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PRELIMINARY DOCUMENTATION RELEASE

This manual is incomplete in its present form.

page and an additional section will be sent to you

within a short period for insextion.

This

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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ATTENTION

Floppy Disk Owners

On Controller Board #1, look for the revision number in the lower right-
hand corner. On Controller Board #2, look for the revision number in the
upper middle portion of the board. If Board #]1 is Revision 0X4, and if
Board #2 is Revision 1, use the attached insert pages to replace the corres-
ponding pages in the assembly section of the manual. Please note that the
pages listed below have no corresponding replacement page and should be
completely deleted.
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Floppy Disk Addenda, March, 1977






86-DCOD
PARTS LIST
FEBRUARY, 1977

BAG 1

74L00
74L02
74L.04
74L10
74LSN
74L20
74L30
74L73
74LS74
74L75
7493
74123
74164
74166
93L16
8797 or 74367
8198
7805

NOTE: 74LS ICs may
stituted for

BAG 2

37 mf 12v 20%
BAG 3

B = (1 L) =t = OO0 =2 ) N ] et el =t L2 OO Ch AN

430pf 500v 5%
§10pf 500v 5%
.001mf 1KV 20%
0Imf 16v 20%
.047mf 100v 5%
Jmf 100v 5%
.22mf 100v 5%
.68mf 100v 5%
1.0mf 100v 5%
Smf 25V

10mf 16v

33mf l6v

470 pf disk

G ottt Dt N ) — N —

I%
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220 ohm 1/2W 5%
330 ohm 1/2W 5%
1K 1/72W 5%

5.6K 1/2W 5%
6.8K 1/2W 5%
10K 1/2W 5%

15K 1/24 5%

18K 1/2W 5%

20K 1/2W 5%

195 Sh241%%y sa
22K 1/2W 5%
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101080
101072
101073
101081
101089
101039
101082
101084
101088
101075
101030
101060
101091
101092
101093
101040
101045
101074

be sub-
74L ICs.

100348

100322
100356
100328
100321
100332
100339
100349
100343
100373
100323
100350
100326
100316

101928
101926
101928
102091
101931
101932
102083
101941
101940

101967
101927

101933

z

IN914

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

#6 Lock Washer

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

#4 Lock Washer

3 ft. 18 Pair Cable

37 Pin Adapter Bracket

-—— P NN O

&

100 Pin Edge Connector
£C37S 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

G 7
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16 Test Points

3 Ferrite Beads
36 14-pin Sockets
23 16-pin Sockets

MISC.
1 Controiler PC Board 1

1 Controller PC Board 2
1 Disk Extended BASIC Manual

100705
100925
100933
100942
100908
100932
100941
103066
101795

101864
102114
101798
101788
101720
101789
101723
101791
1013037

101870
101714

101663
101876
102102
102103

100216
100217
101578






88-0ISC
PARTS LIST
MARCH, 1977 .

BAG 1

e I

=

74L30

7805

7824

8797 or 74367
8798

9601

G 2

—— ) )

e

Jmf 12v
.1mf 50v
33mf 50v
500mf 15-25v
100mf 25v
2200mf 50v
3300mf lév

G 3
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150 ohm 1/24
330 ohm 1/2W
1K 1/2W

39K 1/2W

7.5 ohm 5W
33 ohm 1/2W

G 4

220 ohm 1/24
RL21

vJo48

IN4CO4

TIP 145 or 146
INS14

BAG 5

1

2
3
2

12 ft. 18 Pair
Cable

6 ft. #20 Black
2 ft. #20 Orange
3 fL. #26 White

101082
101074
101079
101040
101045
101033

100348
100312
100311
100310
100365
100376
100315

101915
101926
101928
101967
101987
101921

101925
100702
100711
1060718
102820
100705

103066
103062
103063
103060

*With Mica Insulator and
Shoulder Washer

BAG 6

8 #4-40 x 5/16" Screw 100912
2 #4-40 x 1/2" Screw Flat Head 100903
2 #4-40 x 1" Screw 100913
10 #4-40 Nut 100932
8 #4 Lock Washer 100931
4 #4 Flat Washer 100940
6 #6-32 x 3/8" Pan Head Screw 100925
6 #6-32 x 1/2" Pan Head Screw 100918
4 #6-32 x 5/8" Pan Head Screw 100916
2 #6-32 x 3/4" Pan Head Screw 100935
4 #6-32 x 1" Pan Head Screw 100919
4 #6-32 x 2" Flat Head Screw 100937
27 #6-32 Nut 100933
35 #6 Lock Washer 100942
1 #6 Ground Lug 101801
2 .15" Spacer 101823
6 5/16" Spacer 101829
2 .6" Spacer 101824
4 #6 Flat Washer 100943
2  #6-32 x 1/4" Screw 100917
BAG 7
1  Heat Sink 101775
T  Heat Sink . 101835
1 Disk Drive Spacer 1/2" 101841
1 Right Angle Bracket 10717
1 Strain Relief 101719
1 Terminal Block 101868
30 Insulated Terminal 101803
1 Fuse Holder 101813
2 DC37S Connector 102114
2 DC37P Connectaor 102115
2 DC37 Connector Cover 101799
1 Toggle Switch ST1-1C 101879
1 44-Pin Edge Connector 101800
1 Keying Pin (for above) 101660
15 Fastwrap 103037
1  Heat Sink Grease
1  Fuse 2ASB 3AG 101762
3 #6-32 x 3/4" Self Tap Screw 100957
MISC.
1 Power Cord 3 Wire 101742
1 Disk Mechanism (Pertec) FD4CO 101602
1 Case 100511
1 Disk Rail 101862
i Fan Filter 101757
1 Fan and (4) clips 101868
1 Transformer, 26V 102612
1 Programmer Transformer, 24V,

9V 102620
1 Diskette {blank) 101712
1 Power Supply PC Board 1001717
1 Buffer PC Board 100172
1 "Altair Disk" Nameplate 101808
1 Serial Number Sticker 101833
1 Assy, Theory, Oper. Manual 101531






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 bookiet. 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 enveiopes; 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
si1k screens showing a) previously installed components, b} components being
installed and c) components yet to be installed. (see below)

components
e Y@ £Q bE
1nsta]1ed

components
being
installed

previously
installed
components



CCMPONENT INSTALLATION METHCDS

‘Iha.ssecta.mofthemanualdescn.besthepmperpm—

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 wnit;
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 ciramstances should you proceed with an

assambly step without fully understanding the pro-
cedures involved. A little patience at thisg 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 COMBINATICN
QOF, SEVERAL DIFFERENT MARKINGS. THESE MARKINGS ARE VERY IMPORTANT IN
DETERMINING THE CORRECT ORIZNTATION 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, THEM 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!

£ ~m THE DRAWING ON THE LEFT INDICATES VARIOUS
o - METHODS USED TO SHOW THE POSITION OF IC's
ON THE PRINTED CIRCUIT BOARDS. THESE ARE
STLX~SCREENED DIRECTLY ON THE BOARD. THE
ARROWHEAD INDICATES THE POSITION FOR PIN 1
8 — WHEN THE IC IS INSTALLED.

3




IC Installation

All ICs must be oriented so that the notched end is toward the end with the
arrownead orinted on the PC board. Pin 1 of the IC should correspond with
the pad marked with the arrowhead. If the IC does not have a notch on one
end, refer to the IC Identification Chart to identify Pin 1.

To prepare ICs for installation:

A1l 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,
CAPEFULLY straighten any bent pins using needle-nose pliers. All pins
should be evenly spaced and should be aligned in a straignt line, perven-
dicular to the body of the IC itself,

B. Installing ICs with sockets:

Installing_ICs without sockets:

1. Referring to the drawing below, set
the IC socket into the designated
holes on the board and secure it
with a piece of masking tape.

1. 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 2. Turn the board over and solder each

have been started into their holes, pin to the foil pattern on the back
push the IC into the board the rest side of the board. Be sure to solder
of the way. Tape the IC to the each pin and be careful not to leave
board with a piece of masking tape. any solder bridges. Remove the mask-
ing tape.

k. Turn the poard over and solder each ) .
pin to the foil patterm on the back 3. Orient the IC over the socket so that
side of the board, B3e sure to SOl Pin 1 coincides with the arrowhead
der each pin and be careful not to on the PC board.
leave any soider bridges. Remove . .
the masking tape. 4, Align the pins on one side of the

socket so that just the tips are
inserted into the noles.

5. Lower the other side of the IC inte
place. If the pins don't go into
their holes right away, rock the I¢
back, exerting a little inward pres-
sure, and try again. Be patient.
When the tips of ail the pins have
been started into their holes, push
the IC into the sockat the rest of

4 the way.

WARNIHG:

Adake sure none of the pins have been
pushed underneath the IC during
insertion.

I




Resistor Installation

Resistors have four (or possibly five) color-coded bands
as represented in the chart below. The fourth band is goid 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,

For example: a resistor with red, 2ND BAN
violet, yellow and silver bands has a VIOLET
va1?gzof 270i002 ohms anﬁ a tn1ergn?e
of . By looking at the chart below,
you see that red is 2 and violet 7, By ISTRE%ND
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.

4TH BAND
SILVER

3RD BAND
YELLOW

Use the following procedure to install
the resistors cnto the boards. Make

sure the colored bands on each resistor
"BEélélg%ﬁggkgg'%ggggﬁiﬁ“' -match the colors called for in the list
COLOR 182 (Multiplier) of Resistor Values and Color Codes given

—_— for each board.

Black 0 1 ) .
Brown 1 10 1. Using needle—nosg Pliers, pend the
Red 2 102 leads of the resistor at right an-
Orange 3 103 gles to match their respective holes
Yellow 4 10; cn the PC board.
g?ﬁ:n 2 }gs 2. Install the resistor into the cor-
Violet 7 107 rect holes can the silk-screened side
Gray 8 108 of the PC board.
White 9 109

3. Holding the resistor in place with
one hand, turn the heard over and
berd the two leads slightly cutward.

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 electrolvtic capacitors and the tan—-
talum capacitor before they are installed.

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

ELECTROLYTIC
CAPACITOR

One type will have plus (+) signs <n the
positive end; another will have a band
or a groove around the positive gide 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 mist be oriented so the

arrow points to the negative polarity side.

The tantalum capacitor is metallic in
appearance and smallier 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-screensd side of the board. Be
sure to align the positive polarity
side with the "+" signs printed on
the board.

2. Holding the czpacitor in place, turn
the board over and bend the two
leads slightly outward. Solder the
leads to the foil pattermn 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 £it 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 pattemn.

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

4. Soléer 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~

NOTE: Always check the part mumber of
each transistor you install it,
(See 1isting of Transistor Part Numbers
for each board.) Some transistors look
identical but differ in electrical char-
acteristics, accarding to part nurber.
If you have received substituts part
mibers for the transistors in you kit,
check the Transistor Identification
Chart which follows these instructicns
to be sure you make the correct sub~

'6’8
E

labeledw:.than
wh:.chlead:.sthe emititar lead, rafer to
the Trangistor Identification Chart.

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

2. Holding the transistor in placa,
tum the board over and bend the
three leads slightly outward.

3. Solder the leads to the foil pattern
on the hack side of the board; then
¢lip off any excess lead lengths.

Diode Installation

NOTE: Diodes are marked with a band on
or2 end indicating the cathode end.

Each diode must be installed so that

the end with the band is oriented towards
the band printed an the PC board. Fail-
ure to orient the dicdes 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 Mumbers included for each
board to make sure you install the corract
dicde 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 ¢ver and
bend the leads slightly cutward.

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



TRANSISTOR IDENTIFICATION CHART
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enzeort
C34438
o3443y
c34473?
234420
2NAZHD

INIS42
ZNIGHS (NO FLAT)

s
T

orsT2
tnanza

73907
aTas
438473
FLE ]

214410
EN4410

PN2907
2n2907
EN2907*

IN THE ILLUSTRATION ABOVE THE QUTLINE OF EACH TYPE OF TRANSISTOR IS
SHOWN OVER THE PADS ON THE CIRCUIT BCARD WITH THE CORRECT DESIGNATION
FOR EACH OF THE THREE LEADS, WUSE 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 QTHERS ARE
USED YOU WILL RISK DAMAGING YOUR UNIT:
214410 = EN4410 = CS4410 = (54437, €S4438, T1S98, ST98, S38473 (iPN)
EN2907 = 2N29G7 = PN2907 = ST2907, (S4439 (PNP)
WHEN MAKING SUBSTITUTIONS, REFER TQ THE ILLUSTRATION TO DETERMINE THE
CORRECT CRIEMTATION FOR THE THREE LEADS,

“Configuration of the leads on EN29Q7 may vary.
8
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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.

