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TIlE FOLLOWING INFOR.'lATIOll IS A Ph;ELIMINARY RELEASE ONLY.

THE COM?LETE THEORY OF OPERATION WILL BE ,'ODED TO THE
ASSEXBLY j'.i\llUAL AT A LATER DATE. TItE OPERA'I':lRS :'..\.'lUAL
;.:Io OOS OOC\,l:·:E!lTATION ,,'ILL BE D2\<:t.QPED HI A SINGI..E
H.'UlUt.L i.LSO. BOTH OF THESE, A!m ;>.;./Y UPD;"ES TO TIiIS
E:1TIRE SYSTf;:-I OOCUXENTATION WILL BE SENT l!"';-:EDIATELV
UFOll '!'1lI::IR PRIr>TH1G DATE.
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DISK OPERATORS MAllUAL

J. lJlSCRIPTJDIl OF SYSTEI~

A) Lll~K SPEC SHEET

B) DISK SYSTEM BLOCK DIAG~~ DESCRIPTION

I . COIlTRDLLER BOARD 1;

Controller Board 1 does all input functions to the ALTAIR
bus (Read Data, Sector Data, Status Infonnation), as well
as Control Addressing of all Disk to ALTAIR 110.

2. COIlTROLLER BOARD 2:

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

3. ItlTERCOIWECT CABLE;

An 18 pair flat cable with two 37 pin connectors, a male
on one end, a female on the other. This cable connects the
Disk Drive to the ALTAIR Disk Controller and MDaisy (hains M
one Disk Drive to another in multiple Disk systems.

4. DISK DRIVE CABINET:

a) POWER SUPPLY:

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

b) THE DISK BUFFER:

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

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

c) THE DISK DRIVE:

The Disk Drive, a Pertec FD-4DD, contains the mechanism and
electronics that actually reads a~d writes data on the Diskette.



II. C{JIlrlECTlON Of DISK SYSTEM;

A) cornRDLLER BOARDS;

1. Items Supplied;

a) COUTROLLER BOARD 1 (white vert strips)
b) CONTROLLER BOARD 2 (with short cable wired to it)
c) CONTROLLER CABLE (with 37 pin on one end. 3 Mo1ex connec­

tors on the other end)
d) Connector Mounting Bracket and Hardware

2. Connection of Controller Boards

•
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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 outside 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 cable 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 Controller cable
with white and gray wires on it and connect it to the
10 pin connector on board 1. Notl! Keying.

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

Push cards firmly into connector in ALTAIR mother board.
Install 37 pin connector in bracket and on back of ALTAIR.

straddling 2 connector holes. Use #4-40 x 5/15 screws.
lockwashers and #4-40 nuts.

•

B) DISK DRIVE CONNECTION TO ALTAIR:

Take the 5 ft. flat cable with 1 male and 1 female connector;
connect male end to Disk Controller connector on ALTAIR. and
female end to connector on the Disk Drive marked "To Controller".

•
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Th.. ALTAIR o..Jr Formal ano.....~ 01~ 3lXl.(XX)
~: Sonc.. ,ne dISk IS hal<! .ea<lf~ (32 MOOn Iorueh lI'aCkl•
....'I! 'fl,.. 137 tr,.~es on "ilCh secto•. 9 01 which ..,I us«! inretnillly
I"a.k·.•ned<sum) Ie..",,!! 128 d.", b;.~i$ P'" ~O'. 4096 per
"ac:k One flOflwdlSkml .. suppbftl ....,!h lach d"",,:~ Ilop­
p ...."I ....".labIi lor purchBw A lOfru:crt-linuI<fcr the l\oppy
d,s~ IS il'il,,,,ble il' no cha'9'" and Ii sup?~~ ...Ilh ml d;.lc ... a
so,,,.e""ln9 Thed'sk OP"'a""g .ys' ..m........flich hil'l .. completl
hill >In.lrn..'i "nd I,L'""'" lor cOll\o'~ delitlng Bnd $<lfIing
hlti-eO>lS ""'fa.~BASfC....hoch usa r""dom and ...
qu.."",,1 lIl.. ""c.,..1or ,he floppy dIsk. 1S ..1so ..,-..i1ablc.

