pairs
to pads CBl & CB2. Continue up the row
of pads, connecting a twisted-pair to
each two pads as you go along.

NOTE :

The twisted-pairs each have one
wire the same color in each of
them (usually black or white).
Make the connection to pad CBl
with this wire on the 1lst pair,
and use this wire for the 1lst
connection on each of the fol-
lowing pairs as you go up the
row of 20 pads.

Insert all of the wires from the silk-
screened side of the board and solder
them of the bottom side. Clip off any
excess lead lengths.

Cut the free ends of all 20 wires so

that only 1/8 inch of tinned wire is
exposed beyond the insulation.

Jumper Installation

Use a length of wire to jumper to-
gether the two pads labeled +8V on
the bottom edge of the board. Keep
it as short as possible and install
it on the silk-screened side.
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A 20-pin female connector will now be.-
attached to the free ends of the 20 wires.

First, connector pins must be attached
to the ends of all of the wires. The
drawings below illustrate a typical con-
nector of this type, and the method for
attaching and inserting the pins.

Connect a pin to each of the wires* as
shown, and solder them carefully into
place. Do not use too much solder or
the pins will not fit into the connector
properly.

NOTE: Two of the wires, both labeled
CBl17 on the PC board (see silk-screen),
should be attached to a single pin.

10-PIN MALE
CONNECTOR

87

Pins 1 & 20 are marked on the plastic
body of the female connector. Refering
to the silk-screen, insert the pins into
the connector so that pad CBl goes to
pin 1, CB2 to pin 2, CB3 to pin 3, etc.,
being sure not to insert any wires into
pin 15 on the connector. A plastic key
should be inserted into pin 15 of the
female connector, inserting it from the
opposite side as the wires.

Place a tie-wrap approximately in the
center between the connector and the
board to hold the wires together.

Place another tie-wrap around the wires
and also through the holes in the PC
board just to the right of the 20 pads.

ce20

caeis

ceie

CBI7 wmmm
cBie
ceiz
cBi4
csei3
csl2
cell
ceo

cB9
cee

cB7
ces
ces
cB4
ce3
ce2
cst




Controller Board #l Assembly

IC Installation

Install the following 31 ICs according to the instructions on page § .

ICs

Silk Screen Silk Screen

Designation Number Designation Number
0y a1 74123 < (ZQ F2 74173
(76 A2 74102 ~ (?Q F3 74173 v
96 a3 741.20 s 9(5 F4 74123
o g 74110 fq) F5 | 74130 ~
o4 as 74110 < ?0 Gl 74164 v
(>< Bl 93L16J (76\ G2 74100 v~
96 B2 74174 ~ (70 G3 74175 v

—>( ) B3 sa173 < '?() G4 7203 <
) B4 74111 ~ (7& G5 74104 ~~
N0 BS 74L04 / ()4\ H1 74175
(Z\) El 74123 ¥ (\() H2 8197 <
o> E2 74100 4 (p B3 gr97
(ZQ E3 74173 \\// ‘70 H4 87197 Y

) E4 74104 (;() HS 8T97 )
()Q/ E5 74L00 ~/ (7Q J3 74104 ~
/

o F1 74123

98
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| ALTAIR FLOPPY DISK]

Disk Controller Assembly Procedure

Addendum to Page 98, IC INSTALLATION

Before installing IC "B3" on Disk Controller Board #1, bend
pin 7 up so that it does not go into the PC Board.

After all of the ICs have been installed, connect a jumper
wire from pin 7 of IC "B3" to the pad labelled "SSC" (pin 9 of IC
"B5"). (There should be nothing connected directly to the pad
under pin 7 of IC B3.)

Make a note on the schematic for Disk Controller Board #1,
sheet 1 of 3, for IC "B3", pin 7. The "J" input of the flip-flop
(pin 7) now connects to pin 9 of IC "B5" on sheet 2 of 3 (HS - not
head status).

MITS, Inc.
August, 1976
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Resistor Installation

Install the following 16 resistors according
to the instructions on page 9 .

RESISTORS

/&/{ @, Orange-Orange-Brown, 1/4 or 1/2‘w.
> @ Red-Red-Brown, 1/4 or 1/2 W.

O() 1;3 Brown-Black-Orange, 1/4 or 1/2 W.
({Q @ Red-Black-Orange, 1/4 or 1/2 W.
N @, Brown-Black-Orange, 1/4 or 1/2 W.
(\’ Reci—Black—Orange, 1/4 or 1/2 W.
(\NR Green-Blue-Red, 1/4 or 1/2 W.

((Q Brown-Black-Orange, 1/4 or 1/2 W.
()(l Orange-Orange—Brown, 1/4 or 1/2 W.
(6{ Red—Red—Brown, 1/4 or 1/2 W.

(

) { R11, JBrown-Black—-Orange, 1/4 or 1/2 W.

fb) @ Red-Black-Orange, 1/4 or 1/2 W.

" .
k\f\ , Red-Red-Brown, 1/4 or 1/2 W.

()4 Orange-Orange-Brown, 1/4 or 1/2 W.
(‘[\1 @ Brown-Black-Red, 1/4 or 1/2 W.

(,Q @ Brown-Black-Red, 1/4 or 1/2 W.
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Capacitor Installation

Install the following 25 capacitors according to the
instructions on page 6 .
are installed in the same manner, except for electrolytic

Note that all capacitors

capacitors.
CAPACITORS

(Y c1, .1 uf () ci4,
¥ @ .68 uf () ci1s,
o0 §c3) -047 ut () cle,
% @, .68 uf () c17,
oﬁ @ 430 pf () cis,
oY 7Eo) 910 pf () c19,
tK)«:::) electrolytic, 33 uf () c20,
(\4@ .01 uf () c21,
()6@ .047 uf () c22,
() clo, .1 uf () c23,
() ci1, .1 uf () c24,
() cl2, .1 uf @czs,
() c13, .1 uf

102

.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf

electrolytic, 35 uf
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Voltage Regulator Installation

Install the voltage regulator according
to the instructions on page 32 .

VOLTAGE REGULATOR

() K, 7805

104
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Jumper Installation

There are 13 jumper wires to be installed Connect the following jumpers:

on board #1.

IND to IND
Install these jumper wires by inserting GND to GND
them on the silk-screened side of the *RD to RD
board and soldering them on the back GND to GND
side. Clip off any excess lead length. WDS to WDS

CD to CD
The drawing below shows the proper way DCL to DCL
to route the wires across the board. S0S to SO0S
Pay close attention to this as it is SSC to SssC
very important. Pads labeled 1 below +8V to +8V
route through arrow 1, 2 through 2, SY to SY

and 3 through 3. SR to SR
: SRI to INT*
Cut the wires to the necessary length,
and install them through the paths as *or to VI7 (see Theory of
shown. Use ribbon cable wires for the Operation)
two twisted pair connections. The "GND"
pad for the twisted pairs is the one
closest to the other connection stated.

» Fl i .Gl | -H i c.im |
(713
\] 0 om ]
= Kl
.F u .GZ | bnf‘_— = C? -
o I
O R|31 IND CAIO Ri&
°
O
E( g %
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N n R 1w c820

KEY
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!
Ll
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L_J
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Connector Installation

Install a 10-pin and a 20-pin female
connector onto the board in the same
manner as described on page 94 for
board #2.

NOTE: The only exception to the above
statement is that pin 6 is to be
cut off instead of pin 4 on the
20-pin connector.

108
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‘Bus Strip Installation

The drawing below illustrates the method
for installing the 6 bus strips onto the
board.

Note that the last pin (on the bottom side
of the board) is to be cut off before in-
stalling the strips.

Be careful when installing these strips,
that you do not push the strips down
tight enough to damage the jumper wires
or to short any of the PC lands.

Insert them as shown below and solder them
on the non-silk-screened side of the board.

BUS STRIP

110
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Controller Cable Assembly

Refering to the drawing on the following page, and to the previous
instructions beginning on page 44, cut a 21 inch length of ribbon
cable and prepare it as shown in the drawing.

The 37-pin connector shown at the top of the drawing is one of the
FEMALE connectors included with your kit. The 10 & 20 pin connectors
shown at the bottom of the drawing are of the same type as that on
page 97 (female connectors), and should be assembled in the same man-

ner.

Use the drawing on the following page, and the chart and drawing
following after that, to construct this cable in the same relative
manner as the previous ribbon cables.

112



DISK CONTROLLER CABLE

) T r 37-PIN CONNECTOR ]
STRIP 1/8 INCH & TIN
2" ANG \/
__}L_
! T [
| l '
: | 1
I l
]
1
13" RIBBON CABLE SHEATH
| |
]
21" | -
' ]
| |
| |
! i
4 J e
o
STRIP 1/8 INCH
& TIN
6"
_PTN ' 1
Y , 1 20-PIN 1

10-PIN 10-PIN
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The drawing below illustrates the pin positions where each
of the 18 twisted-pairs should be attached to the 37-pin
connector. Be sure to use a female connector. This portion
of the assembly is essentially identical with that shown on

page 51.
Use the orientation for this process shown on page 113. It
would be adviseable to connect the varied colored wires from

each pair to pins 1 through 19, and the same colored wire
from each pair to pins 20 through 37.

37-PIN FEMALE CONNECTOR

NOT USED

/

333.33333%3°272 2007

bbbbbddddddd

O

114




- . . \/'_
@;%f =
The drawing on the right illustrates _/;711 S —
the same three female connectors as @5;“‘*“‘”‘—_ >
shown on the bottom of the drawing on /;710
page 113. The orientation in the #g_________ﬁ<
drawing on the right is the same as

8

I

SEELLLEIN]

The first step in this assembly pro-

cess is to attach connector pins to e
the ends of each of the wires. Do

this in the same manner as described

that on page 113, only rotated 90° 28
counterclockwise. 3
( 7

on page 97. Note that two of the <j;<:>r————————— -

twisted-pairs have both of their wires

attached to a single connector pin. <i;/ ;
Once this is completed, the pins can GE><§)

be inserted into the female connectors.
The numbers in the drawing on the 4
right refer to the 37-pin connector
pin numbers. Use the same procedure (,/’ (j? o

as with the previous ribbon cables Q) 97
A . . > o< ;L“~"“—“—~

and insert the pins into the connec- 8

tors, correlating the 37-pin connec- q:}________b
tor pin numbers on the right with the = 1y
with the proper wires and positions le—————————ﬁg”

on the 3 female connectors. <j§ 114
@

7

il

AL AL EERYARRRRINE

=

<11
* 8
]
Zo

Insert the the plastic keys in the
positions shown. Be sure to insert
them from the opposite side that
the wires are inserted from.

ERRNLRNEN

* NO WIRE CONNECTION
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CONTROLLER/DRIVE INTERCONNECT CABLE ASSEMBLY

There is one more cable to be assembled for the disk system.
This cable will be used to connect the Disk Drive unit with
the ALTAIR containing the controller.

1) The first step is to cut a 6 foot length of ribbon cable
and remove 2 inches of the cable sheath from each end.

2) There are two grey plastic connector covers included in
your kit. Slip one of these over each end of the cable,
with the small holes towards the center of the cable and
the larger holes towards the free ends. Push the covers
down at least a foot so that they will not interfere with
the rest of this procedure. :

3) Strip 1/8 inch of insulation from both ends of each of
the cable wires and tin the exposed portion.

4) Prepare the two remaining 37-pin connectors (one male &
one female) in the same manner as the previous 37-pin
connectors.

5) For this cable the connections will simply run pin-to-pin.
That is, connect pin 1 of the male connector to pin 1 of
the female connector. BE SURE NOT TO CONNECT ANY WIRES
TO PIN 12 OF EITHER CONNECTOR.

6) Once all 36 wires have been 3 "
connected on both ends, push 4/4
the ends of the cable into a —
fold as shown on the right,
and secure it with a double C~_‘t::)
wrap of masking tape. Keep [::: =
the fold as close as possible
to the connector itself.

7) Push the connector covers into place over the two con-
nectors. Do not use any of the hardware supplied with
the covers by the factory. Simply mount the 37-pin
connectors to the covers using standard 4-40 X 5/16 "
screws.
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DISK/COMPUTER INTERFACE

Refer to the preliminary documentation release
included with this manual for a description of
how to hook-up and operate this system.

The above mentioned documentation includes an
abreviated version of both the theory and the
operation of the ALTAIR FLOPPY DISK SYSTEM.

An updated, complete version of this documention

will be sent at a later date, as described in the
front of this manual.
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DISK CONTROLLER CHECK OUT
WITH DISK DRIVE
A) Preliminary Test

This tests the primary functions of the Disk Drive and Disk Con-
troller.

Enter the following program and then single step through (with -
Controller and Drive connected).

Address Instruction

000,000 076 MVI A
1 000 Disk Drive Addr ()
3 0100 Disk Enable Channel NOTE ]
4 076. MVI A
5 004 Head Load (Bit D2=1)
6 323  Output NOTE 2
7 011 Disk Control Channel
10 333  Input
NOTE 3
11 011 Sector Position Channel
12 333 Input NOTE 4
13 010 Disk Status Channel :>‘

Note 1

Disk Drive should be enabled at the end of these 4 instructions.

Note 2

Disk Drive Head should be loaded at the end of these 4 instructions.

Note 3

After single stepping these two instructions, the ALTAIR data lights
should indicate as follows:

D@ on all the time

D1 on all the time (flashing very fast)
D2 on all the time (flashing very fast)
D3 flashing very fast

D4 flashing slower

DS flashing slowest

D6 on-not used

D7 on-not used

The flashing lights indicate the index/sector circuits are functioning
properly.
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Note 4

The last two instructions, when single stepped through, indicate the
status or the disk on the data lights as follows:

D
D1
D2
D3
D4
D5
D6
D7

(ENWD) - On
(MH) - Off
(HS) - Off

Not used - Off

Not used - off

(INTE) - On if "INTE" on front panel off
(TRACK @) - Off if disk head on track §
(NRDA) - Flickering, half on - indicates that
read circuit is OK.

B) Testing Individual Functions

To test individual disk functions, an output of the correct data pattern
must be done on Channel 011.

For example, to step the head in, use this program. Note--The disk must
be enabled before doing any disk functions.

Address
000,000

NN S WNN -

Instruction

076 MVI A

000 Disk Drive Addr.

323 Output

010 Disk Enable Chan.
333 Input

377 From Sense SW

323 Output

011 Disk Control Channel

Set Sense Switch 8 up, others down when single stepping this program.
Change switch pattern to control other functions.
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SERVICE

Should you have a problem with vour unit, it can be returned to MITS
for repair. If it is still under warranty anv defective part will be
replaced free of charge. The purchaser is responsible for all postage.

In no case should a unit be shipped back without the outer case fully as-

sembled.

If you need to return the unit to us for any reason, remove the top cover
of the drive unit and install the wood block over the door mechanism as

it was shipped fo you. Secure cover and pack the unit in a sturdy card-
board container and éurround it on all sides with a thick layer of pack-
ing material. You can use shredded newspaper, foamed plastic or excelsior.
The packed carton should be neatly sealed with gummed tape and tied with a
stout cord. Be sure to tape a letter containing your name and address, a
description ofvthe_halfunction, and the original invoice (if thé unit is

still under warranty) to the outside of the box.

Mail the carton by parcel post or UPS--for extra fast service, ship by air

parcel post. Be sure to insure the package.