BACK-FANEL

{2)%8.32 SCRE WS

1




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 thse draw-
ing below.

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

12




Terminal Block Installaticn

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 bloek
on the wrong side of the panel.

Tighten all four screws firmly into place.

TERMINAL
BLOCK

(4)"6 LOCKXWASHERS
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 E;, the smaller as Eg,

- Wire Preparation

Before mounting these transformers, the
wires must be cut to the propar 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 entar 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 elaven 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 rad)
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.

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 ¢rimping tool, if avail-
able, or elsgse 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.

Mounting

Refering to the drawings following the
"Transformer Wire Preparation" drawing,
mount transfoermers Tl & T2 to the back
panel.
NOTE: For proper orisntation, transformer
T1 should have the two yellow wires
towards the top of the panel (with

refarence to the drawings), and T2

should have the two black wires to-

wards the top of the panel. i

Be sure to install a terminal lug
on transformer Tl as shown in the
drawing. This is a sclder 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 usa.

H



cut off

YELLOW/GREEN
BLACK
f e 4 3/4"
YELLOW YELLOW
4 1/2" cut off
s 1/2¢ / | BLUE

( T ) (| m )

BLACK: BLACK WHITE RED
2 374" g0 2 2
ORANGE FED
2 w 2
WHITE
2!!

TRANSFORMER WIRE PREPARATION

STRIP

I-— 172" --;

, — 315291-— TERMINAL
i T — -

13



BACK PANEL

(2y*s-32x1/2 "
SCREWS

TERMINAL
LUG

(3)°6 LOCKWASHERS-
(2)*6-32 NUTS

2)*6-32x1/2"
SCREWS

/ .
0% Ay :
' (4)"6 LOCKWASHERS
Q
Q

(2)%6-32 NUTS

BACK PANEL

16



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.

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

BACK PANEL

FUSE HOLDER | ] 'z

RUBBER
WASHER




90° ANGLE CLIP INSTALLATION

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

NOTE: One side of the ¢lip 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 ¢lip as shown below and tighten
the screws firmly intoc place. Be sure that
clip remains "square” with the panel when
tightening the screws.

BACK PANEL

He.32x3/8"
SCREW

ﬂ%-SZ NUT

{4)*6 LOCKWASHER
Fe-32 NUT

ANGLE CLIP

*g-32x3/8"
SCREW

18



Fan Installation

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

Thers is some black wire included with
the kit; cut two 6 1/2 inch lengths of
this wire, Strip 1/2 inch of insulatien
from cne end of each of the wires, and
1l/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 twe terminals on the fan in one

of the corners. Socldar the ends of the

two wiras oppesite the crimp terminals to

the terminals on the fan.

Refering to the drawing below, mount the
fan and screen to the back panel using
the hardware indicated. For proper
oriantation, the terminals with the two
wires attached should be towards ths
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.

(4P6-32x 2" eLATHEAD

SCREWS

i
ary,
......

(4)"6 FLATWASHERS

(4) CLIP-ON NUTS

PROTECTIVE
SCREEN

]

{
a3

(4)°6 LOCKWASHERS
@)%6-32 NUTS



Power Cord Installation

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

1) sStrip 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

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




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 following instructions. Interconnect Wires
Te avoid confusion, it would ba bast to CCLOR LENGTH
prepare these wires one at a time.

Yellow/ 2 inches
The list on the right indicates the coleor Graen*
of each wire, the length to which it
should be cut, and a reference "tag". Black 22 3/4
Use the following steps to prepare each Black 17 3/4 ¢
wire:

Black 17 1/2 b
l) Cut the specified color wire to the
length indicated. _ Black 25 o

2) strip 1/2 inch of insulation from White 18 "
one end and 1/4 inch from the other.
White 17 3/4 "

3) Tin the wire exposed 1/4 inch by ap- ’
plying a thin coat of solder. Orange 17 3/4 °

4) BAccording to the instructions on Orange 18 1/2 "
page , oonnect a screw-mount
crimp terminal to the 1/2 inch Qrange 18 1/4 "
stripped end.

5) Approximately 5 inches from the 1/4¢ *From transformer T1,
inch tinned end of the wire label it, This wire need not be
using masking tape, with the refer- labeled.

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".
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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)

Threa 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 labelad "FUSE".

1) Soldsar the 1/4 inch tinned end of the
yellow/green wire to tha solder lug
on transformer T1.

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

d) 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 prapared sarlier refer to the numbers
shown on the terminal block.

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

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 positiocns on
the terminal block. There should be

a total of 2% crimp terminal connections
made to the block.

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

The ON-QFF SWitch may also be scldered in
at this time. Use the free end of thea
black "FUSE" wire and the free and <of tha
wire labeled "1" to connect to the switzh
terminals. There are three terminals on
the switch. Use the center terminal and
ong 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

!
{ ) R is 33 ohbm (orange-crange=
black) 1/2 w

() R is 7.5 ohm, S 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

Instal) the following 3 ceramic
disk capacrcors according to the
instructions un page 6
{) c2 = ,luf, 50V

() C5 = .luf, 5QV

() cC8= ,luf, 50V

]
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o | DI' D2 o
Voo
| o O O O O
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CAPACITOR INSTALLATION

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

CAPACITOR VALUES

() C1 = 2200uf, SOV
() €3 = 33uf, 50V
() C4 = 3300uf, 16V
() Cé = 33uf, SOV
( )y C7 = 1000uf, 28V
() C9 = 33uf, SOV
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DIOCE INSTALLATION

Install the following 2 dicdes

according to the instructions
on page [ .

{( } Dl = 1N4004

{ )} D2 = 1N4004
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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=-right)

(1) Set the regulator in place
over the board so that the
mounting hole in the regu-
later and the board alignm.

{2} Use a pencil to mark the point
¢n sach of the regulator's
three leads Qirectly over
its corresponding hole in the
board.

(3) Bend tha three leads, using
needle-nosge 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) PReferring to the drawing, set
the requlator in place on the
silk-screened side of the board.
Sacure it to the board using a
#6=32 nut and screw. Hold the
regulator in place as you
tighten the nut to xKeep from
twisting the leads.

(5) Turn the board over and solder *3-32———-9
the three leads to the foil )
pattern on the back side of
the beard. Be sure not to
leave any solder bridges.

{6) Clip off any excess lead lengths.

Use the above procedure to install both
of the regulators, X1 & X3.
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VOLTAGE REGULATOR INSTALLATION
() Xt = 7824
() X3 = 7805
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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-siik-
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 Tead of the rectifier,
This Tead must be inserted into the
hoTe marked on the sjlk-screen with

a "+ sign,
NOTE:

There is also a "-" sign

printed on the regulator.

The lead nearest this sign is

the negative Tead 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
inciuded 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.

(4)

(8) Clip off any excess lead lengths.
Leave the angle bracket in place

for the next procedure.

NCTE: Aapply heat-sink compound to

all mating surfaces.
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BRIDGE RECTIFIER INSTALLATION

{ )} BR1 = VJ048
{ ) BRZ = VJ048

B Hoo
+5" O S BT
! ; _ '
BrR2} O | D" ’Da ami o |
0__Q

35/(36 blank)
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door open timer,
Disk Drive can be enabled.

RESTSTOR INSTALLATICN

Install the following 39 resistors
according €0 the instmweticns listed

on page § .

NOTE

The following modifications connect the "pwr" indicator to the

This allows the door open timer to indicate when the

1. Stand R36 up on end in the pad nearest D3-K.

2. Connect a jumper from the top end of R36 to pin 8 of IC G.

RESISTOR VALUES AND COLOR CURES

R9, R7, RS are 220 cm
{red=red-nrewn) 1/2 W

R10, R8, R6 are 330 cim
{orange-crange-trom) 1/2 W

Ri2, R14, R16 are 330 ¢m
(arange-crange-ihrewn) 1/2 W

R11l, R13, RIS are 220 cim
(red~red-hrown) 1/2 W

R33 is 220 cim
(rec=rad-ovown) 1/2 W

R34 is 330 ckm
(crange-crange-nrown) 1/2 W
R31, R29, R27, R25 are 220 cim
(rac~rec-prown) /2 W

R32, R0, R28, 226 are 330 cim
(orange=orange—rxown) 1/2 W

R36, RIS, 37 are 150 ckm
(crown~green-orown) 1/4 W

3§

()

()

()

()

()

()

R40 is 220 cim
{red=rac-orown) /2 W .

R39 is 330 om
{crange—crange-izown) 1/2 W

R38 is IX ckm
(brown=blacke-red) 1/2 W

R41 is 39K cim
(crange-hita=crange) 1/2 W

R20, R22, R24 are 33C am
{orange-orznce~hrown) 1/2 W

R19, R21, X23 axre 220 cim
(rec¢-red-orown) 1/2 W

R4 & R18 axe 330 cm
(crange=crange-trown) 1/2 W

R2 & R17 are 220 om
(med-rec-2rewn) 1/2 W
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DICDE INSTALLATIN
Install diode D6 according to the
instructions on page 7 .

() D6 = 1N914

00
& S
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CAPACTTOR INSTALLATICN

Capacitor Cl4 is an electrolytic
capacitor. Capacitors €10, Cl11, Cl2,
and Cl3 are ceramic disk capacitors.

CAPACTTOR VALUES

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

{ ) Cl4 = 500 uf, 25V electrolytic

() Clo, c11, C12 & C13 are .1 uf,
12V ceramic disks.
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DISK DRIVE RIBBON CABLE ASSEMBLY

Ribbon Cable Prevaration

There are three ribbon cable as-~
semblies to be prepared for installa-
tion in the disk drive unit. 4 12'
length of 18~-twisted pairs cable has
bean provided for this purpose.

First, cut the 12' length of
cable into two 18-inch lengths and
one 2§-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 he 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 avery inch between the twist-
ed pairs. Try not to make any cuts on
the welds themselves.

Cach time a 1/4" of insulaticn 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.



18 INCH RIBBON CABLES

: STRIP 1/8" & TIN
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25 INCH RIBBON CABLE

CUT TO 5" : STRIP 1/2" & TIN

4 PAIR
Ny © CUT TO 2" : STRIP 1/4" & TIN

- >""—"'-'“ - -
- e it 8 . am meien ]

6“

}......_.

7 PAIR

Pr. # CUT TO

10"
10“
8“
al.
7“
all
?H

~ O U R o N

STRIP 1/4" & TIN

-

————— . —

10 "

— -

-
!
v |
5o

2 PAIR
: STEP CASING EVENLY
_J APPROXIMATELY 1 1/2%
STEPS
2 PAIR
{ /7 CUT 10 2 1/4°
STRIP 1/4" & TIN
! 2 PAIR
2 PATR

1 PAIR /
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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 £ill 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 invelving 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
accur.

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 Buiffer board during the same
srocedure. Read this entire procedure
~over carefully before beginning.

47

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 cther 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 érawing.



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

Cbserve 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.

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 aleng
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". Refer to
the drawing on page to get a rough
idea of how these and the next cable
will appear when connected to +he board.
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37-PIN MALE CONNECTOR

PIN 12 NOT USED

() 19 & 37 () 15 & 33 () 11 & 30 () 7 & 26 ( ) 3822

() 17 & 35

1

l()ns.n () 9 & 28 ()5 & 24 () 1g 20

o

%
O?O?OOX Qo (o} @) O [ o
\ A
O.\r i i Y é O
(o}l Ko o] (o] ;D ;)OO ?O;)O
Y i 1°1 171 |
T ,
() 16 & 3¢ | () 10 & 29 () 6 & 25 () 2 & 21
()18 & 36 () 14 & 32 () 8 & 27 () 4 & 23
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37-PIN FEMALE CONNECTOR

PIN 12 NOT USED

ol
3
>y
-

() 1&20 () 5 & 24 ()9 & 28 () 13 &31 () 17 & 35
() 3 & 22 {) 7 & 26 () 11 & 30 () 15 & 33 () 19 & 37
| | -
] ]
T, [y 2 | |
3 Y y
? (o] ooog? g_ CKCIQIJCK
A A A 4 4 y
IR O
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91/(52 blank)
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Due to itc complexity, the 25 inch length
of ribbon cadle will be assembled in a
slightly differeat 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.
NOTE: 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.