THE ALTAIR FLOPPY
DISK SYSTEM

The ALTAIR DISk off,," , .... '''''''Ot8g<! of r>on\lCllanle memQf\.',
plu~ ...lat"ely fa" "C"U to o.e.t.. 1lw ALTAIR D!sk C""~
COfl.SOSIS of ""0 PC boa.,d1; l",~ lJJ IC-,I IMl ht ,n~ ALTAIR
cha~ Tlwy ",'e. COnn«l 10 e~ch OIher ",\'Il. 20 "mn and con­
0«'110 the dlSO< ,h,ough a 37 pm conneClO. moumed on In"

bKk of,,,,, ALTAIR Data .. lransft'lTed to and from 1M dISk
K'N:lli at ZSOK II". we The dlole conll'cller con.:~ u... .......1
data to and from 5 bn pa,,,::"1 v.ord.lone...,.d .......... 32 ~ w<:l
Tlw AlTAIR CPU,rans[ers ,he data. WOld by_.d to and Itom
tTIo!mof\.. lkpendu'19 on ...nethe, the d~ IS ".adlng or ..nung
Trw C:slo. coouali.?f aloo controli all mechal'llC4! NOClIOIU of,he
dIsk .... "'e~ "lo ptewnnng d"k .taWi to the campu'.... All nm"'9
funct>ons "'e don<. by ~,,!I.'..'e 10 hie I.... compute. for other
t.osl<s S...c.. trw jIopp.' d:skelll! Ii d,,-.dord Into 32 wetorl. a
hII,dIo...,e lnlem1p1 P,~~ can b;> ......bl<!d 10 notJy~ CPU at
thl tN>wnn1ng of each s«IOf Pow<>, (01'l,,,mp1101'1 '" ap­
p.o.,,,,,,,,e!j. I 1 arn~n Irom the .s.. (VCe) bne for the fINO

boards.
n... Dt.k Om:.. urut. "WIg a P£RTEC~ mounted an

0pI ' ..... 15',-- hlgh_w,.,.. d;>plll and ......:lIh;u comp..I1 1.
InClud ~ poto.~r supp.l; PC boclrd and il Buffer Addr~$S Line
On"." PC Boctd A coOOn9 IBn """n'il'nS low ambi~n'

''''''P'fI',wu.e 10< conun..ous ope!"B'1Ot'l The du.l< d""" .....bonel
"'" lWQ 37 pln conn~C'lotSon ,he t..ck piln,d. ani .. ,h.. ,npu,
from rhot dLsk conrrol"'•. ,hot o'n.... Ii rhl OI.lrpu"o add,uonal d'sk
dn, ... Up '0 16dnws maybe all<lchid 1000ICO<1 •

ThO' I» DCOD CO<1..'IIS of tIw dlso< con"oCet and ooe d""
d"'-e ...nll an 'n'erconnO'Ct .....bIe Th~ 88·o..k " Dr.<! dlrJo d""" fo'
~ "o'age .....pilbohlYl0 ,n..~ DeDD il"" "'cludi5 ,h.. ",rl'
conno'Cl~

ROI"lIo",,1
S"...,

HUd Lile

Disk Lile

D~ta T...n.ler....
-~Con.lImp-lion

DI;hnl

Specifications

360 rpm (166.7 ma/mll

T...ck 10 lI'ack. 10 n»
Hud~II.20....
Hud load. 40 lNI
A" .....g .. t1m.. lo rud or

",l'it... 400 n»
Worsl~..... 1 o.ec

QueI' 10.000 ho",..o1head
10 disk conUd:

Oun I million~/tIKk

250KblWsec

I 17VAC ItOW

Hud ...,.,Io...d. 32 Mdo..... iDdcIl.
O\"Si\n 101lloppydisk. 77 tl3lcb
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OISK SYSrrJol BLOCK DIAGRAJol

ALTAI'~ ."
BOARD I BOARO 2;

1 ADDRESS SELECTION. I DISK ENABLE CIRCUIT

Z. SECTOR C IRcun RY. 2; WRITE CIRCUITRY

3 READ CIRCUITRY, 3 OISK DRIVE CONHIOL
CIRCUITRY.

<l STATUS OUTPUT.