SHIP TO: MITS, Inc.
2450 Alamo SE
Albuquerque, NM 87106

All warranties are Void if any changes.have been made to the basic design of

the machine or if the internal workings have been tampered with in any way.
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ALTAIR DISK
TEST PROGRAMS

Reprinted from Computer Notes, April, 1976

Listed below are some Altair Disk Test programs that will check out all
the normal functions of the Disk Drive. These check-out procedures will also
be included in the Altair Disk Theory of Operation manual.

A. Disk Read/Write Test Program

This program writes data on disk on sector @ of the track it is
positioned on, then reads the data back, stores it in memory,
then outputs it to an I/0 device. It is used for testing all
read/write functions.

WRITE: The number of write data bytes is set by the
position of the sense switches (maximum of
22fg). Write data consists of:

1st byte = 377g (D7 = 1 - sync bit)
2nd byte = data on sense switch
3rd byte = 2nd - 1

4th byte = 2nd - 2

"n""th byte = 001
last byte = 000

If sense switch is set to §@9, program will stop.

READ: The read data is stored in memory, starting at
address 001,236g and consists of the data written
by the write program

OUTPUT: After the read program, the data is outputted to a
terminal (Teletype, CRT, etc.). The output program
is set to output on channel 1. To obtain a useful
output pattern, change the sense switches until a
desirable pattern is printed. The characters printed
will consist of all printable ASCII characters in re-
versed order (as in 987654321 and zyxwvu . . . ).

This pattern repeats itself and is easily observed

for errors.

B. Stepping Program

This program steps the disk head out 77 times to track # and then
in 77 times to track 76, continuously repeating with the computer
in the run mode. :



This program is useful for testing the disk enable, MH status, track
# status, and stepping functions of the disk.

While stepping with this program, the head is unloaded, so it may
be run continuously without wear on the read/write head surface.
A squeaking sound caused by the head load mechanism is normal in
this test.

To loop with the read/write program, see next section.

For stepping program, disk drive address of @#@p is used. To change
disk drive tested, the address is contained in location (001,001).

Looping With Stepping Program

To check the read/write and step functions simultaneously,
the two programs may be run together by changing:

1) Data in locations (000,154) and (000,155) to 037, 001
as indicated.

2) Data in location (001,034) to 303 as indicated.

Start the program at (001,000), the start of the stepping
program.

The disk head will step out to track @.

The head will then load and a write/read will occur.
The head will then unload and output will take place.
After output, the head will step in once, starting
the write/read sequence again. After this repeats
76 times, the head is stepped out to track @, and it
begins again. %

NOTE: 1) For read/write program, disk drive address of

¥ ¥ PpP is used. To change disk drive tested, the
address is contained in location (000,001) and
(000,150).

2) Output device addresses are in locations (000,133)
(status) and (000,141) (data).



L READ/WRITE/OUTPUT PROGRAM

L/? T
OCTAL OCTAL e -
CODE EXPLANATION TAG MNEMONIC |{ ADDRESS CODE EXPLANATION .
' T T + — - - 1
076 —— e
000 {Disk drive address ! ¢ MVI(B) 74 006 | Store in i
2 323 t E 75 200 | “NRDA" mask '
3 010 |Disk controller enable channel i NOP 76 000 |
LDHD MVI(A) 4 076 ‘ | NoP 77 000
5 004 Load head bit | RSECT | IN 100 333 | Read sector test |
ouT 6 323 . 101 011 | Sector position channel .
7 011 |Disk function control channel | cPl 102 376 '
WRTLP IN 10 333 |[Input # of bytes to be written i 103 300 | # sector
11 377 |Sense switch JNZ 104 302 | Jump if not start of @ sect.
MOV (C)+«(A) 12 117 Store in '"'C" reg. 105 100 to "RSECT" {
MVI(D) 13 026 [Store in "D" reg. 106 000
14 377 First write byte RDTST IN 107 333 | Start of 'NRDA" test
MVI(B) 15 006 |Store in "B" reg. 110 010 | Disk status channel
16 001 YENWD' status mask ANA(A) /(B) 111 240 | Test for "NRDA" status
WSECT IN 17 333 |Write sector test : JINZ 112 302 | Jump if "NRDA" false (=1)
20 011 |Sector position channel 113 107] | to “RDTST" i
CPI 21 376 | 114 - 000 :
22 300 |P sector IN 115 333 | Input read datu
JINZ 2% 302 |Jump if not start of § sect. 16 012 Bisk dats channel
24 017) |to "WSECT! MOV (M)« (A) 117 167 | Store data In memory (lI+1.)
1o oon INR(L) 1200 0% Incremont | rog. (mem addr) !
MVI(A) 26 076 JINZ 120 %02 | Jump I L reg. 40 i
27 200 |Write enable bit 122 107] to RUTST
N 30 323 123 000
o |..31 011 [Disk function control channel MOV (A)+(D) 124 172 | Move 377 byte to accum.
FBYT YEV4 32 333 First byte test ouT 125 323 | Disenable disk by output logic 1 on
33 010 |Disk status channel 126 010 | D7 to disk enable chan. (end of read i
~7\NA(A)/(B) 34 240 |Test for "ENWD" status start of output)
JINZ 35 302 |Jump if "ENWD" false (=1) LXT (H+L) 127--041 | Load li+l with: I
36 032) [to "FBYT" 30 836 rting addr of data stored by read
L.37 o000 2 } propram
MOV(A) (D) 40 172 |Move 377 into accum. 131 ool 1
(‘,’;;. ouT 41 323 |Output first byte e 1
Fa\ 42 012 |Disk data channel OTST IN 132 333 | Test output device for busy !
~INDAT IN %3 333 |Start of write data sequence O] 133 000 { Status chan. of terminal !
44 010 |[Disk status channel RLC 134 007 | Test bit @, rotate into carry :
ANA 45 240% |Test for "ENWD" status JC A AFT135 332 | Jump if carry (bit § = 1) i
JNZ 46 302 |Jump if "ENWD" false (=1) [ 136 132 to "OTST" J
47 043 [to 'WDAT" 137 000 |
50 000 MOV (A)+(M) 140 176 | Move data from mem(H+L) !
MOV(A)+(C) [7'51 171 }Move "DATA" byte to accum. ouT 141 323 | Output data :
ouT s2 323 - 03] 142 001 | Data channel for term i
53 012 |Disk data channel INR(L) 143 0S4 | Increment L register !
DCR(C) ‘54 015. |Decrement "DATA" byte JINZ 144 302 | Jump if L reg # 0, output another byte t
JINZ S5 302 |Jump if data byte = p. 145 132] | to "OTST" H
56 043 to "WDAT", write another byte 146 000
57 000 MVI(A) 147 076 i
WZT IN 60 333 |Start of zero byte 150 000 R i
61 010 |Output sequence out 151 323 {| Emable disk !
ANA (A)+(B) 62 240 |Test "ENWD" (last byte written) 152 010 )
INZ 63 302 | Jump if "ENWD" false Jup 153 303 :
64 060| | To WZT NOTE *154 004 || To "LDHD" X
65 000 *155 000 )| . -7 |
XRA(A) (A) 66 257 | Zeros accumulator 156
ouT 67 323 |Output zero byte 157 0O/ X
70 012 |Disk data channel (end of write,
start of read)
LXI 71 . 041~ ] Load H+L reg. with: *--For R/W-step loop change
72 236} | Starting addr. to store read data Data at (000,154} to 037
73 001 Data at (000,155) to 001
1 SURPUP . I T
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TO OUTPUT PROGRAM

DISK DRIVE AND
CONTROLLER

1 ENABLE DISK ¢
AND LOAD HEAD
C 000,010 T I o
INITIALIZE REGISTERS: ,
REG B = "ENWD' MASK
REG € = NUMBER OF BYTES TO BE WRITIEN
REG D = FIRST BYTE WRITTEN (377)
( 000,017)
(000,026 TyRN WRITE
7| cirouT oN
<
‘!} ( 000,032)
¥ is .
18 NO ENWD YES (000,040 )| wRTE FIRST
€ TRUE? BYTE (377)
e
tw
= .
&
3 (000,043)
€ 000,051 Y \p 1Tk DATA BYTE
FROM "C"' REGISTER
(000,054} pECREMENT C
REGISTER
€ 000,055 ) AN 1]
-
€000,060)
#S WRITTEN ¢ 000,066)]
FOR REMAINDER WRITE
OF SECTOR P
b—
€000,071 ) ‘[
INITIALIZE REGISTERS
W+ L REG = STARTING ADDRESS FOR
STORING READ DATA IN MEMORY
B REG = "NRDA" MASK
€000,100 )
N BEGINNING N\ YES
- OF -
SLCTOR ¢
€000,107 )
€ 000,115) INPUT READ DATA
YES
o AND STORE IN MEMORY
>
(ADDRESS SPECIFIED BY
H+ L)
r
VE ( 000,120
1<) INCREMENT L
1 &1 REGISTER
]
1 o H
(N3 H
1%
12
] u: ( 000,121)
e
L )
( 000,124)
DISENABLE

OUTPUT PROGRAM !

meeememm—m— e —————
[Sutii i hybyhotuibty ]

—

€000,127)

TO OUTPUT
PROGRAM

INITIALIZE H + L REGISTER WITH STARTING
ADDRESS OF READ DATA STORED IN MEMORY

(000,132

1s
OUTPUT YES
DEVICE READY
TO RECEIVE
DATA

(000,140 )

OUTPUT

DATA FROM MEMORY

(000,143 )

1s
L REGISTER
=9
?

(000,147 )

ENABLE DISK ¢

FOR R/W + STEP LOOP \

FOR R/W LOOP ONLY

M (000,153 ) . .
JUMP TO STEP JUMP TO
PROGRAM WRITE PROGRAM

TO STEP
PROGRAM TO WRITE PROG.

|
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PRELIMINARY DOCUMENTATION RELEASE

THE FOLLOWING INFORMATION IS A PRELIMINARY RELEASE ONLY.

THE COMPLETE THEORY OF OPERATION WILL BE ADDED TO THE
ASSEMBLY MANUAL AT A LATER DATE. THE OPERATORS MANUAL
AND DOS DOCUMENTATION WILL BE DEVELOPED IN A SINGLE
MANUAL ALSO. BOTH OF THESE, AND ANY UPDATES TO THIS
ENTIRE SYSTEM DOCUMENTATION WILL BE SENT IMMEDIATELY
UPON THEIR PRINTING DATE.



THE ALTAIR FLOPPY
DISK SYSTEM

The ALTAIR Disk offers the advantage of nonvolatile memory,
plus relatively fast access to data. The ALTAIR Disk Controller
consists of two PC boards (over 60 1.C.s) that fit in the ALTAIR
chassis. They inter-connect to each other with 20 wires and con-
nect to the disk through a 37-pin connector mounted on the
back of the ALTAIR. Data is transferred to and from the disk
serially at 250K bits/sec. The disk controller converts the serial
data to and from 8-bit parallel words (one word every 32 « sec).
The ALTAIR CPU transfers the data, word by word to and from
memory, depending on whether the disk is reading or writing.
The disk controller also controls all mechanical functions of the
disk as well as presenting disk status to the computer. All timing
functions are done by hardware to free the computer for other
tasks. Since the floppy diskette is divided into 32 sectors, a
hardware interrupt system can be enabled to notify the CPU at
the beginning of each sector. Power consumption is ap-
proximately 1.1 amperes from the +8v (VCC) line for the two
boards.

The Disk Drive unit, using a PERTEC FD400 mounted in an
Optima case (5%” high—same depth and width as computer),
includes a power supply PC board and a Buffer/Address/Line
Driver P.C. Board. A cooling fan maintains low ambient
temperature for continuous operation. The disk drive cabinet
has two 37-pin connectors on the back panel, one is the input
from the disk controller, the other is the output to additional disk
drives. Up to 16 drives may be attached to one controller.

The 88-DCDD consists of the disk controller and one disk
drive with an interconnect cable. The 88-Disk is one disk drive for
adding storage capability to the 88-DCDD and includes the inter-
connect cable.

The ALTAIR Disk Format allows storage of over 300,000
bytes. Since the disk is hard sectored (32 sectors for each track),
we write 137 bytes on each sector, 9 of which are used internally
(track#, checksum) leaving 128 data bytes per sector, 4096 per
track. One floppy diskette is supplied with each drive; extra flop-
pies are available for purchase. A software driver for the floppy
disk is available at no charge and is supplied with the disk as a
source listing. The disk operating system—which has a complete
file structure and utilities for copying, deleting and sorting
files—costs extra. Extended BASIC, which uses random and se-
quential file access for the floppy disk, is also available.

Specifications
Rotational 360 rpm (166.7 ms/rev)
Speed
Access Times Tracktotrack, 10 ms
Head settle, 20 ms
Head load, 40 ms
Average time to read or
write, 400 ms
Worst case, 1 sec
Head Life Over 10,000 hours of head
- to disk contact
Disk Life Over 1 million passes/track
Data Transfer
Rate 250K bits/sec
Power 117VAC 110W
Consumption
Diskette Hard sectored, 32 sectors + index,

Dysan 101 floppy disk, 77 tracks




DISK OPERATORS MANUAL

[.  DLSCRIPTION- OF SYSTEM

A) DISK SPEC SHEET

B) DISK SYSTEM BLOCK DIAGRAM DESCRIPTION

1.

w
.

CONTROLLER BOARD 1:

Controller Board 1 does all input functions to the ALTAIR
bus (Read Data, Sector Data, Status Information), as well
as Control Addressing of all Disk to ALTAIR I/O0.

CONTROLLER BOARD 2:

Controller Board 2 performs all output functions from the
ALTAIR bus (Write Data, Disk Control, Disk Enable and
Drive Selection). ‘

INTERCONNECT CABLE:

An 18 pair flat cable with two 37 pin connectors, a male

on one end, a female on the other. This cable connects the
Disk Drive to the ALTAIR Disk Controller and "Daisy Chains"
one Disk Drive to another in multiple Disk systems.

DISK DRIVE CABINET:
a) POWER SUPPLY:

The Disk Drive Cabinet contains a power supply for powering
the Disk Buffer and Disk Drive.

b) THE DISK BUFFER:

The Disk Buffer board contains the necessary line drivers
and receivers for interconnection with long cables to the
Disk Drive. In addition, it contains the Disk Drive Address
circuitry that allows the Controller to select one of 16
Disk Drives.

The Disk Buffer board also contains the line drivers for
connection of multiple Disk Systems.

c) THE DISK DRIVE:

The Disk Drive, a Pertec FD-400, contains the mechanism and
electronics that actually reads and writes data on the Diskette.



II. CONNECTION OF DISK SYSTEM:
A) CONTROLLER BOARDS:
1. Items Supplied:

a) CONTROLLER BOARD 1 (white vert strips)

b) CONTROLLER BOARD 2 (with short cable wired to it)

c) CONTROLLER CABLE (with 37 pin on one end, 3 Molex connec-
tors on the other end)

d) Connector Mounting Bracket and Hardware

2. Connection of Controller Boards

a) Take cover off ALTAIR (power off!)

b) Feed Molex (flat) connector ends of Controller cable through
hole in back of ALTAIR on connector panel: (37 pin con-
nector outside chassis, molex connectors inside chassis).

c) Lay board 1 flat in front of you on the ALTAIR chassis with
components up and stab connector to your right (as facing
the front of the ALTAIR).

d) Take the short wired cable of board 2 and connect it to the
20 pin connector on board 1 (note polarization key of
connector and missing pin on the PC board).

e) Place board 2 flat, to the left of board 1.

f) Connect 20 pin Molex connector on the Controller cable to
the 20 pin connector on board 2. Note Keying.

g) Take the 10 pin connector on the Controller cable with the
orange and yellow wires connected to it and connect it
to the 10 pin connector on board 2. Note Keying.

h) Take the remaining 10 pin connector on the Controller cable
with white and gray wires on it and connect it to the
10 pin connector on board 1. Note Keying.

i) Take both boards, hold together and slide into slots, with
board 1 on right, board 2 on the left. Be sure wires
from connector go out between card guides, and do not
catch on card guides.