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 proper 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.

83

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 é



CONNECTION CHART

PAIR # CONNECTOR PIN(S) PAIR # CONNECTOR - IN(S)
1 6 & F () 10 2&8wW ()
2 7&H () 11 20& X ()
3 8&J () 12 21 ()
4 9 &K () 13 Y ()
5 10 &L () 14 22 &8 2 ()
6 1l &M () 15

' ] A&s&B ()
7 15 &as () 16
8 16 & T () 17
} D&E ()
9 17sU0 () 18

L

) Jumper 18 to V |

EDGE CONNECTOR

PN 227 A

4 TWISTED PAIRS/

(A* & B*)

T~

P 14 TWISTED PAIRS

UL

— ———

P
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TSSpPIN 1
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The other end of the ribbon cable will
connect to both the Disk Buffer board
and the Power Supply Loard.

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 ccnnect to pad F in the
same manner.

Twisted-pairs #15 &
four wires (2 each)
connected to pad A.
should be connected
manner.

#16 should have all
twisted together and
Pairs #17 & #18

to pad B in the same

38

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 frcm 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
cne 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 ¢ on the
buffer beard. +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






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

BRL & BR2, in the two remaining holes.

When installing these components refer
to the drawing above and orient them

so that the markings cn the camponents
face away fram 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

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

2)%3-40XV2 FLAT HE AD SCREW

MICA INSULATOR

HEA TSINK
COMPOUND

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

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

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

remain,



VOLTAGE REGULATOR INSTALLATION

() X2 = 7805

() Q - 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 an 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
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 an 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 cn 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 and
the panel.

,_
N

> \ CHASSIS

{4)EXISTING
SCREWS




POWER SUPPLY BOARD MOUNTING

Refering to the drawing on the following page, mount
the Power Supply board to the 90° angle clin 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.



(2)4-40NUT

(2)'4 FLATWASHER
*s-32 NUT

"6 LOCKWASHER (2)5/32"SPACER(.15)

>

HEATSINK
SPACER BAR

’ HEA TSINK C OMPOUND
BOTH SIDES

(2) ™ FLATWASHER

b=

{(2Y4-4 0 X1"SCREW
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DISK BUFFER BOARD MOUNTING

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

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

The commectors on the three cables should face towards the
back panel.
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POWER SUPPLY WIRING

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

Use the following procedure:

1) All of the wires should be
comected to the pads on the
board marked with the same
designation as the tags placed
an 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) Tum 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 f£rum 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)°4-40X5/16
SCREW

CONNECTOR
(TO CONTROLLER)

: (2)°4-40NUT
(2)4 LOCKWA SHER

10



FRONT PANEL MOUNTING

'mef:mtsubpane_larxidruspanelcmnmbe:e-installed.
Use the same four screws previocusly used to mount the sub
paneltnre—mmtittothed:assisass}uminﬂuedrawing
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
PQ'!R SWITCH ARy

SUB PANEL

ORESS PANEL

..

LOCATING
- WASHER

n



LED INSTALLATION

There are three RL~21 Light-Pmitting-
" Diodes (LED's) to be installed cn the
Disk Buffer Board. These 1ED's have
a cathocde and anode lead on each of

them which must be properly oriented
for installation on the board. The

diagram below shows you how to ceter-
mine the cathode and anode leads of an
RL~-21. Hold the LED wp 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
LED's marked with a "K". The anode
lead is marked with an "A". When you
install these camoonents, make sure that
the cathode leads are in the pads marked
"K" and the anode leads in the pads
marked "A". Improper orientaticn when
installing LED's may cause permanent
damage to the component.

As is shown in the drawing on this page,
these three campanents also

special spacing and bending of the leads
in oxder to fit the unit properly.

1) Set the LED's in place cne
at a time and bend as neces-
sary to £it 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 from the
top side of the bocard. LED's
are very heat sensitive, so
use a minimm 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

BENOD 1
LINE

4
cuT_—é;__!-—(D

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

(3] SOLDER TO FIT IN PLACE
AS SHOWN

— i)




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
O
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DISK DRIVE UNIT INSTALLATICN

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 on the bottom of the
drive unit if they were factory installed.

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.

Referring to the same drawing, install the 1/4 X 1/2 X 1"
spacer bar and mounting hardware for the right rear end
of the drive umit

Tighten all three 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 f£irmly into place.

WARNING
Be sure connector is wired and installed
correctly. Incorrect installation will
damage the drive.

14



Insert Page

[ALTAIR FLOPPY DISK|

Disk Drive Assembly Procedure

addendum to page 74, Disk Drive Unit Installation

If the mounting holes on the PERTEC FD-400 are already
tapped, proceed to the instructions on page 74.

If the mounting holes are not tapped, follow the pro-
cedure below.

A. 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" sélf tapping screw (MITS part nhmber'
100957, Bag 7) into each hole.

3. Remove the screws and the masking tape.

B. Step #2 of the instructions given on page 74 may be omittad.

T4A
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DISK DRIVE PRELIMINARY CHECK QUT

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 1ight.
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 Teft edge
of the buffer board (Pin 13 of "To Controller").

The Disk Enable 1ight should come on.

B) 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 1ight 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 Tong as #8 is grounded,
and Head Load 1ight 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. Nire #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 .

76



ADDRESS SELECTION

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

Use campcnent leads saved earlier for
this purpose. Install them fram the
silk-screened side of the board and
solder them on either side.

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 #:

BD T

1 R
2

3 —

o a w > |'§

4 ——

Q

S)O

00 00 0Q
"Q°°*Q ""o

Consult the jumper chart in the Theory

of Operation section if a different
address is desired.

n



FINAL ASSEMBLY

The chassis assembly can now be installed into the cuter 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 mmtil the screw holes
align. Tighten the four screws firmly.

18



>
-
o
=
w
«n
"
<
2
[+;]
n
<
X
o

8

(4)EXISTING
SCREW



CASE TOP INSTALLATION

unit as shown below. Do

top onto the t

ﬁzesmsczewswhidulnlditoriginally.
Use #6-32x1/4"sc:ewstosecu.rethecasetcp.

Re-install the case
not, however, use

80
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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.

83



IC Installation

Install the following 28 ICs
with sockets according to the IC
Installation Instructions, Section
8, on page 4.

NOTE

74LS ICs may be substituted
for 74L ICs.

Silkscreen Part Socket ()F3 74L02 14-pin
Designation Number Size

() Fa 74L02 14-pin
() Al 74123 16-pin

()62 74L04 14-pin
() A2 74L73 14-pin

()63 74L75 16-pin
() A3 93L16 16-pin

Silkscreen Part Socket
() A4 93L16 16-pin Designation Number Size
( ) B C 74123 16-pin ()G 74104 14-pin
()B2 74123 16-pin () Hl 74L02 14-pin
( ) B3 74123 16-pin () H2 74166 16-pin
() B4 74104 14-pin () H3 74L75 16-pin
() El 74L00 14-pin () H4 74L04 14-pin
{ ) E2 74L73 14-pin ()} Jd1 74102 14-pin
() E3 74L00 14-pin () J2 8798 16-pin
() ES 74L10 14-pin () 4d3 74175 16-pin
( } A 74L02 14-pin () J4 74L74 14-pin
() F2 74L73 14-pin () K3 &TS7 or 16-pin

74367
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Resistor Instaliation

Install the following 13 rasistors according to the instructions on page 5.

Resistor

()Rl 10K ohm (brown, black, orange) 1/4 or 1/2W
() R2 10K ohm (brown, black, orange) 1/4 or 1/2W
()R3 39K ohm (orange, white, orange) 1/4 or 1/2W
() R4 10K ohm (brown, black orange) 1/4 or 1/2W
()RS 15K ohm (brown, green, orange) 1/4 or 1/2W
()R6 220 ohm (red, red, brown) 1/4 or 1/2W

() R7 330 ohms (orange, orange, brown) 1/4 or 1/2W
()R8 15K ohm (brown, green, orange) 1/4 or 1/2W
()R9 6.8K ohm (blue, gray, red) 1/4 or 1/2W

( ) R10 16K ohm (brown, blue orange) 1/4 or 1/24
() RN 1K ohm (brown, black, red) 1/4 or 1/2W

() R12 1K ohm (brown, black, red) 1/4 or 1/2W

() R13 1K ohm (brown, black, red) 1/4 or 1/24



87



Capacitor Installation

Install the following 29 capacitors
according to the instructions on
page 6. HNote that all capacitors
are installed in the same manner,
except for electrolytic capacitors.

Capacitor Value
()¢ .001 uf
{)c2 .001 uf
()cs3 1.0 uf
() cCa .22 uf
() C5, electrolytic 5 uf
( ) CB, electrolytic 10 uf
()¢7 A uf
()cs A uf
( ) C9, electrolytic 33 or
35 uf
() C10 1 uf
()cn J uf
() C12 A uf
()cs .1 uf
() Cl4a g uf
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( ) C31, electrolytic

) C15
) C16
) C17
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Diode Installation

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

DIODES

() D1, 1NS14

() D2, 1N914

0
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Voltage Regqulator Installation

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

VOLTAGE REGULATOR

(*y 7805

82
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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-
nectar.

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

IC=PIN MALE
CONNECTOR

Referring 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 "CC1" & "CC10"; 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 labelled "KEY"
on the silkscreen.)

There is a row of 20 pads along the
right edge of the board labelled CBI
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, cennect one of the twisted-pairs
to pads CB1 & 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 CBI1
with this wire on the 1st pair,
and use this wire for the 1st
connection on each of the fol-
Towing pairs as you go up the
row of 20 pads.

84

Insert all of the wires from the silk-
screened side of the board and solder
them on 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.
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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
arawings 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
CBl7 on the PC board (see silk-screen),
should be attached to a single pin.

I0-PIN MALE
CONNECTOR

I0-PIN FEMALE
CONNECTOR

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.




CONTROLLER BOARD #1 ASSEMBLY

IC Installation

Install the following 31 ICs with

sockets according to the IC Instal-

lation Instructions, Section B,

page 4.
NOTE
74LS ICs may be substituted
for 74L ICs.

Silkscreen Part Socket
Designation Number ze

() Al 74123 16-pin
() A2 74L02 14-pin
() A3 74L20 14-pin
() A4 74110 14-pin
()AS 74L10 14-pin
() Bl 93L16 16-pin
() B2 74L74 14-pin
()83 74L73 14-pin
()84 74L11 14-pin
()BS 74L04 14-pin
()E 74123 16-pin
() e 74L00 14-pin
{ ) E3 74L73 14-pin
() E4 74104 14-pin
()ES 74L00 14-pin
() A 74123 16-pin

38

Silkscreen
5es1gnat1on

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

) F2
) F3
) F4
) F5
) 61
) 62
) 63
) 64
) 65
) HI
) H2
) H3
) H
) S
) 43

Part Socket
Number Size
74L73 14-pin
74L73 14-pin
74123 16-pin
74L30 14-pin
74164 14-pin
74L00 14-pin
74L75 16-pin
7493 14-pin
74L04 14-pin
74L75 16-pin
8797 or 16-pin
74367
8797 or 16-pin
74367
8797 or 16-pin
74367
8T97 or 16=-pin
74367
74L04 14-pin



Terminal Test Point Installation

Install the 8 test points, TP]
through TP8 on Controller Board #1
according to the following instruc-
tions.

I

3.

Insert the pin through the
stlkscreened (top) side of the
board and solder in place on
the silkscreened side.

Turn the board over and solder
the pin on the foil (bottom)
side of the board.

Return the board to the silk-
screened (top) side. Straighten
the pin if necessary, and
resolder.

NOTE

Do not clip off the portion
of the test point that
protrudes from the bottom
of the board; it can be used
during testing and trouble-
shooting.

98A









Resistor Installation

Install the following 24 resistors
according to the instructions on
page 5.

NOTE

Save three excess resistor
leads for ferrite bead
installation on page 108A.