ALTAIR CABINET

f= 18 PAIR CASLE

DISK DRIVE CIlBINET

DISK

POWER DUFFER PER TEe

DO."O FO 400
SUPPLY (ADDRESS "MLINE DRIVERS)

TO ,..EXT OISK ORIVE
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DISK CONTROLLER BLOCK Ol4GRAN

SIlEET Z INHAN"\. tONNHTIONS

90"AO ,
---, DT~, I~"U IDtl

11>.....
DIS~ ISTU,," ,~'o

COIfTAo\'\.E:A
"OOAfSS

~I
•• ,no' SHECT CIAtUllSo'ra

IlCTllIl Of""nT

I BOUO ,

J I -- -- -- --
l

La't< 0 ••• "'ILl
~

1"011 ISECTOII/ WRITE IINDEX oraa. r .. Toa CU.. CIIICUIT._,
,---; CIIICUIT

~ I I r I"CTaa
,.~

~ u I d"l ....U

l II I DISK

IIIEAO OIlHIE
CIRCUIT I I SHECT 0'" ' ....Ll

~
CIRCUIT

I I~ao. I IL lib I~,

I DIS"

I
STATU'

I~
rUNCTION

j
CIIICUIT CONTIIOl.. I--I-

J
CIIICUIT I-

H L_ ----- --- -- -- -- ---
'~T(OU.T '., 1,.,1

_£aD ""YI '".
... ""t 0(&0 "'01
,~". ~

.,,, cora .."

rr=
I
I
I
I
I
I
I
I
I
I
I
U



ALTAIR DISK CONTROLLER I/O INFORMATION

A. Address codes for I/O •Address Mode

1.
~" '"' Select. latches and enables controller

and disk drive.

2. Il~ 10 Indicates status of disk drive and controller.

3. "' 0" Controls disk function.

4. ~ll 10 Indicates sector position of disk.

5. m '"' Write data.

6. ~12 10 Read data.

B. Definitions (In order as listed above)

1. Selection of Disk Drive "OUT" on CH 1.01.0

0.0 LSB
Dl
D2
03 MSB

D4
OS
06

D7

Enables 1 of 15 drives (each drive has a unique ad­
dress, selected by 4 jumper Wires) and enables con­
troller (01'1 disk drive buffer P.C. card).

Not used, don't care.

Clears disk control if set to 1 (00·05 don't care).
Disables disk control. Disk control also cleared
by opening door of disk drive or turning disk drive
power off.

•

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

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

c) If disk interconnect cable is not connected between
the controller and the drive, drive and controller
cannot be enabled.

(



C) r~ULTIPLL lJlSK DRIVE CONIlECTIQU:

1. With multiple Disk Drives, the Disks should have sequential
addresses (i.e .• for a J drive system you should have Disks
with addresses 0, I, and 2). They may be connected in any or­
der. There serial; sticker has the Disk Address written on
it. The Disk Address is deternlined 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 /lext Disk" on the
Disk Drive connected to the Controller. The other end of the
cable connects to the next Disk Drive connector marked "To Con­
troller". This procedure is repeated for added Disk Drive.

Ill. USJ/iG THE DISK DRIVE:

A) DISKETTE IIlFORMATION:

l.
2.

3.

4.

5.

-'

Always keep Diskette in envelope when not in use.
Keep Diskette away from heat. nJagnetic fields (flourescent

lights, power transforT.'.ers, etc.) and dust and dirt.
ilever touch recording surface of Diskette {opposite label

sidel.
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.

The Diskette used is hard Sectored (32 Sector holes, 1 index
hole). Blank Diskettes are available from HITS for 515.00
each. The Diskettes are not IBM compatible.

B) OPERATING THE DISK DRIVE:

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.
J. Close door to Disk Drive.
4. If Disk power is on, wait 10 seconds, after closing door

before activating any programs to access the Disk. Wait
10 seconds after turning power an with Oiskette in Drive
before activating any programs to access the Disk. This is
to allow motor speed to stabilize.

5. NEVER: open Disk Drive door or turn power off when Disk Enable
------and Head Load lights are an. There would be a good possibili­

ty that you would interrupt the software during a write func­
tion, and destroy data on the Diskette.

6. Consult software documentation on methods used to load basic or
use software. For applications where the user wishes to
write his own software. See last section, MControl1er I/O
InformationM.



l. Status (~10 . ItlP) indicates disk status when drive and controller
enabled. Also gives valid "lUTE" status (05) from the ALTAIR bus
when controller enabled.

True condition: 0, False: 1.