Push cards firmly into connector in ALTAIR mother board.

Install 37 pin connector in bracket and on back of ALTAIR,
straddling 2 connector holes. Use #4-40 x 5/16 screws,
lockwashers and #4-40 nuts.

= .
—

B) DISK DRIVE CONNECTION TO ALTAIR:

Take the 6 ft. flat cable with 1 male and 1 female connector;
connect male end to Disk Controller connector on ALTAIR, and
female end to connector on the Disk Drive marked "To Controller".



C) MULTIPLL DISK DRIVE CONNECTION:

1. With multiple Disk Drives, the Disks should have sequential
addresses (i.e., for'a 3 drive system you should have Disks
with addresses P, 1, and 2). They may be connected in any or-
der. There serial # sticker has the Disk Address written on
it. The Disk Address is determined by four jumper wires in
the Disk Buffer P.C. card inside the Drive, and may be changed.

2. Connect the Disks by using the 6 ft. flat cable. Connect the
male connector to the connector marked "From Next Disk" on the
Disk Drive connected to the Controller. The other end of the
cable connects to the next Disk Drive connector marked "To Con-
troller". This procedure is repeated for added Disk Drive.

ITI. USING THE DISK DRIVE:
A) DISKETTE INFORMATION:

1. Always keep Diskette in envelope when not in use.

2. Keep Diskette away from heat, magnetic fields (flourescent
lights, power transformers, etc.) and dust and dirt.

3. Never togch recording surface of Diskette (opposite label
side).

4. Always mark your Diskette with what is on them. Use adhesive
labels, but don't write on them after they are attached
to the Diskette. '

5. The Diskette used is hard Sectored (32 Sector holes, 1 index
hole). Blank Diskettes are available from MITS for $15.00
each. The Diskettes are not IBM compatible.

B) OPERATING THE DISK DRIVE:

Open door to Disk Drive by pulling out and down.
Insert Diskette into Drive with label side up, making sure
it catches on retaining tab.
Close door to Disk Drive.
If Disk power is on, wait 10 seconds, after closing door
before activating any programs to access the Disk. MWait
10 seconds after turning power on with Diskette in Drive
before activating any programs to access the Disk. This is
to allow motor speed to stabilize.
5. NEVER: open Disk Drive door or turn power off when Disk Enable
and Head Load lights are on. There would be a good possibili-
ty that you would interrupt the software during a write func-
tion, and destroy data on the Diskette.
6. Consult software documentation on methods used to load basic or
use software. For applications where the user wishes to
write his own software. See last section, "Controller I1/0
Information".

S w nN —




ALTAIR DISK CONTROLLER I/0 INFORMATION
A. Address codes for I/0

Address Mode

1. Ds7=7 p1p “5i'  Out Select, latches and enables controller
and disk drive.
2. PsTA PP In Indicates status of disk drive and controller.
3. reschtpn /9N Out Controls disk function.
4, POSCE PN In Indicates sector position of disk.
5. DUATY P12 047 Qut Write data.
6. T P12 In Read data.

B. Definitions (In order as listed above)

%
1. Selection of Disk Drive "OUT" on CH #p19 E>57<”

DP LSB Enables 1 of 16 drives (each drive has a unique ad-
D1 dress, selected by 4 jumper wires) and enables con-
D2 troller (on disk drive buffer P.C. card).

D3 MSB

D4

D5 Not used, don't care.

D6

D7 Clears disk control if set to 1 (D0O-D6 don't care).

Disables disk control. Disk control also cleared
by opening door of disk drive or turning disk drive
power off.

NOTE: a) If disk drive door is open, drive and controller
cannot be enabled.

b) If disk power is off, drive and controller cannot
be enabled.

c¢) If disk interconnect cable is not connected between
the controller and the drive, drive and controller
cannot be enabled.
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Status (P19 - INP) indicates disk status when drive and controller
enabled. Also gives valid "INTE" status (D5) from the ALTAIR bus
when controller enabled.

True condition = 0, False = 1.

A1l false if disk and controller are not enabled, and all false if
no disk in drive.

DP - ENWD - Enter new Write data - indicates write circuit is ready
for new data byte to be written. It occurs every 32 us and
starts 280 us after sector true (when Write enabled). It is
reset by outputting to the Write data channel (012).

/Dl - Move Head - Indicates head movement allowed when true (step

IN, step OUT,). Goes false for 10 ms, true 1 ms, false 20

ms after step command. May step every 10 ms. Goes false for
40 ms after head load. Goes false during Write and 475 us
after Write to allow completion of trim erase.

D2 - HS - Head Status - True 40 ms after head loaded or step command
(if stepping with head already loaded). Indicates when head
is properly loaded for reading and writing. Also enables sec-
tor position channel when true.

D3 - Not Used, = 0.

D4 - Not Used, = 0.

D5 - INTE - Indicates interrupt enabled.

D6 - TRACK 0 - Indicates when head is on outermost track.

D7 - NRDA - New read data available - indicates that the read cir-
cuit has 1 byte of data ready to be taken from the read data
channel (012). After the SYNC* bit is detected, it occurs
every 32 us and is reset by an input instruction on channel

P12. The byte containing the SYNC bit is the first byte
read from the disk.

See "Write Enable"
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Control (P11 - Out) - Controls Disk operations when disk drive
and controller enabled. A true signal, logic 1, on a data line

will

Lg -

D2

D3

D4

D5 -

D6 -

D7

control the disk as foilows:

Step IN - steps disk head in one position to higher numbered
track.

Step OUT - steps disk head out one position to Tower numbered
track.

Head Load - loads head onto disk - enables sector position
status.

Head Unload - removes head from disk surface, may be unloaded
immediately after "Write Enable" (write and trim erase circuits
hold head loaded until through).

IE - Interrupt Enable - enables interrupts to occur when SRP
true (see sector definition).

ID - Interrupt Disable - disables interrupt circuit. Interrupt
circuit also disabled by clearing disk control.

HCS - Head Current Switch - must be true when outputting a write
instruction with the head on tracks 43-76. This reduces head
current and optimizes resolution on inner tracks (automatically
reset at end of writing a sector).

Write Enable - initiates write sequence as follows:
1. Disk selected and enabled, head loaded, enabling sector status.

2. (Sector True) detected for desired sector, write circuit
enabled by software.

3. 200 ps from Write Enable, trim erase automatically turned
on. 280 us from start of sector, "ENWD" goes true, sync
byte written by software.

4. First byte written always has most significant (D7) bit A
"1" (SYNC Bit) (most sifnificant bit written first). ™

5. ENWD goes true every 32 us. MAX. no. of data bytes per
sector 137 (including SYNC). .

6. Last or 138th byte written must be a 000. This will be
written for the remainder of the sector. Ignore "ENWD"
from this point to end of sector.

7. At end of sector, the write circuit automatically disabled,
trim erase disabled 475 us later.



NOTE: a) ‘Write circuit wi]i continue writing last byte out-

putted on CH #p12 to the end of that sector.

b) tHead may be unloaded anytime during write cycle if no
read or write function is expected after current write
cycle. Once Write is-enabled, it holds the head loaded
for the required time. (For writing and trim erase).

Sector Position (P11 - INP) with disk drive and controller enabled,
and 40 ms after head is loaded, the sector information is as follows:

DP - SRP - Sector True - True when = 0, and is 30 us long. The
write mode should begin as close as possible to the time that DP
goes true. Write data will be requested 280 us after D@ goes
true. Read data will be available 140 us after SRP goes true.

SECTOR # P 1 2 3ieeeni... et eeeeeneeiereeaeaas 31
D1-SR1- /N T R D 1
D2-SR2- /N R R 1
D3-SR3- I R R 1
D4-SR4- B 0B B B 1
D5-SR5- I R R R 1

Write Data (p12-OUT) Outputted on the "ENWD" status request.
Read Data (P12-IN) Inputted on the "NRDA" status flag.



READ/WRITE TIMING
DURING READ OR WRITE FUNCTION

NEW READ DATA AVAILABLE

(NRDA) |<—32ps —efa—32 s —»|
o 1= U

ENTER NEW_WRITE DATA true o
(ENWD _J4-6 {Board 2) — | DOWN TIME DEPENDENT ON SOFTWARE CYCLE TIME

Fa-4

SECTOR TRUE —*{ [=— 30U

(BOARD 1) .
F4a-5

WRITE DATA ENABLE B
]

(BOARD 1) :
WRITE ENABLEF.F. -
(BOARD 2) E2-9 ——J

ENWD (Board zlij_;s '

TRIM ERASE
(BOARD 2) 44 -9
READ CLEAR

Fl-4
(BOARD 1) | reopsfe- l |
NRDA (BOARD 1)83-13  —=— 280 vs —=JIITTTTImmimmmmmm____




DISK SYSTEM BLOCK D

IAGRAM

ALTAIR BUS

BOARD |

BOARD 2

|. ADDRESS SELECTION.
2. SECTOR CIRCUITRY,
3.READ CIRCUITRY.

4.STATUS OUTPUT.

I. DISK ENABLE CIRCUIT.

2. WRITE CIRCUITRY.

3.DISK DRIVE CONTROL
CIRCUITRY.

/N
ALTAIR CABINET
18 PAIR CABLE
DISK DRIVE CABINET
DISK
POWER BUFFER PERTEC
BOARD FD 400
SUPPLY (ADDRESS DRIVE
LINE DRIVERS)

!

TO NEXT DISK DRIVE




FROM NEXT DISK
I 1 DISK BUFFER DISK DRIVE

g

/mAA/M\/WV\//MAAA e STATE
I LINE DRL/ERS l PERTEC FD-400
| RECEIVERS I
P l
€ T DISK POWER l DOOR OPEN
> HEAD CURRENT SW i » HEAD CURR SW
L
> ; TRIM ERASE TRIM ERASE
1
> r WRITE ENABLE WRITE ENABLE
l
> ! WRITE DATA l WRITE DATA
. STEP IN } STEP IN
> |
< STEP OUT i STEP OUT
”
. HEAD LOAD HEAD LOAD
”~
TO __| €« 'r INDEX INDEX
CONTROLLER
€& i TRACK O [ ' DRIVE MOTOR ON
< 'r READ DATA TRACK &
I i READ DATA
>DISK_ADDRESS A T :lzi‘; IT
>- 8 . DISK +5V [-5V [+24V
¢ i ADDRESS ‘
> + AND
D ENABLE |
> POWER SUPPLY
DISK ENABLE DISK HEAD
> I ENABLE/ \ LOAD

1
l =

] 117 VAC
|—-— — — _..._..__] INDICATORS

88 DISK BLOCK DIAGRAM



SHEET | EXTERNAL CONNECTIONS AND ADDRESS SELECT

DISK CONTROLLER BLOCK DIAGRAM

TO
- DISK
DRIVE

BOARD | —l
&L/Téﬁ: DISK OUT 012 (WDS) BOARD 2
CONTROLLER
STATUS 4 LINES ADORESS outr 010 (DCL) | _I
ALTAIR SELECT
ADDRESS >—f— CIRCUIT ouT o teo) l
LINES 8 LINES l N WRITE WRITE DATA I
CIRCUIT I
—| | © R
ALTAIR l o|o| S 2MHZ %|
2 MHZ > — zlzl= cLoCK
cLock i i |
SECTOR/ <
< _INDEX INDEX I
F/ "1 circuIT K i DA-A N
actair ) | DISK | oa-8 2
DRIVE U ba-c 4
SELECT Toao —>
i CIRCUIT 1 >
9 READ I DISK ENABLE N
>-READ DATA > CIRCUIT | 5 o
I ! STEP IN N
FROM STEP OUT N
DISK — ! DISK HEAD LOAD 2
DRIVE FUNCTION HEAD CURR [
5 CONTROL WRITE ENABLE <
< TRACK ¢ STATUS CIRCUIT TRIM _ERASE ;
- CIRCUIT | J -
I ! J _}; l 8 LINES
T 8 LINES A
ALTAIR ALTAIR D10-D17 OUTPUT
PINTE BINT OR fLTAH; DATA

< DISK POWERED
L

STATUS y17

NPU
DATA




DISK CONTROLLER BLOCK DIAGRAM

SHEET 2 INTERNAL CONNECTIONS
BOARD |
'] Dpisk EnABLE (DE)
t
STaTuS PG DISK
CONTROLLER
VALID SECTOR ADDRESS
DATA SELECT CIRCUITS
SECTOR REQUEST
BOARD 2
ssc'ron/ WRITE DATA ENABLE (WDE) l WRITE
INDEX START OF SECTOR CLEAR (S0S) CIRCUIT
DISABLE CIRCUIT
SECTOR
INFO
READ CLEAR WRITE ENABLE
DISK
READ DRIVE
CIRCUIT SELECT DISK ENABLE
CIRCUIT
NRDA '
L (DE) (WE)
» DISK
STATUS FUNCTION
CIRCUIT CONTROL
CIRCUIT

INTERUPT _OUTPUT (INT)

HEAD STATUS (HS)

MOVE HEAD  (MH)

ENTER NEW WRITE DATA (ENWD)




L Qt TIP 145
P8388 4 j————— I A
! YEL R Ely NSt s Bi2av
BLCK 2A 1 :gqav:c : (DISK DRIVE)
117 S8 3 GRN/YEL cl |
— +
VAC 3 2000pt | | +] ¢3
STE T ||k sov | | 5oV
3
Y 3
40
T2
PROG R2
XFMR 750 5W
AAA
o
c
E s X2 » I +5V
: DISK ELECTRONICS
- s 7805 *l DISK BUFFER
- [4 D
3 L Lo 3 "L St E
S 3300 uf ip P
T'GV H 50V '[ 50V RETURN
LK ¢ ¢ RETURN
E c CH. GND
l £ BLUE .
BLCK || wHiTE 8 IDl' IN4004
F 12V AC
= 400MA X3
o 7 | 2 H
p ORANGE 4, ¢ ds 7805 Ep- . O RETURN
12y AC A
E aooMA ¢ D2 c7 cs 3 .| co
T o—j— 10004t At 35
IN4004 25v I 50V -[ SOV
J
: : . O -5V
FAN DISK ELECTRONICS

¥ HEATSINK ON CHASSIS

DISK DRIVE POWER SUPPLY



88~DISC
PARTS LIST
JANUARY, 1976

BAG 1

pd b PN N

2

74130
7805
782%
8T97
8T98
9601

G 2

s W WP

B

olmf 12v
o1mf 50v
33mf 50v
500mf 15-25v
1000mf 25v
2200mf 50v
3300mf 16v

G3

Pod b gt et (D
~

2

150 ohm *w
330 ohm 3w
1k 3w
39k Aw
705 Ohl'n Sw
33 ohm %w

G 4

~!