Resistor Value

()R1 330 ohm (orange, orange,
brown) 1/4 or 1/2 W

{ ) R2 220 ohm (red, red, brown)
/4 or 1/2 W

()R3 10K ohm (brown, black,
orange) 1/4 or 1/2 W

() R4 20K ohm (red, black,
orange) 1/4 or 1/2 W

()RS 10K ohm (brown, black,
orange) 1/4 or 1/2 W

() R6 20K ohm (red, black,
orange) 1/4 or 1/2 W

()R7 470 ohm (yellow, violet,
brown) 1/4 or 1/2 W

()R8 470 chm (yellow, violet,
brown) 1/4 or 1/2 W

() R9 330 ohm (orange, orange,
brown) 1/4 or 1/2 W

( ) R10 220 ohm (red, red, brown)
1/4 or 1/2 W

( ) R 10K ohm (brown, black,
' orange) 1/4 or 1/2 W

( ) R12 20K ohm (red, black,
orange) 1/4 or 1/2 W
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) R13

) R14

) R15

) R16

) R17

) R18

) R19

) R20

) R21

) R22

) R23

) R24

220 ohm (red, red, brown)
1/4 or 1/2 W

330 ohm (orange, orange,
brown) 1/4 or 1/2 W

10K ohm (brown, black,
orange) 1/4 or 1/2 W

5.6K ohm (green, blue,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

470 ohm (yellow, violet,
brown) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W






Capacitor Installation

Install the following 30 capacitors
according to the instructions on
page 6.

NOTE

Mica and Mylar capacitors are simi-
Tar in appearance to epoxy dipped
ceramic capacitors and should be
installed in the same manner.

Capacitor Value

( ) C1, Ceramic Disk .1 mf, 12-
16V

( ) C2, Mylar .68 mf, 100V

{ ) C3, Mylar .047 mf,
250V

() C4, Mylar .68 mf, 100V

( ) C5, Mica 430 pf, 500V

( ) C6, Mica 910 pf, 500V

( ) C7, Electrolytic 33 mf, 16-
35V

( ) C8, Ceramic Disk .01 mf, 12-
500V

() €9, Mylar .047 mf,
250V

( ) C10, Ceramic Disk .1 mf, 12-16V
( ) C11, Electrolytic 33 mf, 16-35V
() C12, Ceramic Disk .1 mf, 12-16V
( ) C13, Ceramic Disk .1 mf, 12-16V
() C14, Ceramic Disk .1 mf, 12-16V

102

() Cis,
() cls,
(),
() cis,
() C19,
() cao,

() ca,
() c,
() cas3,
() ces,
() cas,
() ca6,
() c2r,
() ces,
() ca9,

( ) c30,

Ceramic
Ceramic
Ceramic

Ceramic

Ceramic

Ceramic

Ceramic
Ceramic
Ceramic.
Ceramic
Ceramic
Ceramic
Ceramic
Ceramic

Ceramic

Ceramic

Disk
Disk
Disk
Disk
Disk
Disk

Disk
Disk
Disk
Disk
Disk
Disk
Disk
Disk
Disk

Disk

.1 mf, 12-16V
.1 mf, 12-16V
.1 mf, 12-16V
.1 mf, 12-16V

L4

.1 mf, 12-16V

470 pf, 500~
1KV '

1 mf, 12-16V
1 mf, 12-16V
.1 mf, 12-16V
1 mf, 12-16V
.1 mf, 12-16V
.1 mf, 12-16V
.1 mf, 12-16V
1 mf, 12-16V

470 pf, 500-
1KV

470 pf, 500-
1KV






Voltage Requlator Installation

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

VOLTAGE REGULATOCR

() KL, 7805
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105/ (106 blank)






Connector Installation

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

NOTE

The only exceptions to the
above statement are that pin
6 is to be cut off instead
of pin 4 on the 20-pin con-
nector and pin 3 of the 10-
pin connector is to be cut
off instead of pin 2.

Ferrite Bead Installation

Install three ferrite beads, L1, L2
and L3, on Controller Board #1
according to the following instruc-
tions.

1.

107/( 108 blank)

Using the excess resistor leads
saved from page 100, cut three
1-inch lead lengths.

Insert the lead through the bead
and bend the ends of the lead to
conform to the designated holes
on the board.

Insert the lead into the proper
holes from the silkscreened side
of the board, and solder to the
foil (bottom) side of the board.
Be sure not to leave any solder
bridges, and clip off any excess
lead lengths.






108/ {110 blank)






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.

1M1/( 112 blank)






DISK CONTROLLER CABLE

21"

37-PIN CONNECTOR

L S

/ T

T [
] |
|

RIBBON CABLE SHEATH

!
|
L

/_l STRIP 1/8 INCH
U
J

STRIP 1/8 INCH & TIN

& TIN

10-PIN

113

10-PIN



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 S5S1.

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

37-PIN FEMALE CONNECTOR

NOT USED

O

]

18

b

SARER AR LRSI SS N
55506 6 bbééédddé

L
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The drawing on the right illustrates
the same three female connectors as
shown on the bottom of the drawing on
page 113. The orientation in the
drawing on the right is the same as
that on page 113, only rotated 90°
counterclockwise.

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
twisted-pairs have both of their wires
attached to a single connector pin.

Once this is completed, the pins can
be inserted into the female connectoers.
The numbers in the drawing on the
right refer to the 37-pin connector
pin numbers. Use the same procedure
as with the previous ribbon cables
and insert the pins into the connec-
tors, correlating the 37-pin connec-
tor pin numbers on the right with the
with the proper wires and positions
on the 3 female connectors.

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

2)

3)

4)

5)

6)

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

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.

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

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

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.

Once all 36 wires have been = "
connected on both ends, push /4
the ends of the cable into a

fold as shown on the right, A
and secure it with a double c—__t::)
wrap of masking tape. Keep =

the fold as close as possible
to the connector itself.

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 "
sScrews.
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DISK/COMPUTER INTERFACE

Refer to the preliminary documentation releases
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
004,000 076 MVI A
1 000 Disk Drive Addr (@)
2 323  Qutput NOTE
3 010 Disk Enable Channel 1
4 076 MVI A
5 004 Head Load (Bit D2=1)
6 323 OQutrput’ HOTE 2
7 011 Disk Control Channel
10 333 Input
2 3
11 011 Sector Position Channel NOTE
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 2ll the time

D1 on all the time (flashing verv fast)
D2 on 21l the time (flashing very fast)
D3 flashing very fast

D4 flashing slower

DS flashing slowest

Dé on-not used

D7 on-not used

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

118



Note 4

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

D@ - (ENWD} - On
D1 - (MH) - Off
D2 - (HS) - Off

D3 - Not used - Off

D4 - Not used - off

DS - (INTE) - On if "INTE"™ on front panel off

D6 - (TRACK #) - Off if disk head on track #

D7 - (NRDA) - Flickering, half on - indicates that

read circuit is OK.
B) Testing Individual Functions

To test individual disk functions, an cutput of the correct data pattern
must be done on Channel 0il.

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

Address Instruction
000,000 076 MVI A

1 000 Disk Drive Addr.

2 323 Output

3 010 Disk Enable Chan.

4 333 Input

] k¥ From Sense SW

6 323 Output

7 011 Disk Control Channel

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

13



SERVILE

Should you have a problém with vour unit, it can be returned to MITS

for repair. If it is still under warranty anv defective part will De
replaced free of charge. The purchaser is responsible Tor all postage.
In no case should a2 unit be shivped 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 iastall the wood block over the door mechanism as

it was shipped to you. Secure cover and pack the unit in a sturdy card-
board container and surround 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 2
étouf cord. Be sure to tape a letter containing your name and address, a
deseription of the malfunction, and the original invoice (if the 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, Ine.
2450 Alamo SE
Albuquercue, NM 87106

11 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 P 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
220g). MWrite data consists of:

1st byte = 3773 (D7 = 1 - sync bit)
2nd byte = data on sense switch
3rd byte = 2nd - 1

4th byte = 2nd - 2

*

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

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

READ: The read data is stored in memory, starting at
address 001,2364 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 ocut 77 times to track @ and then
in 77 times to track 76, continuously repeating with the computer
in the run mode.

12



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 squeazking 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 §92 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 lecation (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

¥ * 999 is used. To change disk drive tested, the
address is contained in location (000,001) and
(000,150).

2) Qutput device addresses are in locations (000,133)

{status) and (000,141} (data).
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READ/WRITE/OUTPUT PROGRAM

| [
ThG |n-um: ADORRSS COpR EXPLAMATION
| Wita) | 00,000 074
1 M 10isk drive sidress
T i 323
3 0 [0l lor anable ch
Lhaly WI(A) 4 9t
§ O04 |Load head Wit
ot & )13
7 011 (Mak Gwsitien cowtrel chamaetl
ity ™ 10 335 [lspeet ¢ of bycas o be wrictem
3T | Sense writch
I v (Cla{a) 11117 |3tore ia “C* meg.
| Wwim 1 026 |3tewe in D" rey.
: M 37T Mk write byte
. WK L5 Cof |[Score La "9 rey.
16 001 ["OM" stacus sash
T 1] L7 333 CWELEE JeCeT et
0 61 [Secter pasition chamesl
[= 4] 1l Ite
i1 08 [# sectar
InL 33 W2 lhemp af mex stert of # 3ace,
7] | ea e
M oo
WAl Th OTH
I 200 (Wrice emsble bt
L ]
J1 M1 |Olsk feaation comtrol chammel
et 12 373 [FMiree Wrke ok
33 016 JOisk status chammel
ARACAL/ () MO0 [Test for "BEN" seatus
INE 3B M2 [ if "RD” Calse ivl)
¥ 031
3 00w
HO¥ A (D) i 172 |Mewe 31T inte acum.
Y il 3 |Oetputr flyEt byee
42 B1T 10Lsh data 1
INDAT IN ¥ 133 {Staxt of write date soquemce
' 44 010 [OLsk status chenma)
ANA 13 A0 [Test for "D status
INZ 4 301 |hay if "D False (01}
4t 043l [to Fwpar™
e
MO¥ (A)={E) $ 171 | vove “TATA™ byoe 0 scam.
o n n
$3 011 | Disk daata cheasei
Lonlin] 54 015 | Decrwmamt “DATA™ byte
Nz 33 M1 |Jump if daca byee s §.
;56 O4H | te "WOATY, wTits smother byve
| 5T 000
gt N . #0333 Start of 1ero Yyte
41 00 ) Output Jeqeence
) ANA(AY=(N} 42 240 [Teat “NNWD™ (laat byte written)
JNg 63 32 | Jump if "ENRD" Falie
o4 Ded) | To wET
L
XRA (A} (A} & 2% | Zeror accummlator
our 47 313 | Outtut mero hyxe
T 01T | Cish dara chwmel feed of writse,
seart of rwad)
[+ "1 041 | Lomd Hel reg. wich:
:: 2381 1 Starting sddr, to Itove resd data
oL

OCTAL
TG MEMDNIC | ADOMGIE COOE REPLANATTON i
wWi{m TE 008 : dtoew s P ey, .
i ' MG TN eask
: 4 " om
Lowe 7T 000
REECT |\ Im 100 333 | heed secter tese i
! 101 011 | Seccor pasicien chummel I
LM 102 e i
103 300 | # weater }
. N A4 301 | hump LE not start of B sext.
) 106 100) - s "RSECT™ b
| 104 000 4
RETIT m 107 333 | Seart of "NRDA™ tess 1
10 010 | Diek status chemmel .
. ANA(AY/(BY [ 111 240 | Test for “NRDA™ stavus !
| | Ll 302 | Jamp LF NROA® falee {e1} 1
13 urr) o “ROTIT {
: HImE :
Cm 1S 338 | faput remd dots ;
b e 002 i Bish ete channel
MM (AY 0 117 e Sture Juts in semury (i) |
L] ¥] 118 e | lacrwmget | reg. (wew Sdidr: i
T e o 12 2 | hemp Lf L orep. 40
. 1 12t 197] | co RUYST !
: { 173 o0m '
© o MW(A)e{D} | Lid LT Mewe 37T byts te sccum. |
M . E1% 325 | miaemabls disk by sutput logic | on \
- { 16 014 | OF to dish emmble e, (wmd of rend :
i start af output!
. ERIgeL) i 127 041 | Lo Hel with: '
1 TOIM 136kt Starving mbir of deca sreewd By rend i
| IR
1 131 001
s | I 13 31 l‘l‘ut output devica for busy I
P 131 000 : fiwtus eham. of termumal .
I omc 1345 007 | Tewt Bic #, Mtate Lote carry !
o 135 312 C Jump Lf caryy (Bic # » 1} '
! C 13 137)0 te OTIT® :
i i 137 ooef. H
© o MW{AY(M} | IO 176 | Meve dats fres sem(HeL) '
1 C141 373 | Gwipwt dets !
1 14T 001 . Owts chammel far term |
L T3 143 054 . Intrwmemt L register A !
1 | 144 302 ) Jump 1£ L ceg 4 3, ouepur smotber byts
! S 152)) e OTSTe :
. Yo o0
WA It orey; ;
. . L3
ar 1y 0 eanie atse :
' 152 om0
b 153 303
L1 T 144 08t | To “LOID™
'S8 com )’
. 156 1
157 P

. “«eFor R/W-atip lowp chasge
1 Data ac (000, 054) vo 037
: fata ag (200,138 co 001 i
e m . . . —
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PRELIMINARY DOCUMENTATION RELEASE

THE FOLLOWING INFORMATION IS A PRELIMINARY RELEASE ONLY.