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

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

01 - Move Head· Indicates head movement allowed when true (step
IN, step OUT,). Goes fahe for 10 ms, true 1 ms, false 20
ms after step command. May step every 10 ms. Goes false for
40 ~s after head load. Goes false during Write and 475 lJS
after Write to allow completion of trim erase.

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

03 Not Used, ~ ~.

011 Not Used, 0.

05 INTE - Indicates interrupt enabled.

06 TRACK 0 . Indicates when head is on outern~st track.

07 NROA - New read data available - indicates that the read cir­
cuit hoi'S 1 byte of data ready to be taken from the read data
channel (012). After the SYNC" bit is detected, it occurs
every 32 lJS and is reset by an input instruction on channel
~12. The byte containing the SYNC bit is the first byte
read from the disk .

.. See "Write Enable~



3. Control (011 - Out) - Controls Disk operations when disk drive
dnd controller enabled. A true signal, logic 1, on a data line
will control the disk as follows: •
U0 Step IN steps dtsk head In one position to higher numbered

track.

01 Step OUT steps disk head out one position to lower numbered
track.

02 Head load - loads head onto disk - enables sector position
status.

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

04 ]I - Interrupt Enable - enables interrupts to occur when SR0
true (see sector definition).

05 - 10 - Interrupt Disable - disables interrupt circuit. Interrupt
Circuit also disabled by clearing disk control.

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

07 - 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. 280 uS from start of sector, "ENWO" goes true, sync
byte written by software.

4. First byte written always has most significant (07) bit A
"1" (SYNC Bit) (most sifnificant bit written first).

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

This will be
Ignore "ENWO"

6. last or 138th byte written m~st be a 000.
written for the remainder of the sector.
from this point to end of sector.

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

(



llOTE: a) Wr1te circuit will continue writinlj last Ilyte out­
pulted on ell 'I'll to the end of that sector.

lJ) IINU Iltily lot' unloilued illlytililC durll1!J wrile c.'/t.!t' if IIIl

reau or write function is expecteu after current write
cycle. Once Write 1s enabled, it holds the head loaded
for the required time. (For writing Jnd trim erase).

4. Sector Position (I'll - IHP) with disk drive and controller enabled,
and 40 ms after head 1s loaded, the sector information is as follows:

DI' - SRI' - Sector True - True when = O. and is 30 ~s long. The
write mode should begin as close as possible to the time that 01'
goes true. Write data will be requested 180 ~s after 01' goes
true. Read data will be available 140 ~s after SR0 goes true .

SECTOR I , 1 J. · . · . · · . · . 31

Ol-SRI- , , 1 .. · .. · .. · . . .. .. · .1

Dl-SR1- , , 1 ·. ..· · .. . .1

D3-SR3- , , , ,. · .. · .. .. · . · .. · .1

D4-SR4- , , , ,.. · .. .. · · .. .. . · .1

D5-SR5- , , , ,. · . . · . · .. · . · . · .1

~. Write Data (1'12-0UT) Outputted on the "ErlWD~ status request.

6. Read Data (.0l1-IN) Inputted on the "NROA" status flag.
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***** ALTAIR FLOPPY OISK *****

DRIVE &CONTROLLER - HARDWARE DOCUMENTATION

March 1976

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

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

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

IT IS GENERALLY A. GOOD IDEA. TO GO THROUGH
YOUR MANUAL A.'m AARlt 1HESE OIA.'1GES ON THE
PAGES INDICATED BEFORE BEGIt.'NING THE ACTUAL
PROCESS OF ASSEMBLING YOUR UNIT.

HIt'S, Inc.
3/16/76
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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, b~cause 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 cnisel tip (suCh as an
Ungar 776 with a 7155 tip) is recommended in the assembly hints booklet.

Sor.~ important warnings are also included in the hints booklet.
carefully before you begin work on your unit _. failure to heed
could cause you to void your warranty.

Read them
these warnings

Check the contents of your kit against the enclosed parts
you have a1 I the required components, hardware and parts.
in plastic envelopes; do not open them until you need the
assembly step. You will need the tools called for in the
Hints M booklet.

list to make sure
The components are

components for an
"Kits Assembly

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

OQ~~~~~tj~~~~~-m::;:~;,

;;;..~.00 .,"OQO....! ;~::"'""
~.,.y, lnstalled

lnstalled
components



This section of the manual describes the prq;er pr0­

cedures for installing various types of ccmponents
in yoor tit.