B b= el et DO N WO et

NWN =

AG 5

——e———

220 ohm %w
RL21

V3048

IN4OO4

TIP 145 or 146
ING14

Mica Washer &
Bushing

12ft. 18 Pair
Cable

6ft. #20 Black

2ft, #20 Orsnge

3ft, #26 White

101082
101074
101079
101040

-101045

101033

100348
100312
100311
100310
100365
100376

100315

101915
101926
101928
101967
101987
101921

101925
100702
100711
100718
102820
100705

103066
103062
103063
103060

BAG 6

o

h:$~h:c\h:kﬂ&:tg¥\£~h:$~c\c\c~a>hnusNc»

B

PREEPONNR WS

#4-40 x 5/16" Screw

#=-40 x %'" Screw Flat Head
#4=40 x 1" Screw

#=40 Nut

. #& lock Washer

#: Flat Washer .

#6=-32 x 3/8" Pan Head Screw
#6-32 x %" Pan Head Screw
#6=32 x 5/8" Pan Head Screw
#6-32 x 3/4" Pan Head Screw
#6=-32 x 1" Pan Head Screw
#6-32 x 2" Flat Head Screw
#6=-32 Nut

#6 Lock Washer

#6 Ground Iug

.15" Spacer

"5/16" Spacer

.6'" Spacer
#6 Flat Washer
#6-32 % ¥'" Screw

G 7

Heat Sink

Heat Sink Spacer 5%"

Disk Drive Spacer 9"

Right Angle Bracket

Strain Relief

Terminal Block

Insulated Terminals

Fuse Holder

DC37S Connector

DC37P Comnectoxr

DC37 Comnector Cover .
Toggle Switch STI1-1C

44 Pin Edge Conn. &{Key Pin)
Fastwrap 101660
Heat Sink Grease

" Fuse 2ASB 3AG

B

P Y e el el el

Power Cord 3 Wire

Disk Mechanism (Pertec)
Case .
Disk Rail

Fan Filter

Fan and (4) clips
P~8388 Transformer
Programmexy Trangformer
Diskette

Powar Supply PC Beoard
Buffer PC Board

YALTAIR DISK'" MNameplate
Serial Mumber Stickex
Assy, Theory, 0P lManual

100912
1003903
100913
100932
100941
100940
100925
100918
100916
100935
100919
1060937
100933
100942
101801
101823
101829 .
101824
100943
100917

101775
101835
101841
101717
101719
101868
101803
101813
102114
102115
101799
101879
161800
103037

101762

101742
FD-400
100511
101862
101757
101869
102612
102609
101712
100171
100172
101808
101833
101531



88-DCDD

PARTS LIST
JANUARY, 1976
DAG 1

5 74100
6 74102
8 74104
3 74L10
1 741811
1 74120
1 74130
7 74173
2 741574
5  74L75
1 7493

8 74123
1 74164
1 74166
3 93L16
5 8T97 -
1 8T98

2 7805
BAG 2

37 .1mf 12v 20%
BAG 3

430pf 500v 5%
910pf 500v 5%
.001mf 1kv 207
0lmf 16v 207
«047mf 100v 5%
+Imf 100v 5%
«22mf 100v 5%
.68mf 100v 5%
1,0mf 100v 57
4.7mf 16v

10mf 16v

33mf 16v

g Bt et e DO N DO e N et

G 4

220ohm 3w 5%
33Cohm 4w 5%
1k % 5%
5.6k w 5%
6.8k dw 5%
10k *»w 5%
15k 3w 5%
16k %w 5%
20k iw 5%
39k iw 5%

W NN D

101080
101072
101073

- 101081

101089
101039
101082
101084
101088
101075
101030
101060
101091
101092
101093
101040
101045
101074

100348

100322
100356
100328
100321
100332
100339
100349
100343
100373
100351
100350
100326

101925
101926
101928
102091
101931
101932
102083
101942
101940
101967

BN RN

BAG 5

IN914

#6~32 x 3/8" Screw
#6-32 Nut

#6 Lock Washer

#-40 x 3/8" Screw
#4=40 Nut

# lock Washer

3ft, 18 Pair Cable

37 Pin Adapter Bracket

G 6

(=]

Buss Strips
100 Pin Edge Connector
DC37S Connector

10 Pin.Right Angle Wafer

20 Pin Right Angle Wafer
10 Pin Connector

20 Pin Connector
Terminal Pins

Polarizing Keys
Fastwrap

Heat Sink Grease

Heat Sink (large)

Card Guides

MISC:

1
1

Controller PC Board 1
Controller PC Board 2

100705
100925
100933
100942
100908
100932
100941
103066
101795

101805
101864
102114

- 101798

101788
101720
101789
101723
101791
103037

101870
101714

100173
100174
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JA 7808

\tSV (REQ)
V4

Al

I

F

[

1K STATIC MEMORY ON-BOARD REGULATOR

3 =<
350F
ey

880-108

=< sc 20
1o SUPPRESSOR CAPS (20)

——
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| icp

cl2 =

.1 wF
eV

o
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\
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&

JA 7800

4>+5 V(REG)

[

880-104
DISPLAY/CONTROL ON-BOARD REGULATOR
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sc 20
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Reprinted from July, 1976, Computer Notes

Disk Hardware Notes

By Tom Durston

If you are having difficulties with your 88-DCDD hardware,
follow these guidelines for servicing:

A. Controller Boards:

1. On Controller Board #1 be sure the bus strips are
soldered on both the top and bottom of the P.C.
Board. Do not apply pressure to bus strips after
installation.

2. On Controller Board #1 jumper the top end of R16
(VHB) to -the track-from pin 7 .of IC F2- (on back of
‘card). This tfes floating inputs of sector logic
high to prevent noise pickup.

3. On Controller Board #1 check the track from Pin 9
of IC H1l where it goes through the board on the
plated hole. Some P.C. Cards had shorts to the
adjacent track on the back of the card.

4. On Controller Board #1 check jumper wires to be
sure there are no shorts to bus strips (insulation
on wires melted), and check jumper wires for cor-
rect wiring.

5. On both Board 1 and 2 check Stab Connector for
shorts on fingers. File at an angle along the
length of the Stab Connector and the bevel edge
of the card to remove any shorts.

6. Be sure all interconnect cables are wired correctly
: and the pins are making good contact.

7. Check one shot timing on both boards as follows,
- using the Disk Test Program that appeared in April
'76 Computer Notes, pages 12 and 13.

a) Controller Board #1:

FUNCTION IC and PIN # POSITIVE PULSE WIDTH RANGE
Read Clock Mask IC Al Pin 13 0.7us to 1.2us
Read Data Window IC Al Pin 5 2.6us to 2.9us . .
Sector Pulse Mask IC E1 Pin 13 150us to 600us 3"~
Index Pulse Window IC E1 Pin 5 3.3ms to 4.5ms

- Read Clear IC F1 Pin 13 130us to 150us
Index Pulse Verification IC F1 Pin 5 3.3ms to 4.5ms
Sector True IC F4 Pin 13 20us to 40us

Write Data Enable IC F4 Pin- 5 250us to 300us



b) Controller Board #2:

FUNCTION IC and PIN # POSITIVE PULSE WIDTH RANGE
Repeat Step OK (Status) IC Al Pin 13 0.4ms to 0.8ms-.

Step Inhibit 1 (Status) IC Al Pin 5 9.5ms to 11.5ms

Head Settle IC Bl Pin 13 35ms to 70ms

Step Inhibit 2 (Status) IC B1 Pin 5 17ms to 30ms

Trim Erase Start Delay IC B2 Pin 13 180us to 225us

Trim Erase End Delay IC B2 Pin 5 420us to 520us

Disk Enable Timer IC B3 Pin 13 1.5us to 4.5us

Disk Power Disable IC B3 Pin 5 1.5us to 4.5us

c) If the measured time constants are not within
the specified tolerance, vary the resistor value
for the one shot affected.

d) We have had difficulty using National 74123 ICs
for B3 on Board #2. Replace with Signetics or
TI ICs if you suspect problems. )
8. If you. are u51ng 4K Dynamig- -cards, be sure ‘they are
~ -using’only one wait state. See May '76° Computer
Notes, pages 9 and 10.

9. Check the Power Supply to be sure the negative peaks
of the +8V unregulated do not go below +7V.

B. Disk Drive Chassis:

1. On the Buffer Card the most common difficulty is incorrect wiring
or incorrectly installed ICs.

2. On the Power Supply Board be sure X1 and X3 are properly installed
as indicated on the errata sheet.

3. If you suspect difficulty with the Disk Drive, DO NOT attempt to
service it. Any work done on the Pertec FD-400 will void the
warranty. Typical service charges for customer damaged FD-400's
are $100.00.

4. Do not plug the FD-400 connector in backwards. Be sure to install
the polarizing key as the instructions indicate. Plugging “in the
connector backwards will destroy 5-10 ICs and will cost at least
$100.00 for repair.

- -

5. If you must ship ‘the Pertec FD-400 or complete Disk Drive Unit,
reinstall the Disk door block or strap. .Any damage to the mechanlsm
as a result of incorrect shipping typically costs the customer
$100.00 in repair charges.

6. Our dealers now have Pertec FD-400 service manuals. If you suspect
difficulty with the FD-400, contact your nearest dealer for his
advice and service.

7. If you can't remedy the difficulty, don't try to save postage by
just returning the FD-400 alone. Please return your complete 88-
DCDD including Cables, Controller Boards, and Drive Chassis. This
will allow us to check your system out completely and save you time,
money, and hassle. .



26)

27)

}Pag:% )

The new Checksum Loader will display 7647 on the address 1lights
when running properly. When an error occurs (checksum "“C"-bad

- data, memory "M"-data won't store properly, overlay “O"-attempt

to load over top of the checksum loader) the address lights will '~
_then display 7637. The ASCII error code 1is stored in the
~accumulator (A) and is being output on channels 1, 21, and 23. -

Whén)the tape finishes reading, the MONITOR should start up - and

print the  normal prompt - ? . If you are loading from
cassette, 'STOP the player immediately so other files can be
loaded.



[ Y ' Page 56

AppendixAE.

Audlo Cassette Users

The followlngrtaﬁxegshows the order and 1length of files on the
cassette of*Package; 5 : .

. Program '-.fr Q}v ’ Time from Start of Tape

Name gt : (in seconds)
TG P
MONITOR R 13 - 125
©OASM: o COR e L 120 - 230
CBDT o o T 240 - 3190
- AM2 PR ER o , ' 320 - 415
DBG j.;‘:;,_ L e 439 - 5180

When recordlng a‘new flle on a cassette, posxtloﬁ the cassette
the last filelt- When using either the editor . or- assembler’ to-'dump
’the recorder a few seconds ‘before fllpplng ‘sense

after

the action taken for wvarious special

returns to the calling program
in the line length returned. A
input is being echoed.

Only a line feed is echoed. See above.

$ is echoed. See above.

?Tnd of file, branches to address given in control

emg T Interrupt I/O

Package II-po"fﬁggorts input interrupts from the terminal device.

he:Altair can be wired for input interrupts directly to
‘the. bus Lntez, t%3ine (PINT) , or to the lowest priority on the vectored
‘interry t card’,. £ the terminal 1is set for interrupts, typing a
<Contro ;w;llfstop execution of a program and return to the monitor.
All: reglsters a:e " saved in the register save area as described in the
mon1tor sectlon of thls manual.

..v“ o
o
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E. Cl1 =,
g [c27 | ~-c2<{] Tcas

L%

POLY | O SCHEMATIC

©1976 LRC.

v

OPTIONAL POWER SUPPLIES

ga>-£8+ 2
Ea>-23% © (@\oogw\gﬁ 0 7
E>-Al0s H7aLs30 % 7aLsia . Dig- 3 A2
R AAE: 18| g+ 5 B> 8 0
ez ] 1es 3 oD mooe S E
G >
BS>A13+ 2 1IC3 Dit+ 5/ a s
E-Ala+ 12 [l <8
o B0 56/“‘\/7 - °
1 A .
@23”:; Yg /4741513 ali2r '1,){ 14 - !
E>-MEMBG o 21105\ 8 D03+ 14\@‘ =
®S|NP+ {)/ 2] 22> 6/ ~ <
13 S D3 ns]2 o <
Pee) O (&}
@4 < gplo4- ¢ 7/3 o E
yc3. 1| 2 7aL 51 S Dia + v? s'1 4
741514 574L513 ED> — ){ °
PWR ‘ iIC2 S+ 1
R4 8 al & ):6 .5.9/‘-00 26/1 _ ° a
i [: s : T g b
, - ‘ . - 5= )9\ 0
G206+ & \76 -
@0{6»« 11\/38\1_2 °
D07+ 2 3
+5V +5y e 7 0
DI7+ ‘3/1@ X
9| 7 Ri%"-%RG B> — 2 .
A2 1 2 14 1
A3+ 13 13
B> n Dip |2 8 8097
A2+ 3l 1ca |4 12 3 .73
AS+ 13 12 11 4 4
g}}.«.“ 5| 8121 |6 10| swiTCH[ 5 5 g‘o
AT+ 11 10 9 6 N T R
B> 3 7 0 !
p——*0 '
Ly ] e o B
> A . I b 19 14l 7aLs 20 L C -
: 139 pi@__ 1 wr- 33l I T
> AL+ 5 5 13 ) ‘ @ 34 35
4BV vsv o R7 © R8
> B> B>
s | 7|8((:)95 I ] ' o1 Loel ¢l l D2 Cl C‘L l
+ "0 : %S\ 29.[ 30_]— Vout+ 3 32] vout-
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(USER PROVIDED COMPONENTS!
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MITS, Inc. 197

PRELIMINAKY DOCUMENTATION RELEASE

This manual is incomplete in its present form. This
page and an additional section will be sent to you
within a short period for insertion.

This documentation contains the entire assembly and
check-out information for both the disk controller
and drive units. fThe Theory of Operation and some
additional information will be in the insertation.
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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 comporients 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)

g Stre e oo | - components
Ll 1o N ~——yet to be
DQ!,QIV o % installed
; L
l 3

installed

I A '
5 2 6@ © “toved
o
W*]LJF AN : '5)- B o components
b | | o ig) < ’////””;f—being

previously LE T | h
installed e~ °© . |« ‘ . o ‘

components T
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COMPONENT INSTALIATION METHODS

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

Read these instructions over very carefully and
refer back to them whenever necessary. TFailure to
properly install cawponents may cause permanent
damage to the camponent 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 procede with an
assanbly 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.

i

“




PIN i ) PIN 1 PIN1 Y PINt o

7
PINT [T PNt ' PINt [ PIN 1
PINT[O ' PINt [

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. REVFER 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: INCORRFCTLY ORIENTED LC's MAY CAUSE PERMANENT DAMAGE!
2 € & i THE DiGWING ON THE LEFT TNDICATES VARIOUS
- 25 w E‘ N ~ LT - T ) [P
b METHODS USED TO CHOW T{1% POSTTTON OF IC's
: L ON THu PRINTED CIRCUIY LOLIDS THESE ALE
f b SILK-SCREENED vLikCeLY Od THE BOARD. THE
? : b ¢ ARROWHEAD TINDICATES THE DPOSITION FOR PIN 1
* 8 — WHEN THE IC IS INSTALLED.
;
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IC Installation

All ICs must be oriented so that the 4,
notched end is toward the end with

the arrowhead printed on the PC board.