THE COMPLETE THEORY OF QOPERATION 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.
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Reprintad from July, 1976, Computar Notes

Disk Hardware Notes
8y Tom Burston

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

A. Controllar Boards:

1. On Controller Board #1 be sure cthe bus strips are
soldersd on both the top and bottom of the P.C.

Board. Do not apply pressure to hus strips after
installacion.

2. Cn Controller Board #1 jumper the top end of R1é
(VH3) to the track from pin 7 of IC F2 (en back of
card). Tris ties floating inputs of sector logic
high to prevent noise pickup.

3. On Contzroller Boaxd #1 check the track f£rom Pin ¢
of IC Hl1 whers it goes through the board on the
plated hole. Some P.C. Cards had shorts %o the
adjacent track on the vack of the card.

4. On Controller Board #1 check jumper wires to De
sure thiere are no shortz to bus strivs (insulaticn
on wires melted), and check jumper wires for cor-
ract wiring. .

On both Board 1 and 2 check Stadb Connector for

shorts on fingers. File at an angle along the

length of the Stab Comnecter and the tevel =dge
of the card to remove anv shorss.

[}

6. 3e sure 3]l intarzonnect cables ara wirad correctl
arnd the pins ars paking good contact.

hd |

Check one shot tizing on bosh toazds as Sollows,
using the Disk Tsst Program that appeared in April
'76 Computar Notas, mages 12 and 13.

3} Controller Bcaxd #1:

BUNCTICN IC and PIY 2 PCESITIVE PULSE WITTH RANGE
Read Clock Mask € Al Pin 13 A.7us to 1.2us

Read Data YWindow IC AL Pin 3 Z.6us to 2.5%us

Sectsr Pulse Mask IT 81 Pin i3 130us <o 60C0us

Index Pulse Window IC E1 Pin 3 I.3ms to 4.3ms

Read Clear iC F1 Pia 13 1Z0us to 15%us

Index Pulse Verification IC Bl Pin 3 I.3ms to 4.:zs

Sectzt True IC Fd Pin 12 20us ta 40us

wrise Data gaabile TS F4 Pin 3 250us teo 300us
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b) Controller Board #2:

FUNCTICN IC and PIN # POSITIVE PULSE WIDTH RANGE
Repeat Step OK (Status) IC Al Pin 13 0.4ms to 0J.8nms

Step Inhibit ] (Status) IC AL Pin 5 %.5ms to ll.5ms

tHead Settle IC Bl Pin 13 35ms to 70ms

Step lTomhibit 2 (Status) IC Bl Pin § 17ms to 30ms

Trim Erase Start Delay IC 82 Pin 13 180us to 225us

Trimw Erase End Delay IC B2 Pin 3 420us to 520us

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

Disk Power Disable I1C B3 Pin 5 1.5us to 4,5us

¢} 1If the measured time constants are not within

the specified tolerance, vary the resistor value
for the one shot affected.

d) We have had difficulcty using Natiomal 74123 ICs
for B3 on Board #2. Replace with Slgnet*cs or
Tl ICs if you suspect problems.

8. If you are using 4% Dymamic cards, be sure they are
using only one wait state. See May '76 Comouter
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.

Disk Drive Chassis:

On the Buffer Card the most common difficulty is inccrrect xlrzng
or incorrectly installed ICs.

On the Power Supply Board be sure X1 and X3 are properly Iastalled
as indicated on the errata shees.

IZ vyou suspect di.‘iculty with the Disk Drive, DO NOT attempt to
service it. Any work done on the Pertec FD-400 will veid the
warranty. Typical service charges for customer damaged FD-40Q's
iaze $100.00.

Do not plug the FD-400 comnector in backwazds. Be sure to install
the nolarizZing key as the iastructions indicate., Plugging in the
connector dackwards will destroy 5-10 ICs and will cost at least
$100.00 for repair.

if you must ship the Pertaec F2-400 or complets Disk Drive Unit,
reinstal) the Disk door block or strap. Any damage to the mechznism
2s a result of incorrect shipping tvpically costs the customer
$100.00 in recair charges.

Cur dealers now have Pertec FD-400 sarvice manuals. I£ vou suspect
diZficulty with the FD-400, contact vour nearest dealer for his
advics and service.

IZ you can't remedy the diZficulty, don't ITy to save postage v
just returning the FD-400 alone. ?Please return your complete 38-
O0CZD including Cables, Controller Boards, and Drive Chassis. This
will allow us to check your system cut completely and save yvou time,
acney, and hassle. 129



DISK OPERATORS MANUAL

[. UESCRIPTION OF SYSTEM

R)
B)

UISK SPEC SHEET
DISK SYSTEM BLOCK DIAGRAM DESCRIPTION

1.

2.

CONTROLLER BOARD 1:

Controller Board 1 does all input functions to the ALTAIR
bus (Read Data, Sector Data, Status Infermation}, as well
as Control Addressing of all Disk to ALTAIR I/0.

CONTROLLER BQARD 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 Orive to the ALTAIR Disk Controiler and “Daisy Chains”
one Disk Drive to angther in multiple Disk systems.

DISK DRIVE CABINET:

)

b}

c)

POWER SUPPLY:

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

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.

THE DISK DRIVE:

The Disk Drive, a Pertec FD-400, contains the mechanism and
electronics that actually reads and writes data on the Diskette.
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[1. CONNECTION OF DISK SYSTEM:

A) CONTROLLER BOARDS:

1. " {tems Supplied:

a)
b)
c)

d)

CONTROLLER BOARD 1 (white vert strips)

CONTROLLER BOARD 2 (with short cable wired to it)

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

Connector Mounting Bracket and Hardware

2. Connection of Controiler Boards

a
b

c)

1)

> .
et i

Take cover off ALTAIR (power off!)

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

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).

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

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

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

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

Take the remaining 10 pin connector on the Eontro1%er cabie
?ith white and gray wires on it and connect it to the

Q pin connector on board 1. MNote Keying.

Take both boards, hold together and slide into slots, with
board 1 on right, board 2 on the left. B8e sure wires
from connector go out between card guides, and do not
catch on card guides.

Push cards firmiy into connector in ALTAIR mother board.

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

B) OISK 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 Orive marked "To Controller”.
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C) MULTIPLE 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 8, 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 procedura is repeated for added Disk Drive.

III. USING THE OISK DRIVE:
A) DISKETTE INFORMATION:

Always keep Diskette in envelope when not in use.
Keep Diskette away from heat, magnetic Tields {flourescent
lights, power transformers, etc.} and dust and dirt, .

Never.go?ch recording surface of Diskette (opposite label

side).

. 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 compatibie.

B) OPERATING THE DISK DRIVE:

Bow M
L e

1. Open door to Disk Drive by pulling out and down.

2. Insert Diskette into Drive with label side up, making sure
it catches on retaining tab.

3. Close door to Disk Drive.

4. The “"pwr" LED will indicate the "on" state except for
about 5 seconds when the power is turned on, or for about
S seconds aftar the door is closed. When the “pwr®
1ight is on, it indicates that the Disk Orive may be
enabled and that programs may be agtivated to access
the disk.

5. NEVER: open 0isk Drive door or turn power off when Disk Enabie
and Head Load lights are on. There would be a good possitili-
ty that you would interrupt the software during a writ2 func-
tion, and destroy data on the Diskette.

6. Consult software documentation on methods used to joad basic or
use software. For appiications where the user wishes to
write his own software. See last section, "Controller [/0
Information".
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ALTAIR DISK CONTROLLER I/0 INFORMATION
A. Address codes for I/0
Address Made

1. 219 Out Select, latches and enables controller
: and disk drive.
2. a9 In Indicates status of disk drive and controller.
3. MM out Controls disk function.
4, 1 in Indicates sector position of disk.
9. p12 Out Write data.
8. P2 In Read data.

B. Definitions (In order as listed above)
1. Selection of Disk Drive "OUT" on CH #p19

0f LSB Enables 1 of 16 drives (each drive has a unique ad-
D3 dress, selected by 4 jumper wires) and enables con-
D2 troller (on disk drive buffer P.C. card).

D3 MSB

04

0§ Not-used, don't care.

06

B7 Clears disk control if set to 1 (D0-06 don't care).

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

MOTE: a) If disk drive door is open, drive and controller
cannot be enabied.

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

¢} If disk interconnect cable is not connected between
the controlier and the drive, drive and controller
cannot be enabled.
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%*

2. Status (P19 - INP) indicates disk status when drive and controlier
enabled. Also gives valid "INTE" status (DS) from the ALTAIR bus

when

controller epnabled.

True condition = Q, Faise = 1.

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

ng -

01 -

D2 -

D3
04

D6 -
07 -

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

Move Head - I[ndicates head movement allowed when true (step
IN, step QUT,)}. 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 lcad. Goes false during Write and 475 us
after Write to allow completion of trim erase.

HS - Head Status - True 40 ms after head loaded or step command
T7f stepping with head already loaded). Indicates when head

ts properly loaded for reading and writing. Also enables sec-
tor position channel when true.

Not Used, = 2.

Not Used, = 2.

INTE - Indicates interrupt enabled.

TRACK 0 ~ Indicates when head is on outermost track.

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 confaining the SYNC bit is the first byte
read from the disk.

See "Write Enable"
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Control (P11 - Qut) - Controls Disk operations when disk drive
and controller enabled., A true signal, Togic 1, on a data Tine
will control the disk as follows:

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

D1 - Step OUT - steps disk head out one position to lower numbered
‘ track.

D2 - Head Load - loads head onto disk - enables sector position
status.

D3 - Head Unload - removes head from disk surface, may be unloaded
immediately after "Write Enable” {write and trim erase circuits
hold head loaded until through).

D4 - IE - Interrupt Enable - enables interrupts to occur when SR®
true (see sector definition).

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

D6 -~ HCS - Head Current Switch - must be true when outputting a write
fnstruction 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).

D7 - 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 us from Write Enable, trim erase automatically turned
on. 2BO 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 8it) (most sifnificant bit written first).

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

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

7. At end of sector, the write circuit autcmatically disabled,
trim erasa disabled 475 us later.
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NOTE: a) Write circuit will continue writing last byte out-
putted on CH #812 to the end of that sector.

b} Head way be unloaded anytime during write cycle if no
read or write function is expected after current write

Once Write is enabled, it holds the head loaded

for the required time. (For writing and trim erase).

cycie.

Sector Position (P11 - INP) with disk drive and controller enabled,

and 40 ms after head is loaded, the sector information is as follows:

D@ - SRP - Sector True - True when = 0, and is 30 us long. The
write mode should begin as close as possible to the time that [P

gces true.

Write data will be requested 280 us after DP goes

true. Read data will be available 140 us after SRP goes true.