Read these instructioos over very carefully and
refer back to t.han '..'henever necessary. Failure to
properly i.nsta.l.l o:r.;::onents may cause pe.DIlaIleIlt
~e to the c::x::np:ment or the rest of the unit;
it will definitely void your warranty.

M:lre specific instructicns, or procedures of a
less general nature, will be included within the
asseWly text itself.

lmder IX! circunstanees sl'D1ld you prooee:i with an
as=nbly step witin.Jt fully uOOersta.~ the pro­
cedures in\'Olved. lI. little patience at this stage
will save a great deal of time and FOtential "head­
aches" later.

,

•

•



"11' 0 .......

PIli \ r:
O
,-----,

PIH I ,.,----

INTEGRATED CIRCUITS (IC's) CMI CO!'!t WITIi ANY OllE OF, OR A co.'SINATJON
OF'. SEVERAL DIFFERENT MARXWGS. THESE MARKINGS .... RE VERY IMPORTANT IN
DETERMINING THE CORRECT ORIENTATION FOR TIlE Ie's '..HEN THEY ARE Pl.JI.CED
ON TIlE PRINTED CIRCUIT BOARDS. REFER TO TIlE ABOVE DRAWING TO LOCATE
PIlI 1 OF THE Ie's, THEN USE illIS INFOR.....ATIDN HI CONJUNCTION wrnt THE
I:;FORMATlOO BELOW 1'0 PROPERLY ORIENT tAO! Ie FOR t:;STAUJl,TION.

I ,,'ARNING, INCORRECTLY ORIENTED IC's !".A'i CAUSE PER."Vi.IIENT OA.'V.GEI

l

,
.~

THE DRAWING ON TIlE LEFT WDlCAn:5 ......RIOUS
!"In/ODS USED TO SH THE POSITION or IC'S

D:l THE PRH:n;D Cl RCUIT BOARDS. THESE ARE
SILK-SCREENED DIRECTLY ON THE BOARD. THE
ARROWHEAD INDICATES THE POSITION FOR PIN 1
WHEN THE Ie IS INSTALLED.

3



IC Installat.ic:n

All Ies IlllSt be oriented so that the
l'lOtC::hed end is to.Iard the eOO with
the a.rro..tlead printed Ql the PC b:lard.
Pin I of the IC should correspond with
the pad Il'drked with the a.rro..tle.ad. If
the IC cbes not have a notch 00 one eOO,
refer to the chart 00 the preoeedi.ng page
for the ide.'1tificatioo of Pin 1.

'Ib prepare ICs for installat.ic:n:
All res are darMged easily and sMuld be
handled carefully - especially static­
sensitive /'0:; rCs. Always try to hold
the IC by the ends, touching the pins
as little as !X'Ssible.

~ you rem:;Ne the IC fran its holder,
CARnULL'i straighten any bent pins using
needle-nose pliers. All pins should be
evenly Spaced and should be aligned in
a straight line, perpendicular to the
body of the IC itself.

1. Orient the IC so that pin I coincides
with the arro..'head a'l the PC 00ard.

2. Align the pins on ooe side of the IC
so that just the tips are inserted
into the pn:per mles 00 the 00ard.

3. LoNer the other side of the IC into
place. If the pins don't go into
their holes right a'to~, rock the IC
bad\:. exerting a .litUe inward
pressure. /lind. tty again. Be patient.
The tip of a snall .scre.'driver may
be used to belp gu.ide the pins into
place. l-~ the tips of all t.l}e pins
have been started into their roles.
push the IC into the board the rest
of the way.

•

<I. Ta?e the IC into place Ql the board
with a piece of maski.ng tape.

5. 'I\.u:n the board over and solder ead1
pin to the foil patte:rn 00 the back
side of the 00ard. Be sure to sol­
der eadl pin and be care ful not to
leave any solder bridges.

6. 'IUrn the 00ard over again and rencve
the piece of masking' tape.

•

•

•
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Resistor [n~tallation

Resistors have four (or possibly five) color-coded bands
as represented in the chart below. The fourth band is gold or
silver and indicates the tolerance. NOTE: In assembling a
MITS kit, you need only be concerned with the three bands of
color to the one side of the gold or silver (tolerance) band.
These three bands denote the resistor's value in ohms. The
first two bands correspond to the first two digits of the
resistor's value and the third band represents a m~ltiplier.