Pin 1 of the IC should correspond with 5.
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: 6.
All ICs are damaged easily and should be
handled carefully — especially 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,
CARFFULLY straighten any bent pins using
necdle-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 P’in 1 coincides
with the arrowhecad on the C board.

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

3. Iower 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
pressurc, and ixy again. Be pationt.
The tip of a small scrowdriver may
be used to help guide the pins into
place. VWhen the tips of all the pins
have been started into their holes,
push the IC into the board the rest
of the way.

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

Turn the board over and solder each
pin to the foil pattern on the back
side of the board. Be sure to sol-
der each pin and be careful not to

leave any solder bridges.

Turn the board over again and remove
the piece of masking tape.
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Resistor Installation

For example:

Resistors have four (or possibly five) color-coded bands
as represented in the chart below. The fourth band is gold or
silver and indicates the tolerance. NOTE: In 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.

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 below,

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.
ver band denotes the 10% tolerance.
Use this process to chose the correct
resistor called for in the manual.

RESISTOR COLOR CODES

BANDS 3rd BAND

COLOR 182  (Multiplier)
Black 0 1
Brown 1 10
Red 2 102

. Orange 3 103
Yellow 4 10"
Green 5 10°
Blue 6 106
Violet 7 107
Gray 8 108
White 9 109

The sil-

2ND BAND
VIOLET 4TH BAND
IST BAND SILVER

RED

3RD BAND
YELLOW

Use the following procedure to install
the resistors onto the boards. Make
sure the colored bands on each resistor
match the colors called for in the list
of Resistor Values and Color Codes given
for each board.

1.

L ]

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 ir*o the cor-
rect holes on the silk-screened side
of the PC board.

Holding the resistor in place with -
one hard, turn the board cver and
bend the two leads slightly outward.

Solder the leads to the roil pattern
onn tha back side of the board: then
clip off any excase lead lengths.




Capacitor Installation

A. Electrolytic and Tantalum Capacitors

Polarity requirements must be noted on

the electrolytic capacitors and the tan-

talum capacitor before thiey 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 followind.

ELECTROLYTIC

CAPACITOR

One type will have plus (+) signs on the

positive ond; 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.

The tantalum capacitor is metallic in

appearance and smaller than the elece-

trolytic capacitors. Its positive end
has a plus sign on it or a red dot.

Refer to the chart inciuded for each
board for correct Capacitor Values and
install the electrolytic capacitors and
tantalum capacitors using the following
procedure.

1. Bend the two leads of the capacitor
at right angles to match their re-
spective holes on the board. Insert
the capacitor into the holes on the
silk-screcned side of the board. Be
sure to align the positive polarity
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 cach
board for correct Capacitor vValues, 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. Insert the capacitor into the cor-
rect holes fram the silk-screened
side of the board. Push the capaci-
tor down until the ceramic insula-
tion almost touches the foil pattern.

3. lolding the capacitor in place, turn
the board over and bend the two leads
sl ightly outward.

4. Solder the two leads to the foil
pPaiieirn on Lhee ok side of the
erd; then clip off any oxcoss Toad

1 Y

lorgehs. -




Transistor Installation

To install transistors, use the foll-
owing instructions.

NOTE: Always check the part number of
each transistor before you install it.
(See listing of Transistor Part Numbers
for each board.) Samne transistors look
identical but differ in electrical char-
acteristics, according to part number.
If you have received substitute part
nunbers for the transistors in you kit,
check the Transistor Identification
Chart which follows these instructions
to be sure you make the correct sub-
stitutions. ’

NOTE: Always make sure the transistor
is oriented so that the emitter lead is
installed in the hole on the PC board
labeled with an "E." To determine
which lead is the emitter lead, refer to
the Transistor Identification Chart.

1. After the correct transistor has
been selected and the leads have
been properly oriented, insert the
transistor into the holes on the
silk-screened side of the board.

2. Holding the transistor in place,
turn the board over and hend the
three leads slightly ocutward.

3. Solder the leads to the foil pattemn

on the back side of the board; then
clip off any cxcess lead lengths.

B e

Sk

Diode Installation

NOTE: Diodes are marked with a band on
one end indicating the cathode end.

Each diode must be installed so that

the end with the band is oriented towards
the band printed on the PC board. Fail-
ure to orient the diodes correctly may
result in permanent damage to your unit.

Use the following procedure to install
diodes onto the board. Refer to the list
of Dicde Part Numbers included for each
board to make sure you install the correct
diode each time.

1. Bend the leads of the diode at right
angles to match their respective
holes on the board.

2. Insert the diode into the correct
holes on the silk screen, making
sure the cathode end is properly
oriented. Turn the board over and
bend the leads slightly outward.

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




TRANSISTOR IDENTIFICATION CHART

R T
i ”F M M
%LE [ty o ) HL"
Sl I A % O A D
SMALL e { 9
FLAT FL AT FLAY‘)(( lf)’ J FLA"
FLAY
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I R I O
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@ bookg € (}!S\" «\;‘A

gnz907¥ MPF-105 TIS98 DI3T2 $T2907
€s4438 3 Tis 92 ST 98
54439 MPE -1 ZN60z8 538473
€S4437 2N5210
nazso 24410
2N 3642
N304 (NO FLAT) EN4410
' PN2907
2N2907
EN2907*
l

IN THE TLLUSTRATION AGOVE THE OUTLINE OF EACH TYPE OF TRANSISTOR IS

SHOWN OVER THE. PADS O THLE CIRCUIT BOARD WITH THE CORRECT DESIGHATION
FOR EACH OF THE THREE LEADS. Ust THIS INFORMATION TOGETHER WITH THE
INFORMATION IN THC ASSEMBLY MANUAL FOR THE CORRECT ORIENTATION OF THE

TRANSISTORS AS YOU INSTALL THEM,
THE FOLLOWING IS A LIST OF POSSIBLE SUBSTITUTIONS: IF ANY OTHERS ARE

USED YOU WILL RISK DAMAGING YOUR UNIT:
PHAAT0 = ENAIT0 = CSA410 = Ci437, €S438, 11598, ST98, 38473 (ilPN)
[N29N7 = 202207 = PHRGO7 = ST2907, c.me (Piir)

WHEN MAKING SUDSTITUTIONS, REFER TO THE ITLLUSTRATION 1O DollRNMINE THE
CORRECT OR Ir.HmI o FOR THE THREE LEADS.

*Confiquration of the loads on LHZ207 may vary.
6
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CASE TOP REMOVAL

Remove the top from the Disk Drive case
by withdrawing the two screws indicated
in the drawing below. Slide the case
top backwards, lifting the back slightly,
to remove it entirely from the chassis.

Also remove the 4 screws in the side of
" the case bottom, and remove the entire
chassis assembly.

v

? ——————
/
/

&

&

\

—=C CK-PLREL

) \—‘(2.\‘*642 SCPREWS
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DISK DRIVE BACK PANEI, ASSEMBLY

Remove the back panel from the case by
withdrawing each of the four screws in
the corners of the panel. These four
screws are shown inserted in the draw-
ing below.

Save these four screws for remounting
the back panel later in the assembly
procedure.

e
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Terminal Block Installation

Mount the terminal klock to the back panel
as shown in the drawing below. Use the
screw sizes and other hardware indicated

in the drawing.

NOTE: Be sure that the back panel is

oriented as shown; be careful
not to mount the terminal block
on the wrong side of the panel.

Tighten all four screws firmly into place.

(4)¥6-32X 5/8"
" SCREWS

(46 LOCK\WASHERS
AN PANEL /
(4Y'6-22HUTS—
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Transformer Installation

There are two transformers included in
this kit. The larger of the two will be
refered to as Tl, the smaller as T2.

Wire Preparation

Before mounting these transformers, the
wires must be cut to the proper length
and screw-mount crimp terminals attached
to each of them. There are also three
wires which will not be used at all, and
will be cut off at the transformer coil.

Refering to the drawing on the opposite
page, cut the wires on transformers Tl
and T2 to the lengths indicated. The
three unused wires should be cut off at
the point where they enter the trans-
former coil itself.

Next, as indicated in the bottom of the
drawing, strip exactly 1/2" of insula-
tion from each of the eleven wires and
bend the exposed portion in half to 1/4".

There are several screw-mount crimp ter-
minals included with this kit, These
have a slot in one end and an insulated
portion on the other end (usually red)
for attaching wires. One of these crimp
terminals must be attached to each of
the eleven transformer wires,

Insert one of the wires inta one of the

terminals as shown in the drawing. Push
the wire in as far as it will go without
distorting it or pushing it all the way

through.

The wire should then be permanently con-

nected to the terminal by either soldering

it in place or crimping. To crimp the
terminal use a crimping tool, if avail-
able, or else flatten the insulated por-

tion of the terminal as tightly as possible

using pliers.

Prepare each of the eleven transfoirmer
wires in the above manner. '

4
¢

Mounting

Refering to the drawings following the
"Transformer Wire Preparation" drawing,
mount transformers Tl & T2 to the back

panel.

NOTE :

For proper orientation, transformer
Tl should have the two yellow wires
towards the top of the panel (with

reference to the drawings), and T2

should have the two black wires to-
wards the top of the panel.

Be sure to install a terminal lug
on transformer Tl as shown in the
drawing. This is a solder type
lug, and not the screw-mount type
used for the transformer wires.

Use the hardware indicated in the drawings
to mount the transformers and tighten the
screws firmly into place.

NOTE:

Save all wires that you cut off
for later use.

e
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Fuse Holder Installation

Refering to the drawing below, mount the
fuse holder to the back panel using the
rubber washer and nut provided. Tighten
it firmly into place.

Remove the cap and place the fuse provided
with your kit into the holder, then replace
the cap.

BACK PANEL

FUSE HOLDER

RUBBER—

WASHER %\ e
o




90° ANGLE CLIP INSTALLATION

The drawing below illustrates the hard-
ware and orientation for mounting the
90° angle clip included with this kit.

NOTE: One side of the clip is slightly
shorter than the other. The
shorter side should be mounted
against the back panel with the
longer side extending at 90°.

Install the clip as shown below and tighten
the screws firmly into place. Be sure that
clip remains "square" with the panel when
tightening the screws.

BACK PANEL

had T
6-32X3/8
SCRE W

/—”6-32 NUT

(4)"6 LOCKWASHER

AUGLET CLIP —

“g-32%3/8 "
SCHEW o

18




Fan Installation

Before the cooling fan is installed onto Refering to the drawing below, mount the
the back panel, two lengths of wire must fan and screen to the back panel using
be prepared and connected to it. the hardware indicated. For proper

orientation, the terminals with the two
There is some black wire included with wires attached should be towards the
the kit; cut two 6 1/2 inch lengths of bottom on the side nearest the terminal
this wire. Strip 1/2 inch of insulation block. The arrow printed on the fan
from one end of each of the wires, and to indicate airflow should be facing
1/4 inch of insulation from the other. towards the screen. The screen itself

has a bump on one side in each of the
In the same manner as described on page four corners. The side with the bumps

, attach a screw-mount crimp terminal should be towards the fan.

to the 1/2" stripped end of each of the
two wires. Tin the 1/4" stripped ends

of the wires by applying a thin coat of
solder.

There are two terminals on the fan in one
of the corners. Solder the ends of the
two wires opposite the crimp terminals to
the terminals on the fan.

]
(4W€-32X2|FLATHEAD
SCREWS

(4) CLIP-ON NUTS

PROTECTIVE
SCREEN

BACK PANEL

(4fsFL&TWASHERS—-4>;%%;O\
(4)"6 LOCKYASHERS _—

@) ¥e-32 nwuTS -

i8

Jv

peps—



Power Cord Installation

There is a 3-wire power cord included with
this kit which must be prepared as follows
before installation.

1)

2)

3)

4)

Strip 4" of the cord casing from the

wires by cutting a circle 4" from the
end and pulling off the black insula-
tion. Be careful not to cut into the
insulation on any of the wires inside.

The green wire inside should already
be at the correct length of 4 inches.
Cut the white wire to 3 1/2 inches,
and the black wire to 1 1/4 inches.
Strip 1/4 inch of insulation from the

"ends of each of the three wires.

Tin the
wire by
solder.

exposed 1/4" of the black
applying a thin coat of

Solder or crimp screw-mount crimp
terminals to the white and green
wires.

BACK PANEL

STRAIN
RELIEF

LINE CORD

4 ’
?

Place the strain relief, included with
the kit, over the power cord. Be sure
that the larger diameter end of the
relief is towards the male plug end of
the cord.

\

Be sure that there is approximately three

inches of the cord's black insulation

case extending beyond the strain relief¥,
then snap it into place on the back panel

as shown below.
* The black wire should reach to the

center of the fuse holder when the
cord & strain relief are in place.

oy
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Wire Preparation

Using the wire supplied with this kit,

and the length of yellow/green wire cut
from transformer Tl, prepare the power

supply interconnect wires according to

the foilowing instructions.

To avoid confusion, it would be best to
prepare these wires one at a time.

The list on the right indicates the color
of each wire, the length to which it
should be cut, and a reference "tag".

Use the following steps to prepare each

wire:

1) Cut the specified color wire to the
length indicated.

2) Strip 1/2 inch of insulation from
one end and 1/4 inch from the other.

3) Tin the wire exposed 1/4 inch by ap-
plying a thin coat of solder.

4) According to the instructions on
page ; connect a screw-mount
crimp terminal to the 1/2 inch
stripped end.

5) Approximately 5 inches from the 1/4

inch tinned end of the wire label it,
using masking tape, with the refer-
ence tag indicated.

An additional length of BLACK wire should
be cut to 22 1/2 inches and 1/4 inch of
insulation stripped from each end. Tin

both ends by applying a thin coat of solder.

Label this wire "FUSE".

21

Interconnect Wires

*From transformer T1,
This wire need not be

COLOR ILENGTH
Yellow/ 2
Green*
Black 22 3/4
Black 17 3/4
Black 17 1/2
Black 25

. White 18
White 17 3/4
Orange 17 3/4
Orange 18 1/2
Orange A18 1/4

labeled.

inches

TAG

- —— YT
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Back Panel Wiring

The disk back panel assembly may now be
completed by connecting all of the wires
to their appropriate locations.

(See drawing page 23)
Three solder connections are necessary

and should be made first. These in-
clude the black power cord wire, the

-yellow/green wire and the black 22 1/2

inch wire labeled "FUSE".

1) Solder the 1/4 inch tinned end of the
yellow/green wire to the solder lug
on transformer Tl.

2) Solder the black power cord wire to
the center terminal on the fuse
holder.

3) Solder one end of the black "FUSE"
wire to the other fuse holder ter-
minal.

The remaining connections will be made to
the terminal block.

The drawing (P.23) shows the proper orienta-
tion and connections for all of the wires
on the back panel. The "tags" on the wires
you prepared earlier refer to the numbers
shown on the terminal block.

The power supply is a critical
part of any electronic system.
Check the wiring here several
times to be sure you have it
correct. Be sure that each of
the wires is in the proper loca-
tion and that all of the screws
on the terminal block are tight.

WARNING:

Use the drawing below for reference and
connect all of the wires as indicated.
Match the "tags" on the wires prepared
earlier with the numbered positions on
the terminal block. There should be

a total of 25 crimp terminal connections
made to the block.

Where two terminals are to be con-
nected to the same screw, place
them "back to back". 1In this posi-
tion they will fit flat together,
and make a much more solid connec-
tion.