SECTOR #
U1-SR1-
D2-SR2-
03-SR3-
D4-SR4-
DS-SRS~

2
p
?
2
2
2

oW W W

e

A T -~ T -

go&o..oooooo 000000 L2CC I I B N R 00.01

g". ...... #2848 08 %0 0‘.00‘0.'0..!1

g ooooooooooooooooo LR I I B A N R ] 1

5. Weite Data (912-0UT) Outputted on the “ENWD" status request.

8. Read Data {P12-IN) Inputted on the "NRDA" status flag.
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DISK SYSTEM BLOCK DIAGRAM

ALTAIR BUS
A
BOARD | BOARD 2
I. ADDRESS SELECTION. I DISK ENABLE CIRCUIT,
2. SECTOR CIRCUITRY. [E———>{ 2 WRITE CIRCUITRY.
3.READ CIRCUITRY. 3. 2'25 omRvE CONTROL
) .
4.STATUS OUTPUT. VITRY
7 7
ALTAIR CAGINET
18 PAIR CABLE
)
DISK DRIVE CABINET I
DISX
POWER ag:::: PERTEC
FD 400
SuPPLY (ADDRESS DRIVE
LINE DRIVERS)

TO NEXT DISK ORIVE
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DISK CONTROLLER BLOCK DIAGRAM

SHEET 2 INTERNAL CONNECTIONS

SOARD !} o
] [{:I3]
CONTROLLER
v rou ADORESS
T SELECT CIRCUITS
SECTOR _REOUEST
BOARD 2
SECTOR/ WRITE DATA ENABLE (WOE) WRITE
INDEX CIRCUIT
CIRCUIT
READ WRITE ENAOLE
2B 1 4
READ ORIVE
CIRCUIT SELECT Dige ENABLE
CIACULT .
NADA
06 (W}
25 o18x
STATUS FUNCTION
5 CIRCWIT CONTROL
CIRCUIT
—
INTERUPT _QuUTPUT LUNT)
HEAD STATUS (HS)

MOVE HEAD (MM}

ENTER wEW WRITE OATA {ENWD)
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Page 229: |
{ ) E1, €2 == 14-pin -- 74L00
CHANGE TO:

( ) E1, E3 -- 14-pin -- 74L00
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SYSTEM TIMING MODIFICATION FOR ALTAIR FLOPPY DISK

TMPORTANT
If assembling a new unit, disregard the component removal
instructions and install new components in place of the
components provided with the 88-DCDD kit.

1/{2 blank)






I. Introduction

To increase Diskette interchangeability from Drive to Drive and
minimize Disk I/0 errors, two time constants on the 88-DCDD Controller
Board #1 have been reevaluated. The effect of the timing change is to
center the data within the Sector, allowing a greater tolerance of Disk
Drive misalignment.

A Diskette written with the new write delay should be marked “NWD"
for identification purposes. A1l BASIC and DOS Diskettes shipped from
MITS after August 31, 1977, are written with the new write delay and
are marked "NWD." A1l Diskettes written with the new write delay are
compatible with unmodified systems. The Read Clear Timing must be -
changed to take advantage of the new write delay modification. When
Diskette interchangeability is not required and there is no difficulty
with Disk 1/0 Errors, the complete modification is not mandatory;
hovever, changing the Write Delay as in Section II, Step A is
recommended. The modification is strongly recommended for multiple Drive
systems or single Drive systems where Diskette interchange is required.

If facilities for performing the modification are not available,
return Controller Board #1 for special modification at no extra charge.
The board will be modified except for replacement of the Read (lear One
Shot timing resistor, R5. The correct resistor for RS will be returned
with the board and should be installed after all Disk software copying
or rewriting is completed as indicated in Section IV of the modifica-
tion procedure.

An important modification includes changing the timing IC to
74L8221. This is done because the 74LS221 is more stable and predic-
table than the 74123, and eliminates the need for trimming or adjusting
the timing resistors.




The modification procedure is outlined in Section I and IC
jnstallation and identification instructions are provided in Section
III. The recommended procedure for copying Disk software for single

and multiple Drive systems is explained in Section IV.

The following is a 1ist of the parts included in the modification

k1t0

Quantity

2

Value
74L5221 IC
€.65K * 1% resistor
12.1K + 1% resistor
4.32K + 1% resistor
8.45K + 1% resistor

MITS Part #

101466
102228
102226
102227
102228

Component Location

F1, Fé
RS

R12
R11

R6



11. Modification Procedure

A. Change the Write Clear One Shot timing from 280us to 389%us.

1.

2.

3.

Remove resistors R11 and Ri12. Be careful not to damage
the plated portion around the holes in the PC board.
Install a 4.32K ohm (+ 1% tolerance)} resistor in the Ril
position and a 12.1K ohm (+ 1% tolerance) resistor in the
R12 location, according to the following instructions.

a. Using needle-nose pliers, bend the leads of the
resistors at right angles to match their respective
holes in the PC board.

b. Install the resistors into the correct holes in the
silkscreened side of the board.

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

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

Remove IC F4 from its socket and install the 74LS221 IC

in its place according to the installation instructions

in Section III, Part C. 1If IC F4 is installed directly
into the board, follow the removal and installation

instructions in Section [II, Part B,

If available, use an oscilloscope to measure the positive

pulse width at TP-8 (IC F4 pin 5). This step is not

mandatory due to the timing predictability of the 74LS221

IC., The pulse width should be in the range of 355us to

425us (389us nominal + 10%) when the Drive is enabled and

a Diskette installed.

B. Copy all Diskettes using the procedures and instructions

listed in Section IV.

If the Read Timing is not to be changed,

it is not necessary to copy the Diikettes.



C. Change t"- Read Clear One Shot timing from 140us to 214ys.

]0

2.

Remove RS and R6 being careful not to damage the plated
portion around the holes in the PC board.

Install a 6.65K (+ 1% tolerance) resistor in the RS

position and an 8.25K (+ 1% tolerance) resistor in the
R6 position according to the resistor installation proce-
dures followed in Part A, Step 2 of this section,

Remove IC F1 from its socket and install the 74L5221 IC
in its place according to the installation instructions

‘in Section III, Part C. If IC F1 is instalied directly

into the board, follow the removal and installation
instructions in Section 11I, Part B.

If available, use an oscilloscope to measure the positive
pulse width at TP-5 (IC F1 pin 13). This step is not
mandatory due to the timing predictability of the 7415221
IC. The pulse width should be in the range of 195us to
230us (214us nominal + 10%4) when the Drive is enabled and
a Diskette is installed.

0. Change the schematic to coincide with the modification.



I1l.

IC Identification and Installation

A-

IC Identification Instructions.

A11 integrated circuits (ICs) must be oriented so that
the notched end is toward the arrowhead printed on the PC
board. Pin 1 of the IC should correspond with the pad marked
with the arrowhead. If the IC does not have a notch on one
end, refer to the IC Identification Chart to identify pin 1.

ICs may have any one, or a combination, of several
different markings which are very important in determining
correct orientation when the ICs are placed on the printed
circuit boards. Incorrect orientation of ICs may cause
permanent damage.

IC Identification Chart

0o Or
0T 7T




The chart below indicates .2 various methods used to

" show the position of ICs on the printed circuit boards.

These outlines are silkscreened directly on the board. The
arrowhead indicates the pin 1 position.

Tk

]

A1l ICs can be easily damaged and should be handled
carefully. Always try to hold the IC by the ends, touching
the pins as 1ittle as possible. When removing the IC from
its holder, carefully straighten any bent pins with 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.

Removal and Installation of ICs Without Sockets.

1. Cut all the pins and carefully remove each pin one by one,

2. Clean the. holes by using solder wick or a solder removing
tool. Be careful not to remove the plated portion of the
hole.

3. To install the new IC, orient the IC so that pin 1 coin-
¢ides with the arrowhead on the PC board.

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



5.

Lawer the other sfde of the IC into place. If the pins
cannot be easily inserted into their holes, rock the IC
back, exert a fittle 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 ail the
pins have been started into their holes, push the IC into
the board all the way. Tape the IC to the board with
masking tape.

Turn the board over and solder each pin to the foil
pattern on the back of the board. Turn the board over
and again solder each pin on the component side of the
board to insure proper feed-through connection. Be sure
each pin is soldered and there are no solder bridges.

WARNING
Make sure none of the pins have been pushed under-

neath the IC during insertion.

C. Installing ICs in Socket.

1.

After removing the old IC from the socket, orient the IC
to be installed over the socket so that pin 1 coincides
with the arrowhead on the PC board.

Align the pins on one side of the socket so that just the
tips are inserted into the holes.

Lower the other side of the IC into place. If the pins
cannot be easily inserted into their holes, rock the IC
back, exert a 1ittle inward pressure, and try again, Be
patient. When the tips of all the pins have been started
into their holes, push the IC into the socket all the way.



IV. Copy/Rewrite Procedures

The following procedures are recommended to copy Disk software for
the new Disk Read/Write modifications.

{s made.

A1l Disk software copying should be done AFTER the Write
modification has been made, but BEFORE the Read modification

CAUTION

A. With a Two or More Disk Drive System.
METHOD I - If using Disk BASIC versions 3.3, 3.4, 4.0 or
4.1, the PIP Utility Program provided on the system Diskette
may be utilized to copy onto a new Diskette. A listing of
PIP and instructions on its use are included in Section IV,

Part C.
STEP 1.

STEP 2.

STEP 3.
STEP 4.

Load Disk BASIC. Initialize the system for at least
two Disk Drives, 1.e.,, HIGHEST DISK NUMBER? should be
answered with 1 or higher.

MOUNT the Diskette with BASIC and PIP on it. 00 not
attempt to MOUNT a Diskette that is brand new (never
had BASIC or files on it).

LOAD PIP and type RUN.

Use the PIP Copy command to copy the old Diskette
{the one with BASIC and your files) onto the new
Diskette. COP takes approximately 30 minutes, so
have patience.

Check the new Diskette by re-loading BASIC (from the
new Diskette), MOUNTing, printing a directory of
files to make sure everything was copied correctly.
Now make the Disk Read modification.

10



M_.f0D II - When using DOS {Disk Operating System) and Disk
BASIC, Disk BASIC and the PIP Utility Program can be used to
copy the DOS Diskettes. Follow the procedure in Method I,
except:
STEP 3. LOAD “PIP" but UNLOAD the Diskette with BASIC on it
before RUNning PIP. Place the DOS Diskette in the
Drive where BASIC was. It is not necessary to MOUNT
to copy with PIP. Now RUN PIP, and proceed with STEP
4 of Method 1.
STEP 5. Check the new Diskette by loading DOS, MOUNTing,
jssuing a DIR command and possibly running a couple
of the programs. Proceed with STEP 6 of METHOD I.
With a Single Drive System,
METHOD I - If Disk BASIC versions 3.3, 3.4, 4.0 or 4.1 are
being used, the following program is used to copy a Diskette
onto itself by changing the write delay timing with which each
Sector of the Diskette is written. The program is necessary
in order to take advantage of the changes to the Read and
Write time delays on the Attair 88-DCDD Disk Controller cards...
Together, the program and hardware modifications change the
physical position within a Sector of a Diskette where the data
is written to and read from,

The program works by buffering.an entire track of data
at a time. This is done by allocating one element to the
string array A$ for each Sector on a track. The data on a
specific track is then read into this array and verified by
rereading each Sector to make sure it was read correctly the
first time. If for some reason the data for a given Sector
will not verify, the Sector is read back into the array again
and reread a second time. This process is repeated until
verification occurs. Once an entire track has been read and
verified, the data is then written back onto the same physical
track of the Diskette. In order to insure that the entire
operation is done correctly, the newly written data is reread
and compared against the original data. Again, if a specific

11



Sector will not verify, it is rewritten from the originél data
and reread to verify the write, This process continues until
21l rewritten data on the track is verified.

The program should work witﬁout encountering many REREAD
or REWRITE errors if the Disk Drive is in correct operating
condition and there is nothing wrong with the Diskette. If a
large number of these errors are encountered, there is usually
something physically wrong with the Drive (alignment, trans-
port, etc.) or the Diskette,

To use the program, first make the modifications to the
write time delay circuit on Controller Board #1 as described
in Section II, Part A, Then bring up BASIC and enter the
program, It can be saved on the Diskette., Now the program
must be run on all Diskettes containing programs or data for
future use. Once this is done, make the modifications to the
read time delay circuitry on Controller Board #1 as described
in Section II, Part C. This entire procedure should greatly
reduce the frequency of Disk 1/0 Errors due to Orive alignment
problems.

NOTE
This program takes about 30 minutes to run. It
can be made to run faster by increasing the
amount of string space cleared in line 100.
Currently, & minimum 4658 (137*34) bytes are
¢leared. This should be changed to clear as
much string space as there is memory available
after the program is loaded. Make sure the
Diskette is up to speed before typing "RUN."