4TH BAND
SILVER

For example: a resistor with red,
violet, yellow and silver bands has a
value of 270,000 ohms and a tolerance
of 101. By looking at the chart below,

r you see that red is 2 and violet 7. By
multiplying 27 by the yellow multiplier
band (lO,ODO), you find you have a
270,000 olvll (27DK) resistor. The sil­
ver band denotes the 10: tolerance.
Use this process to chose the correct
resistor called for in the manual.

2ND BAND
VIOLET

1ST BAND
RED

---<,i\\-,.t--"""""\-

3RD BAND
YELLOW

RESISTOR COLOR CODES
BANDS 3rd BAND

COLOR 1&2 (Multiplier)

Use the foll~ pro::edure to install
t."te resistors onto the toards. Make
sure the colored barrls on eadl resistor
match the colors called for in the list
of Resistor values and Color Co::les given
for each 00art:l.

Black
Brown
Rod
Orange
Yellow
Green
Blue
Violet
Gray
White

o
1
2
3
4
5
6
7
8
9

1
10
10'
10'
10"
10'
10'
10'
10'
10'

1. Using needle-nose pliers, bend the
leads of the resistor at right an­
gles to match their respective lnles
on the PC 00ard.

2. Install the resistor into the c0r­
rect h::lles on the siTh-screeR:'ld side
of the PC board.

3. !-blding the resistor in place with
one hand, turn the board over and
berd the t:\oO leads slightly outward.

4. SOlrer the leads to the foil pattern
00 the hac)!; side of the board; then
clip off any excess lead lengths.

5



Capacitor Installation

A. Electrolytic and Tantalun Capacitors

Polarity rcqui...rerents IlUSt be noted on
the electrolytic caoacitors and the tan­
tallo'":l capacitor l:eEOre they are installed.

'!he electrolytic capacittlrs CQltained in
your k.it nay. have one or possibly b.o of
three types of polarity ITadtings. -m
determine the correct orientatial. l.OClk.
for the fol.lo.dng.

Refer to the chart included for each
board for correct Capacitor Values and
install the electrolytic capacitors and
tantalun capacitors using the follo.dnq
Olmcedure.

1. Berd the 0.0 leads of the capacitor
at right angles ttl matc.'l their re­
spective holes on the board. Insert
the cap.1CitDr L'lttl the holes al the
silk-screened side of the board. Be
sure to align the positive polarity
side with the ~+~ signs printed Q"l

the boanl.

•

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

B. Ceramic Disk Capacitors

Refer to the chart mclJ.rled for ead1
board for correct Capacitor values, and
install the ceramic disk capacitors using •
the followi..ng procedure. •

[L[CTROLYYIC
CAPACITOR

~/

Insert the capacitor into the oo.r-­
rect holes fran the silk-screened
side of the I::oard. Push the capaci­
tor do..n \mill the ceramic .insula­
tion al.rrost touches the foil patteIn.

0l00se the correct value capacitor
and straighten the t:I.o leads as
necessary to fit their respective
holes on the PC board.

!bIding the capacitDr in place. ~
the board over and bend the t:..o leads
slightly outward.

4. Solder the tw::l leads to the foil
pattern on the back side of the
toard.; then clip off any excess lead

lengths.

3.

2.

'Ihe tantalun capacitor is r:etallic in
ance and s;naller than the elec­

trolytic capacitors. Its positive end
has a plus sign 00 it or a red dot.

the type will have plus (+) si<;ns al the

positive end; a!lo~ will have a band
or a gxrove around the positive side in
additial to the plus signs. '!he third
type will have an arn:.M al it; in the tip
of the arr'OoI the.....-e is a negative (-) sign
and the capacitor r:ust l:e oriente::! so the
arYOoo' lX>ints ttl the neg<ltive polarity side.