NOTE:

The ON-OFF SWitch may also be soldered in
at this time. Use the free end of the
black "FUSE" wire and the free end of t~
wire labeled "1" to connect to the switc.
terminals. There are three terminals on
the switch. Use the center terminal and
one to either side of it. (The switch
position towards the side where the con-
nections are made will be its OFF position.

Install the 4 tie wraps in the posi-
tions shown in the top drawing on

page 23.
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DISK POWER SUPPLY BOARD ASSEMBLY

NOTE: Save all component leads clipped
off during assembly until the
entire unit is complete. Some
of the leads will be used during
the assembly process.

RESISTOR INSTALLATION

Install the following 2 resistors
according to the instructions listed

on page § .

RESISTOR VALUES AND COLOR CODES

() Rl is 33 ohm (orange-orange-
black) 1/2 W

() R2 is 7.5 ohm, 5 W (this may
be color coded, violet-green-
3rd band white or gold; or it
may be a solid body color, with
the value printed directly on
the resistor itself.
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CAPACITOR INSTALLATION

CAPACITOR VALUES

Install the following 3 ceramic
disk capacitors according to the
instructions on page 6

() Cc2 = .luf, S0V
() C5 = .1luf, 50v
() c8 = .lufv, 50V
]
MITS 1 O g
DISK POWER SUPPLY | | 0
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CAPACITOR INSTALLATION

Install the following 6 electrolytic
capacitors according to the instruc-

tions listed on page § -

CAPACITOR VALUES

() c4

() ce

2200uf, 50V
33uf, 50V
3300uf; lev
33uf, 50V
10Q0uf, 25V

33uf, 50V

28
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DIODE INSTALLATION

Install the following 2 diodes
according to the instructions () DL = 1N4004

on page ] .
( ) D2 = 1N4004

, .|
MITS ' o}
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VOLTAGE REGULATOR INSTALLATION

There are 2 voltage regulators to be
installed on the silk-screened side of
the power supply board, X1 & X3.

These are to be installed according
to the following procedure. (See
drawing. )

(1) Set the regulator in place

over the board so that the
mounting hole in the regu-
lator 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. HEAT

(3) Bend the three leads, using

NOTE:

needle-nose pliers, at right
angles from the printed side
of the component.

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 transistor 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 transistor 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.

For X1 the above procedure should
be followed precisely. For X3 it,
is the same except that no heat-’

sink is to be installed.

omit for X3

32




VOLTAGE REGULATOR INSTALLATION
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BRIDGE RECTIFIER INSTALLATION

There are two bridge rectifiers, BRI
& BR2, to be installed on the power
supply board.

Read the following instruc-
tions closely. Proper
orientation of these two
components is absolutely
critical.

WARNING:

These two components are indicated on
the silk-screen by broken lines. This
is to indicate that they are to be
mounted on the bottom (non-silk-
screened) side of the board.

You will observe a "+" sign printed
near one corner of the rectifier.
The lead nearest this "+" sign is
the positive lead of the rectifier,
This lead must be inserted into the
hoTe marked on the silk-screen with

a_"+" sign.
NOTE:

There is also a "-" sign

printed on the regulator.

The lead nearest this sign is

the negative lead of the recti-
fier, and should be diagonally
opposite the "+" lead on the board.

BE ABSOLUTELY SURE THAT THE PROPER
ORIENTATION IS USED WHEN INSTALLING
THESE TWO COMPONENTS.

Install the rectifiers according to the
following procedure:

(1) Insert the four leads of the
BR1 rectifier into their res-
pective holes from the non-
silk-screened side of the
board. Be sure the "+" lead
of the rectifier is inserted
in the hole labeled "+" on the
silk-screened side of the
board. : o

(2)

(3)

(4)

(5)

NOTE:

™™

Insert the BR2 rectifier in the
same manner. Be sure both recti-
fiers are pushed all the way
against the board.

There is a 90° angle bracket
included with your parts. Each
of the two sides has two holes
in it.

Using the side with the two holes
the furthest apart, set the angle
bracket over the two rectifiers.
The holes in the bracket, the rec-
tifiers, and the board should
align.

Temporarily attach the bracket &
rectifiers to the board through
these holes using #6-32 & 5/8"
screws and nuts.

Check the orientation once more,
then solder all four leads of each
rectifier to the board on the
silk-screened side.

Clip off any excess lead lengths.
Leave the angle bracket in place
for the next procedure.

Apply heat-sink compound to
all mating surfaces.




BRIDGE RECTIFIER INSTALLATION

There are two bridge rectifiers, BRI
& BR2, to be installed on the power
supply board.

WARNING: Read the following: instruc-
tions closely. Proper
orientation of these two
components is absolutely
critical.

These two components are indicated on
the silk-screen by broken lines. This
is to indicate that they are to be
mounted on the bottom (non-silk-
screened) side of the board.

You will observe a "+" sign printed
~ near one corner of the rectifier.
- The lead nearest this "+" sign is
the positive lead of the rectifier.
This lead must be inserted into the
hole marked on the silk-screen with

a_"+" sign.

NOTE: There is also a "-" sign
printed on the regulator.
The lead nearest this sign is
the negative lead of the recti-
fier, and should be diagonally

opposite the "+" lead on the board.

BE ABSOLUTELY SURE THAT THE PROPER
ORIENTATION IS USED WHEN INSTALLING
THESE TWO COMPONENTS.

Install the rectifiers according to the
following procedure:

(1) Insert the four leads of the
BR1 rectifier into their res-
pective holes from the non-
silk-screened side of the
board. Be sure the "+" lead
of the rectifier is inserted
in the hole labeled "+" on the
silk-screened side of the
board. ‘ »

(2) Insert the BR2 rectifier in the
same manner. Be sure both recti-
fiers are pushed all the way
against the board.

(3) There is a 90° angle bracket

included with your parts. Each
of the two sides has two holes
in it.

Using the side with the two holes
the furthest apart, set the angle
bracket over the two rectifiers.
The holes in the bracket, the rec-
tifiers, and the board should
align. ‘

Temporarily attach the bracket &
rectifiers to the board through
these holes using #6-32 & 5/8"
screws and nuts.

"(4) Check the orientation once more,

then solder all four leads of each
rectifier to the board on the
silk-screened side.

(5) Clip off any excess lead lengths.
Leave the angle bracket in place
for the next procedure.

‘NO'I'E: Apply heat-sink compound to
all mating surfaces.




BRIDGE RECTIFIER INSTALLATION

vJo4s

BR1

()

( ) BR2 = vVJ048




DISK BUFFER BOARD
ASSEMBLY

IC INSTALLATION

Install the follow-
ing 7 ICs onto the
Disk Buffer Board
according to the
method described on

page 4 .

IC SILK-SCREEN
DESIGNATIONS AND
PART NUMBERS

()A, B, D, &« E= 8T97

() cC = 8798
() F = 74L30
()G = 9601
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RESISTOR INSTALLATION

Install the following 39 resistors
according to the instructions listed

on page 9§ .

RESISTOR VALUES AND COLOR CODES

R9, R7, R5 are 220 ohm
(red-red-brown) 1/2 W

R10, R8, R6 are 330 ohlm
(orange—-orange-brown) 1/2 W

R12, R14, R16 are 330 ohm
(orange—-orange-brown) 1/2 W

R11, R13, R15 are 220 olm
(red-red-brown) 1/2 W

R33 is 220 ohm
(red-red-brown) 1/2 W

R34 is 330 ohlm
(orange—orange-brown) 1/2 W

R31, R29, R27, R25 are 220 ohm
(red-red-brown) 1/2 W

R32, R30, R28, R26 are 330 olm
(orange-orange-brown) 1/2 W

R36, R35, R37 are 150 ohm
(brown—grcen-brown) 1/4 W

38
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()

()

()

()

()

()

R40 is 330 ohm
(orange—-orange-brown) 1/2 W

R39 is 220 ohm
(red-red-brown) 1/2 W

R38 is 1K ohm-
(brown-black-red) 1/2 W

R91 is 39K olm
(orange-white—-orange) 1/2 W

R20, R22, R24 are 330 ohm

(orange—-orange-brown) 1/2 W

R19, R21, R23 are 220 ohm
(red-red-brown) 1/2 W

R4 & R18 are 330 ohm
(orange-orange-brown) 1/2 W

Rd & R17 are 220 olm
(red-red~brown) 1/2 W
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DIODE INSTALLATION

Install diode D6 according to the

instructions on page 7 .
() D6 = 1N914
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CAPACITOR INSTALLATION

Capacitor Cl4 is an electrolytic
capacitor. Capacitors Cl10, Cll, Cl2,
and Cl3 are ceramic disk capacitors.

Instali these camponents according
to the instructions listed on page b6 .

CAPACITOR VALUES

( Different voltages may be sub-
stituted in same cases.)

() C14 = 500 uf, 25V electrolytic

() Cc10, Cl1, C12 & C13 are .1l uf,
12V ceramic disks.
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DISK DRIVE RIBBON CABLE ASSEMBLY

Ribbon Cable Preparation

There are three ribbon cable as-
semblies to be prepared for installa-
tion in the disk drive unit. A 12!
length of 18-twisted pairs cable has
been provided for this purpose.

First, cut the 12' length of
cable into two 18-inch lengths and
one 25-inch length. The remainder of
the cable should be saved for later
use,

The following two pages contain
diagrams for the proper lengths and

arrangement for the three cable pieces
you have just cut. The two 18" lengths

”~ will be prepared identically.

The cable sheath itself may be cut
using scissors, and can be stripped by
simply pulling it apart. You will note
that the plastic sheath has ''welds" ap-
proximately every inch between the twist-
ed pairs. Try not to make any cuts on

the welds themselves.

Each time a 1/4" of insulation is
stripped from the wires themselves, the
bare ends should be tinned by applying

a thin coat of solder.

Study the diagrams on the next two

pages and prepare the three cable as-
semblies as shown. Be careful to cut
the wires precisely as indicated, and

do not damage the wire insulation when

cutting the cable sheath.
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There are several 37-pin connectors in
this kit. One male connector and one
female connector will be used now to
connect onto one end of each of the two
18 inch lengths of ribbon cable that
you have just prepared. The other end
of the two cables will connect directly
to the Disk Buffer board.

Connector Preparation

The two 37-pin connectors must first be
prepared for attaching to the cables.
It may be helpful to solidly mount the
connectors to some steady object dur-
ing this and the following procedures.

1) Place the connector in front of
you with the hollow solder pins
facing upwards.

2) Using your soldering iron, very
carefully heat each pin one at a
time and fill the hollow space
with solder. The solder should
not quite fill the pin and should
have a slightly concave surface.

Prepare all 37 pins on one male and one
female connector in this manner. Be
sure not to leave any solder bridges
between the pins, and be careful not

to melt any of the nylon insulation
around them.

WARNING
During the following procedure, and
later steps involving ribbon cable,
be sure that you fully understand
all of the instructions before you
begin. These points are the most
likely areas for assembly errors to
occur.

Cable Assembly

The following procedure should be used
for assembling both of the 18 inch
cables. In order to minimize the pos-
sibiiity of error, the cables will be
attached to the 37-pin connectors and

the Disk Euffer board Guring the same' -

procedure. Read this entire procedure
over carefully before beginning.

You will note that the pins on the 37-pin
connectors are all numbered. Note also
that the numbers on the male connector
are the reverse of the female. The male
connector will be wired to the rows of
pads on the buffer board labeled "TO".
The female connector will be wired to
the rows of pads labeled "FROM". The
numbers on the connector pins corre-
spond directly with the numbers that
label the pads on the buffer board.

The following pages contain drawings of
both the 37-pin connectors, and the Disk
Buffer board silk-screen. There is a
space provided to "check-off" each of "!
the twisted-pair wires as they are con- -
nected. Double arrows are also shown

to indicate the connection points for

.each of the twisted-pairs.

Orient one of the 18 inch cables so that
the "stepped" edge of the cable casing

is along the rows of pads on the buffer
board labeled "TO". The longest wires
should be near the pads labeled "19 & 37"
and the shortest wires near the pads
labeled "1 & 20". Place the MALE 37-pin
connector near the other end of the
cable.

Begin with the shortest twisted-pair of
wires, nearest the outside edge of the
cable casing, on the buffer board end.

Separate the two wires slightly, then
solder them into the two pads labeled
"l & 20" on the buffer board. Do this
by inserting the wires from the silk-
screened side of the board and solder-
ing them on the back. Be careful not
to push any of the wire insulation
into the holes. Clip off any excess
wire from the connections and then
check-off the appropriate space on the
silk-screen drawing.




N

The same twisted-pair of wires should
now be connected to the pins numbered
"l & 20" on the 37-pin connector.

Observe the color of the wire now con-
nected to the pad on the buffer board
labeled "1". Be sure to connect this
same wire to the pin numbered "1" on
the connector. Do the same with pad
"20" and pin "20".

Make the connections by re-melting the
solder in the pins and inserting the
wires up to their insulation. Remove
the heat from the pins while still
holding the wires in place until the
solder cools. Check-off the appropri-
ate space on the connector drawing.

Move to the next twisted-pair of wires
in the ribbon cable and use the same

procedure to connect pads "2 & 21" with
pins "2 & 21".

at a time, until all 18 twisted-pairs
are in place. Be sure that you do not
connect any wires to pin "12" on the
connector.

Take your time and be careful
while soldering the wires to

the connectors. Do not melt

any of the wire insulation or
leave any solder bridges.

NOTE:

Check your work as you go along
and be sure that 1 is connected
to 1, 2 to 2, 3 to 3, etc., be-
cause corrections will be very

difficult later.

Use this procedure to assemble both of
the 18 inch cables. Be sure that the
MALE 37-pin connector goes to the pads
labeled "TO" and the FEMALE connector
to the pads labeled "FROM". Refér to
the drawing on page to get a rough
idea of how these and the next,cable

will appear when connected to the board.

Continue in this manner,
moving across the ribbon cable one pair
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25-PIN MALE CONNECTOR

PIN 12 NOT USED

() 19 & 37 () 15 & 33 () 11 & 30 () 7826 . () 3 & 22
-L<)17&351”13&31 ()9s28 | ()5s24 ()1 & 20
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-
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() 16 & 34 () 10 & 29 () 6 & 25 () 2 & 21

() 18 & 36 () 14 & 32 () 8 & 27 () 4 & 23
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25-PIN FEMALE CONNECTOR

PIN 12 NOT USED

()1&20 () 5424 ()9 & 28 ()13 &31 () 17 & 35
() 3 & 22 () 7 & 26 () 11 & 30 () 15 & 33 () 19 & 37
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Due to its complexity, the 25 inch length
of ribbon cable will be assembled in a
slightly different manner.

The following two pages contain drawings
of one end of the ribbon cable and the
44~pin edge connector included with this
kit. These connections, on one end of
the ribbon cable only, will be made first.

Be sure to observe that

the orientation of the

edge connector is not the
same in all of the drawings.
Use the pin designations
themselves for any reference
when making connections.

NOTE:

Orient the 25 inch ribbon cable as shown
in the drawing on page 46 . The end that
is shown at the top of this drawing will
be attached to the 44-pin edge connector.
The Connection Chart on the following
page also refers to this drawing for the
proper orientation. Twisted-pair #1 is
the pair furthest to the right in the
drawing, and pair #18 is furthest to the
left. It is very important to begin
numbering from the correct side when
making the connections.