12



700 CLEAR 137%34

110 PRINT:PRINT"DISK SELF COPY"

120 # GET TO TRACK ZERO

130 0UTS,0 A

140 IF (INP(8)AND 64) <> O THEN WAIT8,2,2:0UT9,2:G0T0140
150 # DO IT FOR ALL 77 TRACKS

160 FORT=0T076

170 PRINT:PRINTREAD T";T

180 DIM A$(31)

190 FOR S=0 TO 31 READ & COMPARE ALL SECTORS

200 A$(S)=DSKI$(S) |

210 B$=DSKIS(S)

220 IF B$ <> A$(S) THEN PRINTREREAD T";T;"S";S:GOTO 200
230 NEXT S

240 PRINT:PRINT"WRITE T*;T

250 FOR S=0 TO 31 WRITE NEW TRACK

260 DSKO$A${S),S

270 NEXT S

280 FOR S=0 TO 31  CHECK NEW DATA

290 BS$=DSKI$(S)

300 IF A$(S)<>B$ THEN PRINT"REWRITE T*;T;"S";S:DSKO$A$(S),S:60TO 290
310 NEXT S

320 - GOTO NEW TRACK

330 ERASE A$

340 IF T=76 THEN 360

350 WAIT 8,2,2:0UT 9,1

360 NEXT T

370 CLEAR 200

380 PRINT:PRINT"THAT SHOULD DO IT"

390 END

*
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METHOD II - A program to update the Write Timing on a
Diskette which runs under DOS using only a single Floppy Disk
Drive is now available free of charge to those who purchased
a copy of DOS prior to December 1, 1977. Send a copy of the
invoice or proof of purchase of D0S to MITS and regquest the
DOS Rewrite Diskette.

When the DOS Rewrite Diskette is received, perform the
following procedure. This procedure assumes only one Disk
Drive is available.

STEP 1.

STEP 7.

STEP 8.

STEP 9.

Perform the modifications to the Write Circuits
of the Disk Controller (reference Section 1I,
Part A). '

Put your old DOS Diskette in Drive 0. Bootstrap
and perform initialization as usual. 0o not MNT
it.

Remove 01d DOS Diskette from Drive 0.

Place Diskette containing Write Time Delay update
program in Drive O,

Issue the command MNT O.

Run the Write Time Delay program by typing
TIMING in response to the "." (prompt). If you
have more than one Drive and the Diskette is in
a Drive other than 0, the command is RUN TIMING
n, where n is the Drive number.

The program will type out CHANGE WRITE TIME
DELAY ENTER DEVICE NBR. Type 0. Do not hit
RETURN,

Remove the Diskette from Drive 0. Place the
Diskette to be rewritten in Drive 0.

Hit RETURN. The program will begin executing,
First it will DSM the Diskette, then it will go
around a Toop 77 times; once for each track into
memory. Then the entire track will be compared
with the contents of memory. Any Sector which
does not compare will be reread and compared
again until they do match. Then the entire

14



STEP 10.

STEP 11.

track will be rewritten with the new Write Time
Delays. The entire track will be Eompared with
memory.. Any Sector which does not compare will
be rewritten and recompared. Whern this is com-
plete, the program will go on to the next track.
When the last track is done, the Diskette is
MNT'd. This execution takes approximateiy 3
minuytes,

If you have more than one Diskette to update,
perform a DSM 0 command. Go to Step 4.
Perform the modifications to the Read Circuits
of the Disk Controller.

C. PIP utility Program.
A BASIC Utility program has been provided to perform
such common functions as printing directories, initializing
disks, copying disks, etc.

Some of the PIP commands (LIS, DIR) require
ithat one <file number>.be configured during
the Disk BASIC initialization dialeg. This
is done by answering the "HOW MANY FILES?"
question with a value greater than zero.

If an attempt is made to perform a LIS or
DIR without following this procedure, a BAD
FILE NUMBER error will occur,

NOTE

Once the BASIC Diskette has been mounted, type the following

command:

RUN “PIP"<carriage return>
(PIP will type)

*

PIP is now ready to accept commands. To exit PIP, type a
carriage return to the prompt asterisk. To initialize the
Floppy Disk in Drive P, type:

*INID

15



PIP will type “DONE" when it is finished. Any Disk number
may be substituted for the ® in the above command and PIP
will format the Diskette in that Drive. Any previous files
on the Diskette initjalized will be lost. If you wish to use
blank Diskettes with Disk BASIC, they must be initialized in
this fashion before they can be MOUNTed.

NOTE
Do not initialize the Disk with Disk Extended
BASIC on it. This will wipe out all the files
provided on the Disk.

The COP command is used to copy a Diskette placed in one
Drive to a Diskette on another Orive. Neither Diskette need
be MOUNTed for the COP command to work properly.

Syntax:

COP<01d Disk number>,<new Disk number>
Before the copy is done, PIP verifies the action by printing
the following message:

FROM<Disk number>TQ<Disk number>
Typing Y followed by a carriage return causes execution to
proceed. Any other response aborts the command., Example:

*COPP,1 FROM @ TO 1?7 Y<carriage return> DONE *
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88-DCDD
PARTS LIST
FEBRUARY, 1977

BAG 1
5 74L00 101080
6 74L02 101072
8 74L04 101073
3 74L10 101081
1 74LS11 101089
1 74L20 101039
1 74L30 101082
7 74L73 101084
2 74LS74 101088
5 74L75 101075
1 7493 101030
8 74123 101060
1 74164 101091
1 74166 101092
3 93L16 101093
5 8T97 or 74367 101040
1 8798 101045
2 7805 101074
NOTE: 74LS ICs may be sub-
stituted for 74L ICs.
BAG 2
37 .Imf 12v 20% 100348
BAG 3
1 430pf 500v 5% 100322
1 910pf 500v 5% 100356
2 .00Imf 1KV 20% 100328
1 .0Imf 16v 20% 100321
2 .047mf 100v 5% 100332
2 .Imf 100v 5% 100339
1 .22mf 100v 5% 100349
2 .68mf 100v 5% 100343
1 1.0mf 100v 5% 100373
1 5mf 25V 100323
1 10mf 16v 100350
4 33mf 16v 100326
3 470 pf disk 100316
BAG 4
4 220 ohm 1/2W 5% 101925
4 330 ohm 1/2W 5% 101926
10 1K 1/2W 5% 101928
1 5.6K 1/2W 5% 102091
1 6.8K 1/2W 5% 101931
7 10K 1/2W 5% 101932
2 15K 1/2W 5% 102083
1 16K 1/2W 5% 101942
3 20K 1/2W 5% 101940
L5 LB Th o 101887

5

IN914

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

#6 Lock Washer

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

#4 Lock Washer

3 ft. 18 Pair Cable

37 Pin Adapter Bracket

— el BB RENNDNNDON

o
x>
o
[=))

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

G 7

g &N—'Nha‘NNNN-—‘N

16 Test Points

3 Ferrite Beads
36 14-pin Sockets
23 16-pin Sockets

MISC.
] Controller PC Board 1

] Controller PC Board 2
] Disk Extended BASIC Manual

100705
100925
100933
100942
100908
100932
100941
103066
101795

101864
102114
101798
101788
101720
101789
101723
101791
1013037

101870
101714

101663
101876
102102
102103

100216
100217
101578






88-DISC

PARTS LIST

MARCH, 1977

BAG 1

1 74L30 101082
2 7805 101074
1 7824 101079
4 8T97 or 74367 101040
1 8T98 101045
1 9601 101033
BAG 2

4 .Imf 12v 100348
3  .Imf 50v 100312
3  33mf 50v 100311
1 500mf 15-25v 100310
1  100mf 25v 100365
1 2200mf 50v 100376
1  3300mf 16v 100315
BAG 3

3 150 ohm 1/2W 101915
17 330 ohm 1/2W 101926
1 1K 1/2W 101928
T 39K 1/2W 101967
1 7.5 ohm 5W 101987
1 33 ohm 1/2W 101921
BAG 4

17 220 ohm 1/2W 101925
3 RL21 100702
2 VJo4s 100711
2 IN4004 100718
*1  TIP 145 or 146 102820
1  IN914 100705
BAG 5

1 12 ft. 18 Pair

Cable 103066

2 6 ft. #20 Black 103062
3 2 ft. #20 Orange 103063
2 3 ft. #26 White 103060

*With Mica Insulator and
Shoulder Washer

BAG 6

o

x>
()
~

#4-40 x 5/16" Screw

#4-40 x 1/2" Screw Flat Head
#4-40 x 1" Screw

#4-40 Nut

#4 Lock Washer

#4 Flat Washer

#6-32 x 3/8" Pan Head Screw

#6-32 x 1/2" 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 Lug

.15" Spacer

5/16" Spacer

.6" Spacer

#6 Flat Washer

#6-32 x 1/4" Screw

o

() = ed oot cd ek ek PN PN N\ it () ot oed ed md et md
(82 ]

Heat Sink

Heat Sink

Disk Drive Spacer 1/2"
Right Angle Bracket
Strain Relief

Terminal Block
Insulated Terminal
Fuse Holder

DC37S Connector

DC37P Connector

DC37 Connector Cover
Toggle Switch ST1-1C
44-Pin Edge Connector
Keying Pin (for above)
Fastwrap

Heat Sink Grease

Fuse 2ASB 3AG

#6-32 x 3/4" Self Tap Screw

=
—
w
o

el el d wed vl ol ] gl

—d —d — —d ol ——

Power Cord 3 Wire

Disk Mechanism (Pertec) FD40O
Case

Disk Rail

Fan Filter

Fan and (4) clips
Transformer, 26V

Programmer Transformer, 24V,
9V

Diskette (blank)

Power Supply PC Board

Buffer PC Board

"Altair Disk" Nameplate
Serial Number Sticker

Assy, Theory, Oper. Manual

100912
100903
100913
100932
100931
100940
100925
100918
100916
100935
100919
100937
100933
100942
101801
101823
101829
101824
100943
100917

101775
101835
101841
101717
101719
101868
101803
101813
102114
102115
101799
101879
101800
101660
103037

101762
100957

101742
101602
100511
101862
101757
101869
102612

102620
101712
100171
100172
101808
101833
101531






IC Installation

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

arrowhead printed on the PC board. Pin 1 of the IC should correspond with
the pad marked with the arrowhead. If the IC does not have a notch on one
end, refer to the IC Identification Chart to identify Pin 1.

To prepare ICs for installation:

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,
CAREFULLY straighten any bent pins using needle-nose pliers. All pins
should be evenly spaced and should be aligned in a straignt line, perpen-
dicular to the body of the IC itself.

B. Installing ICs with sockets:

Installing ICs without sockets:

1. Referring to the drawing below, set
the IC socket into the designated
holes on the board and secure it
with a piece of masking tape.

1. 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

PC
BOARD

place. When the tips of all the pins 2. TPrn the board over and solder each
have been started into their holes, pin to the foil pattern on the back
push the IC into the board the rest side of the board. Be sure to solder
of the way. Tape the IC to the each pin and be careful not to leave
any solder bridges. Remove the mask-

board with a piece of masking tape. -
ing tape.

4. Turn the board over and solder each .
pin to the foil pattern on the back 3. Orient the IC over the socket so that
side of the board. Be sure to sol- Pin 1 coincides with the arrowhead

der each pin and be careful not to on the PC board.
leave any solder bridges. Remove

the masking tape. 4. Align the pins on one side of the

socket so that just the tips are
inserted into the holes.

] 1 S. Lower the other side of the IC into
| WARNING: l place. If the pins don't go into

| Make sure none of the pins have been their holes right away, rock the IC
{ pushed underneath the IC during back, exerting a little inward pres-
i insertion. sure, and try again. Be patient.

When the tips of all the pins have

been started into their holes, push

the IC into the socket the rest of
4A the way.







e Installation

Install the following 28 ICs
with sockets according to the IC
Installation Instructions, Section

B, on page 4.
NOTE
74LS ICs may be substituted
for 74L ICs.

Silkscreen Part Socket
Designation Number Size
() Al 74123 16-pin
() A2 74L73 14-pin
() A3 93L16 16-pin
() A4 93L16 16-pin
() Bl 74123 16-pin
() B2 74123 16-pin
{2+ B3 74123 16-pin
()B4 74L04 14-pin
()E 74L00 14-pin
() E2 74L73 14-pin
()E3 74L00 14-pin
() ES 74L10 14-pin
() Fl 74L02 14-pin
() F2 74L73 14-pin

()F3
() Fa
() G2
()63

Silkscreen

Designation
() G4

() H
() He
() H3
() H4
()N
()92
() J3
() J4
() K3

84A

74L02 14-pin
74L02 14-pin
74L04 14-pin
74L75 16-pin

Part Socket
Number Size
74L04 14-pin
74102 14-pin
74166 16-pin
74L75 16-pin
74L04 14-pin
74L02 14-pin
8798 16-pin
74L75 16-pin
74L74 14-pin
8TS7 or 16-pin
74267






N inal Test Point Installation

Install the 8 test points, TPl

through TP8 on Controller Board #2
according to the following instruc-
tions.