, •



TrCl1lSistor Installation

'Ib install trCl1lSistors, use tie foll­
owing lIlSt.nx:ti.ons.

rcn:: Alo"avs check the part nlJlber of
each transistor J:efore you install it.
(See listing of Transistor Part t.\rlt:ers
for each board.) SCIre trCl1lSistors lc:ok
identical but differ in electrical char­
acteristics, aaxtrdi.IJ; to part nlJlber.
If you have received substitute part
nU1'tlers for the transistors in you kit,
check the TrCl1lSistor ldentificatial
Clan o,,"hich follOtlS these instructicns
to be sure you make the correct sub­
stitutions.

fIO'n';: Always make sure the transistor
is oriented so that the emitter lead is
installed in the hole on the PC board
labeled with an "E." TO deteDnine
which lead is the emitter lead, refer to
the Transistor Identification Olart.

1. After the oorrect. transistor has
been selected an:l. the leads have
been prcperly oriented, insert the
transistor into the holes al. the
sill-screened side of the board.

2. Holding the tra..1'1sistor in place,
turn the board OV& and bend the
three leads slightly outward.

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

Diode Installatial

!'DIE: Dicxies are marked with a band Q'I

one end indicating the cath::de end.
Each diode llIJSt be installed so tJ-.at
the end ....ith the band is oriented ttwards
t..1'Je band printed Q'I the PC board. Fail­
ure to orient the diodes oorrectly may
:-esult in permanent danage to your unit.

use the follacing prooedure to install
diodes onto the board. Feefer to the list
of Diode Part NtJrbers inclu::1ed for eadl
board to make sure you install the correct
dio:le eadl tiJre.

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
hJles on the silk screen, making
sure the catn:rle end is prq:erly
oriented. 'I\lrn the board 0\Ier and
bend the leads slightly outward.

3. Solder the t:'>oO leads to the foil
pattern on the baclt side of the
board; then. clip off a:rry excess
lead lengths.
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TRANSISTOR IOErHIFICATIO'1 CHART,

,

I[§
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~
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~> 8 ~,..""., 7.". "., ""~.

8 ~ ~
tC·

~.' 1
(,.,'

~. ....~.). .]: .d\?i.. . .... ~. ,c2!.:

® e . •E2l Q .@.. .. . . -. . _. . -~,

••••••• ..... 00... ....""" .... _.- ..... •..,». ....
n •••• --'" " ....
e•• • .. ..,...
cOO'" 2114410........,... EN4410,..... ,.. 'c." . PrJ2907

2/l2907
EN2907·

IN THE ILLUSTRATIOil ABOVE THE OUTLI;~E OF EACH TYPE OF TRANSISTOR IS
SHQWil OVER THE P!\OS ON THE CIRCUIT BOARD WITH THE CORRECT OESIGNATION
FOR EACH OF THE THREE LEADS. USE THiS I~IFORHATlOi' TOGETHER WITH THE
1;.FORMATION IN THE ASS818LY MA,IUAL FOR THE CORRECT ORIENTATIOI. OF THE
TRANSISTORS AS YOU HlSTALl THEM.

THE FOLLDWIUG IS A LISt OF POSSIBLE SUBSTITUTIOilS: IF AllY OTHERS ARE
USED YOU WILL RISK DAMAGING YOUR UNIT:

2il4410 ,. EN4410 = (S4410 = (S4437. CS44]8, TIS98. ST98. $]847] (APi'll
ErlZ907 '" 2N2907 11 Pil2907 '" $T2907. (S4439 (PNP)

I.'HErl 11A!WIG SUBSTITUTIO:IS, REFER TO THE ILLUSTRATIOiI TO DETER/liNE THE
CORRECT ORIEflTATIO:1 FOR THE THREE LEADS.

'Configuration of the leads on EN2907 may vary.

I •
J
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disk drive assembly procedure



('1\::1:: '11'1' f<J':M'lVl\l..

Remove the top from the Disk Drive cAse
by wtthdrawing the tWO screws indicated
in the drawlng below. Sllde the case
tOP backwards, llftlng the back Sllghtly,
to remove lt entlrely from the chassis.

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

1IIIIIIIIIIIIIIIIIIIIIIn

•• n

".
,..

II11111111111 111111111

•<.-...
<

•,,, •,

•••••••• lL
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DISK DRIVE BACK P~~EL ASSEMBLY

Remove the back panel from the case by
withdr~winq each of the four screws in
the =rners of the panel. These four
screws are shown inserted in the draw­
inq below.

Save t..'l.ese fo\lC screws for relllOUlltinq
the back p<Ulel later in the assembly
procedure.