The Connection Chart on the following
page indicates where on the edge con-
nector each twisted-pair should be at-
tached. The pin designations in the
chart and in the drawings refer to those
stamped into the plastic of the connec-
tor itself. Be sure that you connect
the prop~r wires to the correct pins
according to the designations stamped on
the connector.

In most cases a single wire will connect
to a single pin on the connector. Make
these connections by first making a good
mechanical connection, ‘and then soldering
the wire into place. Be careful not to
leave any solder bridges, or to melt any
insulation. '

a3

For twisted-pair #12, and pair #13, you
will connect both wires of the pair to
a single pin instead of each to a sepa-
rate one.

For twisted-pairs #15 & #16, all four of
the wires should first be twisted together
and then all four attached to both of the
pins A & B. Do the same for pairs #17 &

#18 to connect them to pins D & E. Be
sure that there is a solid electrical con-
nection between both of the pins in each
(see drawing below)

case.

A*=pairs #15 & #16
B*=pairs #17 & #18

Be sure to check-off the appropriate
space on the chart as you make each of
the connections.

Use a small piece of ribbon cable wire
to connect pin 18 to pin V on the edge
connector.

Insert the plastic key, packaged with the
edge connector, into the slot between pins
5 & 6 as shown in the drawing on the bot-
tom of page . i




CONNECTION CHART

PATR #  CONNECTOR PTN(S) PALR #_ CONNECTOR PIN(8)]
1 6 &« F () 10 19 & W ()
2 7&«H () 11 20 & X ()
3 8&J () 12 21 ()
4 9 &K () 13 Y ()
5 10 & L () 14 22 &2 ()
6 11 & M () 15

: } A&B ()
7 15 &S () 16
8 l6e & T () 17
} D&E ()
9 17&U0 () . 18

1 () Jumper 18 to V|

EDGE CONNECTOR

PIN 227 S<pIN 1
/14 TWISTED PAIRS'\
IRND
CABLE

4 TWISTED PAIRS/

(A* & B*)

/ SHEATH
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The other end of the ribbon cable will
connect to both the Disk Buffer board
and the Power Supply board.

When making these connections, the same
numbering system will be used for the
twisted-pairs as previously. That is,
the pair furthest to the right in the
drawing on page will be refered to
as pair #l.

Page contains silk-screen drawings of
both PC boards, with arrows to indicate
the twisted-pair connections and a space
to check-off each as it is completed.

The first eleven twisted-pairs will con-
nect to the remaining row of pads on the
Disk Buffer board. Make these connec-
tions in the same manner as the previous
ribbon cable connections to this board.

Begin with pair #1 and connect one of its
wires to pad 6 and the other to pad 7 on
the board. Observe the color of the wires
connected to the equivalent pins on the
edge connector. Be sure you connect pin
6 to pad 6, F to F, etc., as when making
the previous connections. Continue the
connections through the first eleven of
the twisted-pairs in this manner, check-
ing-off the appropriate space as each is
completed.

The next seven twisted-pairs will connect
to the Power Supply board in nearly the
same manner, except that all but two of
the connections involve more than one of
the wires.

The two wires of pair #12 should be twist-
ed together and both connected to pad D.
Pair #13 should connect to pad F in the
same manner.

Twisted-pairs #15 & #16 should have all
four wires (2 each) twisted together and
connected to pad A. Pairs #17 & #18
should be connected to pad B inlthe‘samg
manner.

?

Only twisted-pair #14 should be separated
and connected to pads J & H in the same
manner as the first eleven pair.

Make all of the Power Supply board con-
nections as described, checking~off the
appropriate space as you complete each
of them.

Starting approximately 1 inch from the
cable casing, and moving along the Power
Supply cable wires, attach a tie-wrap
approximately every inch until 5 of them
are used. Do these as necessary to make
a neat, tight cable.

There are two other wires which should

be installed at this time. Using the
same wire that you used when making the
connections to the terminal block, cut -,
one 8 inch length of orange wire and o

8 inch length of black wire. Strip 1/4
inch of insulation from both ends on each
of them and tin the exposed portion.

Connect the orange wire between pad C on
the Power Supply board and pad C on the
buffer board. +5Vv

Insert the wire from the silk-screened
side of the board and solder it on the
bottom.

Connect the black wire between E and E
in the same manner. GND
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(2)"4-40NUT

VOLTAGE REGULATOR
INSTALLATION

" The next two components will be mounted

on the bottom side of the Power Supply
board. These components will also be
mounted to the 90° angle bracket, as with
BR1 & BR2, in the two remaining holes.

When installing these canmponents refer
to the drawing above and orient them
so that the markings on the components
face away from the bracket.

Insert the two regulators from the
bottom side of the board as shown.
*Use heatsink compound between all
mating surfaces. Be sure to place
the mica insulating washer between

0l and the bracket, and the shoulder

washer between Q1 and the mountin

nuto ¢ ) !

<
(-]

(2)*4-40XI1/2 FLAT HE AD SCREW

MICA INSULATOR

HEA TSINK
COMPOUND

Tighten the mounting screws fimly,
being sure not to twist the component
leads as you do so.

Solder all three leads of both cam—
ponents to the board on the silk-
screened side.

Clip off the excess lead lengths;
then remove the two screws used
earlier to mount BR1 & BR2. The
screws mounting X2 & Q1 should
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VOLTAGE REGULATOR INSTALLATION

() X2 = 7805

() Q1 - TIP 145 (w/Mica insulating washer and shoulder
washer)
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DISK CHASSIS ASSEMBLY

The next step in the assembly procedure is to prepare the
chassis itself for mounting the boards and drive unit.

1)

2)

3)

Refering to the drawing on the following page,
mount the cross beam as shown using the exist-
ing screws now holding it in place. Note the
number of holes for proper placement.

To make the following procedures as simple as
possible, remove the front panels at this time.
Save the screws used to mount the panel to the
chassis.

Refering to the same drawing again, mount the
rail as shown in the 2nd hole fram the front.
Be sure to include the 2 spacers as shown on
each side.

There are 6 additional screws to be added to the chassis
menmbers, 4 on the beam and 2 on the rail.

4)

5)

Install two #6-32 x 3/4" screws onto the rail
in the positions indicated on the same draw-
ing. Insert them from the bottom and tighten

. them firmly using #6-32 lockwashers and nuts.

Install two 4-40 x 1" screws and two 6-32 x 1"
screws on the cross beam as shown using the
indicated hardware.
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BACK PANEL MOUNTING

Mount the back panel to the rear of the chassis as shown
below using the same screws previously used to mount it.

Be careful not to catch any wires between the chassis ahd
the panel. ' :

BACK PANEL

(4)EXISTING
SCREWS




POWER SUPPLY BOARD MOUNTING

Refering to the drawing on the following page, mount

the Power Supply board to the 90° angle clip and bracket
as shown. Study the drawing carefully before beginning.
NOTE: The #4-40 screw shown are those installed earlier.

Be careful not to disturb the wire connects previously
made between this board and the buffer board and cables.
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DISK BUFFER BOARD MOUNTING

Refering to the drawing on the following page, mount the
Disk Buffer board as shown.

Again, study the drawing carefully before beginning. The
screws shown have already been installed.

The connectors on the three cables should face towards the
back panel.
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POWFR SUPPLY WIRING

Refering to the silk-screen drawing be—
low, and the wiring diagram on the fol-
lowing page, connect the wires from the
terminal block to the pads on the Power
Supply board.

Use the following procedure:

1) All of the wires should be
connected to the pads on the
board marked with the same
designation as the tags placed
on them earlier.

2) Insert all of the wires from
the silk-screened side of the
board, almost to the insulation.
Add solder from the same side
of the board except wire "3-G",
and then continue applying heat
while pushing the wires down as
far as possible until the insu-
lation just touches the solder.
Be careful not to melt any insu-
lation.

3) Turn the board over to solder
wire "3-G" and then clip off
all excess lead lengths.

Check this wiring owver again carefully,
and then remove the tags from the wires.

;0

06 O»




1HOVAC

7T

AC POWER
CORD
POWER SUPPLY BOARD veL .
5 . YEL LK
36 |
BLK
SEC PRI ’ /
@ n © © T2 @)
PRI \ SEC /
BLK _
10 9 8 7 6 5 4 oLx
o p E FAN
x x X X S A
] B =] I 4 a (o 2 = = »
; 2 § % E ;g g . @ mmk ow ¢ "ﬁri gl = ? § _
s © Slel[d]ee[s[s[o[eo
: 213 41 51 61 7} 8] 9110
. FUSE © ? ? % ° Q & @ o
:A [ 2 [ < ‘~
;% 5@ ga‘ g % 3| & 3 g 2 TERMINAL

BLK _— BLK
OFF-ON SW.

ALTAIR FLOPPY DISK DRIVE

POWER SUPPLY WIRING DIAGRAM

69




£y,

CONNECTOR MOUNTING

Refering to the drawing below, mount the two 37-pin connectors
to the back panel as shown.

Be sure to mount the male connector into the sloﬁ labeled "TO"
and the female connector into the slot labeled "FROM".

On both connectors pin 1 should be towards the top.

(2)4-40%5/16
SCREW

CONNECTOR —
(TO CONTRCLLER)

L (2)4L0CHASHER

10




FRONT PANEL MOUNTING

The front sub panel and dress panel can now be re-installed.
Use the same four screws previously used to mount the sub
panel to re-mount it to the chassis as shown in the drawing
below.

Note when setting the dress panel in place that it is a
"floating" panel. Installing the power switch, as shown,
at this time will temporarily hold it in place.

Be sure the lettering on the dress panel is facing outwards.

(4) EXISTING
POWER SWITCH SCREW

DRESS PANEL

oL LOCATING
WASHE R

N

J
|
x

L




LED INSTALLATION

There are three RL~21 Light-Fmitting-
Diodes (LED's) to be installed an the
Disk Buffer Board. These LED's have
a cathode and anode lead on each of
them which must be properly oriented
for installation on the board. The
diagram below shows you how to deter-
mine the cathode and anode leads of an
Ri~21. Hold the LED up to a light and
you will be able to see inside. The
larger of the two elements inside the
plastic casing is the anode.

The silk-screen on the board itself

has the cathode leads for the three
LED's marked with a "K". The anode

lead is marked with an "A". When you
install these camponents, make sure that
the cathode leads are in the pads marked
"K" and the anode leads in the pads -
marked "A". Improper orientation when
installing LED's may cause permanent
damage to the component.

As is shown in the drawing on this page,
these three components also require
special spacing and bending of the leads
in order to fit the unit properly.

1) Set the LED's in place one
at a time and bend as neces-
sary to fit as shown in draw-
ing [3].

-2) Cut the leads as shown in [2]
and place the LED's on the
board properly.

3) Solder them in place fram the
top side of the board. LED's
are very heat sensitive, so
use a minimum of heat for the
shortest amount of time possible
to make the connection.,

When properly installed, the LED's should
fit as shown in the drawing below.' -

12

[1] SET THE LED IN PLACE
AND MARK THE LEADS

BEND 1
LINE

1

cuTd :)

5

(2] CUT THE EXCESS LEAD
TO LEAVE 1/8 INCH

[3] SOLDER TO FIT IN PLACE
AS SHOWN

ﬁ
n




WARNING: RL-21 LED's are very sen-
sitive to heat. Use a
minimum application of
heat with your iron when
making these solder con-
nections.

~ LED Installation

( ) D3 = RL-21 LED
( ) D4 = RL-21 LED
( ) D5 = RL-21 LED
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DISK DRIVE UNIT INSTALLATION

The Disk Drive unit itself can now be installed into the chassis. .

1)

2)

3)

4)

5)

6)

The first step in this process is to set the chassis on
end, with the front panel facing upwards.

Remove the screws and rubber feet that were factory in-
stalled on the bottom of the drive unit.

Being careful not to catch any of the wires or cables,
slowly lower the drive unit into the chassis. Refer to
the drawing on the following page for the proper orienta-
tion. :

Refering again to the drawing on the following page, in-
sert the two mounting screws and lockwashers on the front
side of the drive unit. Do not tighten the screws down
at this time.

Refering to the same drawing, install the spacer bar and
mounting hardware for the rear end of the drive unit.

Tighten all four mounting screws firmly.

The 44~pin edge connector should now be plugged into the
rear of the drive unit. Line up the connector with the

finger pads on the units PC board and align the plastic

key between pins 5 & 6 with the slot in the board. Push
the connector firmly into place.
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DISK DRIVE PRELIMINARY CHECK OUT

With no diskette in drive and the chassis unit not installed iﬁ cabinet, and
no address jumpers installed, turn power on.

A)
B)

Fan and disk drive motor should turn.

Power indicator should 1light.

If voltmeter is available, measure:

A)

B)
C)
ATl

+24 volt supply at + end of C3 (with respect to chassis) on the powef
supply board.

+5 volt supply at + end of C6 on the power supply board.
-5 volt supply at point "J" of the power supply board.

voltages should be within 5% of rated output. If the disk drive motor

does not start up, or the power indicator does not light, or the power supply
voltages are wrong, consult the Theory of Operation and recheck wiring.

R)

B)

C)

With a cliplead, ground to chassis wire #13 (Disk Enable) on the left edge ™
of the buffer board (Pin 13 of "To Controller"). “

The Disk Enable light should come on.

Now open disk drive door. The drive motor should stop and Disk Enable light
should turn off. Close the door and the motor should start up. 5-10 seconds
later, the Disk Enable light should turn on (timing controlled by IC G).

With another cup lead, test the mechanical disk functions by grounding (on
the left edge of board)

1. Wire #8 (Head Load)
The Head Load solenoid should energize as long as #8 is grounded,

and Head Load light should turn on.

~ 2. Wire #6 (Step In)

The track stepping motor shaft should turn as point #6 is inter-
mittantly grounded, simulating stepping pulses. The head carriage
should move towards the front of the Disk Drive.

3. Wire #7 (Step Out) :
The track stepping motor shaft should turn as Point #7 is inter-

mittantly grounded, simulating stepping pulses. The head carriage
should move towards the rear of the Disk Drive.

This completes the preliminary check out of the Disk Drive.

Remove the c]fp leads, and ifnstall the disk address jumpers as indicated
on page 77 .

16
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ADDRESS SELECTION

o .

There are four jumper wires to be in- _O
stalled on the buffer board in order A

to select the I/0 address. o .

O
Use component leads saved earlier for Os
this purpose. Install them fram the Oc

silk-screened side of the board and O’-‘
solder them on either side. : O -
) D

To comply with MITS software, the O a

board should be jumpered to address O-Q
g unless it is a part of a multiple o

disk drive system.

Refering to the silk-screen drawing
on the right, jumer as follows for

address f:
pAD 10 PAD
1 -— A
2 —— B
3 — C
4 —— D

Consult the jumper chart in the Theory
of Operation section if a different
address is desired.

17
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FINAL ASSEMBLY

The chassis assembly can now be installed into the outer case.

Refer to the drawing on the following page and mount the chas-
sis as shown.

To insert it, start by setting it slightly towards the back
of the case, and then slide it forward until the screw holes
align. Tighten the four screws fimmly.
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CASE TOP TNSTALLATION

however,

Re—-install the case top onto the unit as shown below. Do

not,

use the same screws which held it originally.

32 x 1/4" screws to secure the case top.

Use #6-
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DISK CONTROLLER ASSEMBLY

The Disk Centroller will now be assembled.
This consists of two PC boards and inter-
connecting cables.

The Disk Controller mounts directly into
the computer main-chassis and uses two
slots.