L

Insert the pin through the silk-
screened side of the board and
solder in place on the silk-
screened side.

Turn the board over and solder
the pin on the foil (bottom)
side of the board.

Return the board to the silk-

screened (top) side. Straighten

the pin if necessary, and
resolder.

NOTE

Do not clip off the portion
of the test point that pro-
trudes from the bottom of

. the board; it can be used
during testing and trouble-
shooting.

84A






Terminal Test Point Installation

Install the 8 test points, TPl

through TP8 on Controller Board #2
according to the following instruc-
tions.

) 3

Insert the pin through the silk-
screened side of the board and
solder in place on the silk-
screened side.

Turn the board over and solder
the pin on the foil (bottom)
side of the board.

Return the board to the silk-
screened (top) side. Straighten
the pin if necessary, and
resolder.

NOTE

Do not clip off the portion
of the test point that pro-
trudes from the bottom of
the board; it can be used
during testing and trouble-
shooting.

848
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Resistor Installation

Install the following 13 resistors according to the instructions on page 5.

Resistor

()Rl 10K ohm (brown, black, orange) 1/4 or 1/2W
() R2 10K ohm (brown, black, orange) 1/4 or 1/2W
()R3 39K ohm (orange, white, orange) 1/4 or 1/2W
() R4 10K ohm (brown, black orange} 1/4 or 1/2W
() R5 15K ohm (brown, green, orange) 1/4 or 1/2W
()Re 220 ohm (red, red, brown) 1/4 or 1/2W

() R7 330 ohms (orange, orange, brown) 1/4 or 1/2W
()R8 15K ohm (brown, green, orange) 1/4 or 1/2W
( ) R9 6.8K ohm (blue, gray, red) 1/4 or 1/2W

( )} R10 16K ohm (brown, blue orange) 1/4 or 1/2W
() R11 1K ohm (brown, black, red) 1/4 or 1/2W

() R12 1K ohm (brown, black, red) 1/4 or 1/2W

() RI13 1K ohm (brown, black, red) 1/4 or 1/2W

86A
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_«pacitor Installation

Install the following 29 capacitors
according to the instructions on
page 6. Note that all capacitors
are installed in the same manner,
except for electrolytic capacitors.

Capacitor Value
¢ ) B .001 uf
() C2 .001 uf
()¢c3 1.0 uf
()ca .22 uf
( ) C5, electrolytic 5 uf
) C6, electrolytic 10 uf
()C7 .1 uf
() cs A uf
( ) C9, electrolytic 33 or
35 uf
() clo 1 uf
()Cn .1 uf
() Ci2 1 uf
() C13 1 uf
() Cl4 1 uf

) C15 ]
) C16 .
) C17 o
) C18 a1
) €19 .
) €20 B
) c21 .
) €22 .
) c23 .
) C24 J
) €25 A
) €26 A
) €29 N
) €30 .

) C31, electrolytic 33
35

uf
uf
uf
uf
uf
uf
uf
uf
uf
pf
uf
pf
uf
uf

or
pf
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“annector Installation

There are two "boxes" marked on the silk- There is a row of 20 pads along the
screen. These are to indicate the posi- right edge of the board labelled CBI
tions for a 10-pin and a 20-pin male con- through CB20.
nector.
Remove 10 twisted-pairs of wire from an

The drawing below illustrates the in- 8-inch length of ribbon cable. Leave
stallation of a typical connector of . the two wires in each pair twisted to-
this type. 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 CB] & CB2. Continue up the row
of pads, connecting a twisted-pair to
each two pads as you go along.

{0-PIN
CONN

MA
EC

b |
om

NOTE: The twisted-pairs each have one
wire the same color in each of
them (usually black or white).
Make the connection to pad CB1
with this wire on the 1st pair,
and use this wire for the 1st
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 on the bottom side. Clip off any
excess lead lengths.

Cut the free ends of all 20 wires so
Referring to the drawing, install the two that only 1/8 inch of tinned wire is
male connectors onto the silk-screened exposed beyond the insulation.
side of the board. The long 90° bent
pins should point towards the right side
of the board. The 10-pin connector goes
between "CC1" & "CC10"; 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 labelled "KEY"
on the silkscreen.)

94A






95A






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 methed 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 connecter
properly.

NOTE: Two of the wires, both labeied
CB17 on the PC board (see silk-screen),
should be attached to a single pin.

10-PIN MALE
CONNECTOR

LE%

1

=

I0-PIN FEMALE
CONNECTOR

97A

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 net 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 andé the
board to hold the wires together.

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

c8z20
cel

o

"
o
o

KEY

Qe

cc

<020

KEY
c

Co

|
+
1
3







“ONTROLLER BOARD #1 ASSEMBLY

IC Installation

Install the following 31 ICs with

sockets according to the IC Instal-

lation Instructions, Section B,

page 4.
NOTE
74LS ICs may be substituted
for 74L ICs.

Silkscreen Part Socket
Designation Number ze
() A 74123 16-pin
() A2 74L02 14-pin
() A3 74L20 14-pin
() A4 74L10 14-pin
L) A5 74L10 14-pin
() 81 93L16 16-pin
() B2 74L74 14-pin
()83 74L73 14-pin
() B4 74L11 14-pin
() B5 74L04 14-pin
()& 74123 16-pin
() E2 74L00 14-pin
¢ ) E3S 74L73 14-pin
() E4 74L04 14-pin
() E5 74L00 14-pin
() Fl 74123 16-pin

98A

Silkscreen
5esignation

() F2
() F3
() Fa
() F5
()6l
) 62
) 63
) G4

) H1
) H2
) H3
() H4
() H5
()Js

(
(
(
()65
(
(
(

Part Socket
Number Size
74L73 14-pin
74173 14-pin
74123 16-pin
74130 14-pin
74164 14-pin
74L00 14-pin
74L75 16-pin
7493 14-pin
74L04 14-pin
74L75 16-pin
8T97 or  16-pin
74367
8797 or 16-pin
74367
8797 or 16-pin
74367
8797 or 16-pin
74367
74L04 14~pin






:rminal Test Point Installation

Install the 8 test points, TPl
through TP8 on Controller Board #1
according to the following instruc-
tions.

.

Insert the pin through the
silkscreened (top) side of the
board and solder in place on
the silkscreened side.

Turn the board over and solder
the pin on the foil (bottom)
side of the board.

Return the board to the silk-
screened (top) side. Straighten
the pin if necessary, and
resolder.

NOTE

Do not clip off the portion
of the test point that
protrudes from the bottom
of the board; it can be used
during testing and trouble-
shooting.

98B












Ragistor Installation

Install the following 24 resistors
according to the instructions on

page 5.

Save three excess resistor
leads for ferrite bead
installation on page 108A.

NOTE

Resistor

()R

(}R2

()R3

() R10

() RN

() R12

Value

330 ohm (orange, orange,
brown) 1/4 or 1/2 W

220 ohm (red, red, brown)
1/4 or 1/2 W

10K ohm (brown, black,
orange) 1/4 or 1/2 W

20K ohm (red, black,
orange) 1/4 or 1/2 W

10K ohm (brown, black,
orange) 1/4 or 1/2 W

20K ohm (red, black,
orange) 1/4 or 1/2 W

470 ohm (yellow, violet,
brown) 1/4 or 1/2 W

470 ohm (yellow, violet,
brown) 1/4 or 1/2 W

330 ohm (orange, orange,
brown) 1/4 or 1/2 W

220 ohm (red, red, brown)
1/4 or 1/2 W

10K ohm (brown, black,
orange) 1/4 or 1/2 W

20K ohm (red, black,
orange) 1/4 or 1/2 W

100A

()R13
() R4
()RS
() R16
() R17
() R18
() R19
() R20
() R21
() R22
() R23

() R24

220 ohm (red, red, brown)
1/4 or 1/2 W

330 ohm (orange, orange,
brown) 1/4 or 1/2 W

10K ohm (brown, black,
orange) 1/4 or 1/2 W

5.6K ohm (green, blue,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

470 ohm (yellow, violet,
brown) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W

1K ohm (brown, black,
red) 1/4 or 1/2 W












Capacitor Installation

Install the following 30 capacitors
according to the instructions on
—™age 6.

NOTE

Mica and Mylar capacitors are simi-
lar in appearance to epoxy dipped
ceramic capacitors and should be
installed in the same manner.

Capacitor
( ) C1, Ceramic Disk

) ¢z,
) cs,

) c4,
3 05,
) C6,
) €7,

) C8,

) C9,

Mylar
Mylar

Mylar
Mica
Mica

Electrolytic

Ceramic Disk

Mylar

) C10, Ceramic Disk

) €11,
) C12;

Electrolytic

Ceramic Disk

) C13, Ceramic Disk

) C14, Ceramic Disk

Value

.1 mf, 12-
16V

.68 mf, 100V

.047 mf,
250V

.68 mf, 100V
430 pf, 500V
910 pf, 500V

33 mf, 16-
35V

001 mf, 12-
500V

.047 mf,
250V

.1 mf, 12-16V
12-16V

12-16V

.1 mf,
.1 mf,

.1 mf, 12-16V
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) C15,
) C16,
) €17,
) €18,

) C19,
) c20,

) c21,
) €22,
) C23,
) C24,
) C25,
) C26,
) €27,
) ca2s8,
) C29,

) €30,

Ceramic
Ceramic
Ceramic

Ceramic

Ceramic

Ceramic

Ceramic
Ceramic
Ceramic
Ceramic
Ceramic
Ceramic
Ceramic
Ceramic

Ceramic

Ceramic

Disk
Disk
Disk
Disk
Disk
Disk

Disk
Disk
Disk
Disk
Disk
Disk
Disk
Disk
Disk

Disk

.1 mf, 12-16V
.1 mf, 12-16V
.1 mf, 12-16V
.1 mf, 12-16V

.1 mf, 12-16V

470 pf, 500-
1KV

.1 mf, 12-16V
A of, 12-16V
1 mf, 12-16V
1 mf, 12-16V
1 nf, 12-16V
A nf, 12-16V
1 mf, 12-16V
1 mf, 12-16V

470 pf, 500-
1KV

470 pf, 500-
TKV
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Connector Installation

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

NOTE

The only exceptions to the
above statement are that pin
6 is to be cut off instead
of pin 4 on the 20-pin con-
nector and pin 3 of the 10-
pin connector is to be cut
off instead of pin 2.

108A

Ferrite Bead Installation

Install three ferrite beads, L1, L2
and L3, on Controller Board #1
according to the following instruc-
tions.

1.

Using the excess resistor leads
saved from page 100, cut three
1-inch lead lengths.

Insert the lead through the bead
and bend the ends of the lead to
conform to the designated holes
on the board.

Insert the lead into the proper
holes from the silkscreened side
of the board, and solder to the
foil (bottom) side of the board.
Be sure not to leave any solder
bridges, and clip off any excess
lead lengths.
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Floppy Disk Documentation

Errata

April, 1977

1) Disk Board #1 Schematic (sheet 1 of 3):
R12 should be changed from 20K to 22K

2) Disk Board #2 Schematic (sheet 2 of 3):
R10 should be changed from 16K to 18K






Floppy Disk Documentation

Adderda

January, 1977

We are changing our transformers so they may be wired for either 110 volt
If your kit has been supplied with both new trans-

or 220 volt operation.
formers (part numbers 102612 and 102620}, connection may be made to 220v as
If only one of the transformers has the new dual primary windings,

shown.
the unit can be wired for 110v only.
For a 220 volt supply, bBe sure to wire the 110v fan as shown, with one

fan wire connected to the brown/white transformer wire and the other fan
wire connected to the junction of the brown and black/white transformer

The older transformers may be identified by two black wires for the

wires.
primary winding.
2 Y e N\
[ ]
.. [} BV
S & [5\2
% s/ g\ [E\=
g &\ 5 g S
S/ £/ 2\° 2 3
I/ B = 2
s/s/ %
SFING CONNECT
¥ A AND
110V il
FAN

L 220 vorT———!

ON SMALL TRANSFORMER

s 11 Vi i
NOTE:
(102620), USE THESE CONNECTIONS

FOR 110 VOLT FAN
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