Controller Board #2 will be

assembled first.

IC Installation

Install the following 28 ICs according to the instructions on page 4

Silk Screen
Designation

(
(

)

)

Al

A2

A3

A4

Bl

B2

B3

B4

El

E2

E3

E4

Fl

¥2

Number

74123 v
74L73"

93L16 v
93116 v
74123 v

74123V
74123%

74L04 v
74L00 v
74L73 ¥
74100
74L10 v
74102 ¥

74L73 v

ICs

84

Silk .Screen
Designation

(

(

)
)

F3
F4
G2
G3
G4

Hl

‘H2

H3

H4

Jl

J2

J3

J4

. K3

Number

74102 ¥

74102
74104~
74L75 v
74L04 v~
74L02v

74166 v
74175 Y
74L04
741.02 7
8198 v~
74175 ¥
74174 ¥

8797 ¥

.
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Resistor Installation .

Install the following 13 resistors accoxding
to the instructions on page §j .

() R,
() R2,
() R3,
() R4,
() RS,
() RG(
() R7,
() R8,
() R9,

RESISTORS

Brown-Black-Orange, 1/4 or 1/2 W.
Brown-Black~-Orange, 1/4‘or 1/2 W.
Orange-White~-Orange, 1/4 or 1/2 w;
Brown—Black-Ofange, 1/4 or 1/2 W.
Brown-Green-Orange, 1/4 or 1/2 W.
Red-Red-Brown, 1/4 or 1/2 W.
Orange~Orange-Brown, 1/4 or 1/2 W.
Brown-Green-Orange, 1/4 or 1/2 W.

Blue-Gray-Red, 1/4 or 1/2 W.

( ) RL1O, Brown-Blue-Orange, 1/4 or 1/2 W.

( ) Rll, Brown-Black-Red, 1/4 or 1/2 W.

( ) Rl2, Brown-Black-Red, 1/4 or 1/2 W.

( ) R13, Brown-Black-Red, 1/4 or 1/2 W.
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Capacitor Installation

Install the following 31 capacitors according to the instruc-
tions on page b . Note that all capacitors are installed in the
same manner, except for electrolytic capacitors.

CAPACITORS

() c1, .001 uf () c17, .1 uf
() c2, .001 uf () c18, .1 uf |
() €3, 1.0 uf () c19, .1 uf
() c4, .22 uf () c20, .1 uf
() cC5, electro;ytic, 4.7 uf () 21, .1 uf
() cC6, electrolytic, 10 uf () c¢c22, .1 uf
() c7, .1 uf , () c23, .1 uf
() ¢8, .1 uf | ‘ ) €24, .1 uf
() €9, electrolytic, 35 uf () c25, }l.ufv
() c10, .1 uf () c26, .1 uf
() cl1l, .1 uf ' () c27,y .1 uf
() c12, .1 uf () c28, .1 uf
1) ci13, .1 uf . () €29, .1 uf
() cl4, .1 uf () C30, .1 uf
() <15, .1 uf , () €31, electrolytic, 35 uf

() cCl16, .1 uf
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Diode Installation

Install the following two diodes according
to the instructions on page 7 .

DIODES

() D1, 1N914

() D2, 1N914

o
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Voltage Regulator Installation

Install the voltage regulator according
to the instructions on page 32 .

VOLTAGE REGULATOR

() 7805
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Connector Installation

There are two "boxes" marked on the silk-
screen. These are to indicate the posi-

tions for a 10-pin and a 20-pin male con-
nector.

The drawing below illustrates the in-
stallation of a typical connector of
this type.

\

Refering to the drawing, install the two
male connectors onto the silk-screened
side of the board. The long 90° bent
pins should point towards the right side
of the board. The 10-pin connector goes
between "CCl" & "CCl0"; while the 20-pin
connector goes between "CD1l" & "CD20".

Two pins should now be cut off. These
are the 2nd pin from the top on the 10-
pin connector, and the 4th from the top
on the 20-pin connector. Cut them off
right at the plastic body of the connec-
tor. (These pins are both labeled "KEY"
on the silk-screen.) ’

54

NOTE :

There is a row of 20 pads aleng the
right edge of the board labeled CBl
through CB20.

Remove 10 twisted-pairs of wire from an
8 inch length of ribbon cable. Leave
the two wires in each pair twisted to-
gether. Strip 1/4 inch of insulation
from both ends of all of the wires and
tin the exposed portions.

Beginning with the bottom pad on the
board, connect one of the twisted-pairs
to pads CBl & CB2. Continue up the row
of pads, connecting a twisted-pair to
each two pads as you go along.

The twisted-pairs each have one
wire the same color in each of
them (usually black or white).
Make the connection to pad CBl
with this wire on the 1lst pair,
and use this wire for the lst
connection on each of the fol-
lowing pairs as you go up the
row of 20 pads.

Insert all of the wires from the silk-
screened side of the board and solder
them of the bottom side. Clip of{ any
excess lead lengths.

Cut the free ends of all 20 wires so
that only 1/8 inch of tinned wire is
exposed beyond the insulation.




A 20~pin female connector will now be

attached to the free ends of the 20 wires.

First, connector pins must be attached
to the ends of all of the wires. The
drawings below illustrate a typical con-
nector of this type, and the method for
attaching and inserting the pins.

Connect a pin to each of the wires* as
shown, and solder them carefully into
place. Do not use too much solder or
the pins will not fit into the connector
properly.

NOTE: Two of the wires, both labeled

CB17 on the PC board (see silk-screen),
should be attached to a single pin.

\
\XQ»VM
10= PIN GALE )\ —
CONNECTOR ““‘W

87

Pins 1 & 20 are marked on the plastic
body of the female connector. Refering
to the silk-screen, insertc the pins into
the connector so that pad CBl goes to
pin 1, CB2 to pin 2, CB3 to pin 3, etc.,
being sure not to insert any wires into
pin 15 on the connector. A plastic key
should be inserted into pin 15 of the
female connector, inserting it from the
opposite side as the wires. )

Place a tie-wrap approximately in the
center between the connector and the
board to hold the wires together.

Place another tie-wrap around the wires
and also through the holes in the PC
board just to the right of the 20 pads.
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Controller Board #l1 Assembly

1C Installation

Install the following 31 ICs according to the instructions on page 4§ .

Silk Screen
Designation

()
()

Al

A2

A3

A4

AS

Bl

B2

B3

B4

BS

El

E2

E3

E4

ES

rl

Number
741237
74L02v
741207
74L10¥
74110 7
93L16Y
74L74 7
741737

74L11 7

74L04 v

741237

74100 v~

TALT3 v
741,04 ¥
74100 v

74123 ¢

[ ]

¢

Silk Screen
Designation

(
(

)
)

F2-

3

F4

F5

Gl

G2

G3

G4

G5

H1

H2

H3

H4

5

J3

Number
741.73*""
74L73v
741237
74L30 v
74164 v
74L00 ¥ O% ¢
74L75 ¥

7493 v

Sy !
- !

74L04 v~
74L75 7

AR

oro7 - <=

1

8T97

8T97

<

8197

74104 -~
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Install the following 16 resistors according

Resistor Installation

to the instructions on page 9 .

-~
() RL,
() Rz,
() R3,
() R4,
() R5,

. ™ () Ro,
() R7,
() R8,
() RS9,
() RLO;
() Ri1,
() RL2,
() RL3,
() R4,
() RiS,
() Rio,

o

RESISTORS

Orange-Orange—Brown, 1/4 or 1/2 W.
Red~Red—Brown, 1/4 ox 1/2 W.
Brown—Black—Orange, 1/4 oxr 1/2 W.
ked-Black-Orange, 1/4 or 1/2 W.
Brown-Black-Orange, 1/4 or 1/2 W.
Red-Black-Orange, 1/4 or 1/2 W.
Green-Blue-Red, 1/4 or 1/2 W.
Brown-Black-Orange, 1/4 or 1/2 W.
Orange-~Orange-Brown, 1/4 or l/2lw.
Red-Red-Brown, 1/4 or 1/2 W.
Brown-Black-Orange, 1/4 or 1/2 W.
Red-Black-Orange, 1/4 or 1/2 W.
Red-Red-Brown, 1/4 or 1/2 W.
range-Orange-Brown, l/4vor 1/2 W.
prown~-Black-Red, 1/4 oxr 1/2 W.

srown-Black-Red, 1/4 or 1/2 W.
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Capacitor Installation

Install the following 25 capacitors according to the
instructions on page 6 . Note that all capacitors
are installed in the same manner, except for electrolytic

capacitors.

CAPACITORS
) C1, .1 uf (
) 2, .68 uf (
) €3, .047 uf (
) c4, .68 uf (
) €5, 430 pf S
) €6, 910 pf (
) C7, electrolytic, 33 uf (
) c8, .01 uf . (
) €9, .047 uf (
) Cl0, .1 uf ¢
) Cl1, .1 uf (
) Cc12, .1 uf (
) €13, .1 uf

. ’ ¢ .t
102

cl4,

Ccls5, ..

Cl6,
cl17,
cls8,
C19,
CZQ,
c21,
c22,
c23,
C24,

c25,

.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf
.1 uf

electrolytic, 35 uf
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Voltage Regulatoxr Installation

Install the voltage regulator according
to the instructions on page 32 .

VOLTAGE REGULATOR

() K1, 7805
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Jumper Installation

There are 13 jumper wires to be installed Connect the following jumpers:
on board #1l.

IND to IND
Install these jumper wires by inserting GND to GND
them on the silk-screened side of the RD to RD
board and soldering them on the back GND to GND
side. Clip off any excess lead length. WDS to WDS

CD to CD
The drawing below shows the proper way DCL to DCL
to route the wires across the board. S0OS to SOS
Pay close attention to this as it is 8SC to SSC
very important. Pads labeled 1 below +8V to +8V
route through arrow 1, 2 through 2, SY to SY
and 3 through 3. SR to SR

SRI to INT*
Cut the wires to the necessary length,
and install them through the paths as *or to VI7 (see Theory of
shown. Use ribbon cable wires for the Operation)
two twisted pair connections. The "GND"
pad for the twisted pairs is the one
closest to the other connection stated.
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Connector Installation

Install a 10-pin and a 20-pin female
connector onto the board in the same
manner as described on page 94 for
board #2.

NOTE: The only exception to the -above
statement is that pin 6 is to be
cut off instead of pin 4 on the
20-pin connector. '
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B Strip Tnstallation
The drawing below illustrates the method
for installing the 6 bus strips onto the
board.

Note that the last pin (on the bottom side
of the board) is to be cut off before in-
stalling the strips.

Be careful when installing these strips,
that you do not push the strips down
tight enough to damage the jumper wires
or to short any of the PC lands.

Insert them as shown below and solder them
on the non-silk-screened side of the board.

BUS STRIP

110
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Controller Cable Assembly

Refering to the drawing on the following page, and to the previous
instructions beginning on page 44, cut a 21 inch length of ribbon
cable and prepare it as shown in the drawing.

The 37-pin connector shown at the top of the drawing is one of the
FEMALE connectors included with your kit. The 10 & 20 pin connectors
shown at the bottom of the drawing are of the same type as that on
page 97 (female connectors), and should be assembled in the same man-

ner.

Use the drawing on the following page, and the chart and drawing
following after that, to construct this cable in the same relative
manner as the previous ribbon cables.

112




DISK CONTROLLER CABLE

21"

37-PIN CONNECTOR

STRIP 1/8 INCH & TIN

L

N

RIBBON CABLE SHEATH

20-PTN EJ

1‘”

10-PIN

13

STRIP 1/8 INCH
& TIN
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The drawing below illustrates the pin positions where each
of the 18 twisted-pairs should be attached to the 37-pin
connector. Be sure to use a female connector. This portion
of the assembly is essentially identical with that shown on
page 51.

Use the orientation for this process shown on page 113. It
would be adviseable to connect the varied colored wires from

each pair to pins 1 through 19, and the same colored wire
from each pair to pins 20 through 37.

" 37-PIN FEMALE CONNECTOR

NOT USED

O

]

18
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18 &36 =
- —
The drawing on the right illustrates " =
the same three female connectors as 29 —
shown on the bottom of the drawing on 10 =
page 113. The orientation in the *___.____._< =
drawing on the right is the same as —
that on page 113, only rotated 90° 28 =
counterclockwise. 8 T =
The first step in this assembly pro-
cess is to attach connector pins to
the ends of each of the wires. Do
this in the same manner as described
on page 97. Note that two of the 35 - =
twisted-pairs have both of their wires 17 =
attached to a single connector pin. B— =
16 =
Once this is completed, the pins can B— =
be inserted into the female connectors. 13 39 Z
The numbers in the drawing on the 14 =
right refer to the 37-pin connector 31 =
pin numbers. Use the same procedure 13 =
as with the previous ribbon cables 27 f—]
and insert the pins into the connec- 8 P
tors, correlating the 37-pin connec- 26 ]
tor pin numbers on the right with the 1 fas
with the proper wires and positions 25 [
on the 3 female connectors. 6 =
—
Insert the the plastic keys in the * : =
positions shown. Be sure to insert 24 z
them from the opposite side that o
the wires are inserted from.
23 — =
4§ ——m—— o
22 =3
3 2
21 ==
2 e
20 =
1- - —
p—
* < —_
’ * NO WIRE CONNECTTON

KEY




CONTROILER/DRIVE INTERCONNECT CABLE ASSEMBLY

There is one more cable to be assembled for the disk system.
This cable will be used to connect the Disk Drive unit with
the ALTAIR containing the controller.

1) The first step is to cut a 6 foot length of ribbon cable
and remove 2 inches of the cable sheath from each end.

2) There are two grey plastic connector covers included in
your kit. Slip one of these over each end of the cable,
with the small holes towards the center of the cable and
the larger holes towards the free ends. Push the covers
down at least a foot so that they will not interfere with
the rest of this procedure.

3) Strip 1/8 inch of insulation from both ends of each of
the cable wires and tin the exposed portion.

4) Prepare the two remaining 37-pin connectors (one male &
one female) in the same manner as the previous 37-pin
connectors.

5) For this cable the connections will simply run pin-to-pin.
That is, connect pin 1 of the male connector to pin 1 of
the female connector. BE SURE NOT TO CONNECT ANY WIRES
TO PIN 12 OF EITHER CONNECTOR.

6) Once all 36 wires have been 3 "
connected on both ends, push /4

the ends of the cable into a

fold as shown on the right, ) (.

and secure it with a double "H:i:;;z;;ii§§>
wrap of masking tape. Keep _ =z
the fold as close as possible Y

to the connector itself.

7) Push tho connector covers into place over the two con-

nectors. Do not use any of the hardware supplicd with
the covers by the factory. Simply mount the 37-pin
connectors to the covers using standard 4-40 X 5/16 "
screws.,
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DISK/COMPUTER INTERFACE

Refer to the preliminary documentatjon relecase
included with this manual for a description of
how to hook-up and operate this system.

The above mentioned documentation: includes an
abreviated version of both the theory and the
operation of the ALTAIR FLOPPY DISK SYSTEM.

- An updated, complete version of this documention

will be sent at a later date, as described in the
front of this manual. :




DISK CONTROLLER CHECK OUT
WITH DISK DRIVE

A) Preliminary Test

This tests the primary functions of the Disk Drive and Disk Con-

troller.

Inter the following program and then single step through (with
Controller and Drive connected).

Address
000,000

Note 1
Disk Drive should

Note 2

Instructio