12
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TERMINAL
BLOCK

.'I~IIIIII II..
••

13

o
(4)-6LOCKWASHERS

BACK PANEL
(4l-6-32NUTS

•

(4l
ti

S_32X 5/8"
SCREWS

•

Terminal Block Installation

NOTE: Be Sure that the back panel is
oriented as shown: be careful
not to mount the ter:ninal block
on the wrong side of the panel.

Mount the terminal block to the back panel
as sho~n in the d~awing below. Use the
sCrew sizes and oth!!..- hardware indicated
in the d.-awing.

Tighten all four screws firmly into place.

,.



"r&nsfo=er Installation

111ere are two tz:ansfoz:rners included in
this kit. The larger of the two will be
refered to as 1'1. the sClaller as 1'2.

Wire Preparation

Before mounting these transformers, the
wires must ·be cut to the proper length
and screv-l:IOunt cri..ll:p tetlllinals attaehed
to each of them. There are also threE"
wires which will not be used at all, &nd
will be cut off at the tra:,sfon:er coil.

Refering to the drawing on the opposite
page, cut the wires on tra.nsfor:r.ers 1'1
and 1'2 to the lengths indicated. The
three unused wires should be cut off at
the point where they enter the trans­
former coil itself.

Next, as indicated in the botto~ of the
drawing, strip exactly 1/2~ of insula­
tion from eaeh of the eleven wires and
bend the exposed portion in half to 1/4"_

There are several screw-mount crimp ter­
Illinal$ included '..ith this kit. 111ese
have a slot in one end and an inSulated
portion on the other end (usually red)
for attaching wires. One of these cri~

terminals must be attached to eaeh of
the eleven transfon:ler wires_

Insert one of the wires into one of the
terminals as shown in the drawing. Push
the wire in 4S far as it will go without
distorting it or pUShing it all the way
throuqh.

The wire should then be permanE"ntly con­
nected to the terminal by either soldering
it in place or crimping. To crimp the
terminal use a crimping tool. if avail­
able, or el$e flatten the insulated por­
tion of the term.inal as tightly as pos$ible
using pliers.

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

14

I'lounting

Refering to the drawings follO'o'ing the
~1'ransformer Wire Preparation~ drawing,
lllOunt transformers 1'1 , 1'2 to the back
paneL

~: For proper orientation, transfo~er

1'1 should have the two yellow wires
towards the tOp of the panel (wah
reference to the drawings I , and 1'2
should have the two black wires to­
wards the top of the panel,

Be sure to install II terminal lug
on transformer 1'1 as Shown in the
drawing. 111is is a solder type
lug, and not the screw-mount type
used for the transformer wires.

Use the hardware indicated in the drawinqs
to lIlOunt the transformers and tJ..qhten the
screws firmly into place.

NOTE: Save;all wires that you cut off
for later use.
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YELLOW/GREEN

TRANSFORMER WIRE PREPARATION
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BACK PA NEL

(3t6 LOCKWASHERS

(2)-6-32 NUTS

TI

TERMINAL
LUG

•
()

• 0

T2

(.U·S LOCKWASHERS

(2)'1 6 _32 NUTS

BACK PANEL
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Fuse Holder Installation

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

Remove the cap and
with your kit into
the cap.

place the fuse provided
the holder. then replace

BACK PANELc

RUBBER
WASHER

FUSE HOLDER

•

•

11

NUT



90° ANGLE CLIP INSTALLATION

'nIe dl:awin'l below illustl:ates the
w<'Il:e and orient<'ltion for mountin'l
90· an'lle clip included wit!'! this

hal:d­

"'.kit.

NOTE, One side of the clip is sli'lhtly
shol:ter than the othel:. 'nIe
shorter side should ~e mounted
<'I'lainst the b<'lck panel with the
lon'lel: side extendin9 <'It 90· .

Inst<'lll the clip as sh~ below and ti9hten
the screws firmly into pI <'Ice . Be sure th<'lt
clip I:elll<'lins "square" with the panel ...hen
tightening the screws.

BACK PANEL

"6-32X3/S"
SCREW

•

ANGLE CLIP

.6-32X3/B II
SCREW

11

~6-32 NUT



l',~n Inst"llat.on

Itt:forc the cool1nq ran is Installed onto
the back panel, two lengths of Wlre ~ust

be prepared and connected to it.

There is some black wire included with
the kit; cut two 6 1/2 inch lengths of
this Wlre. 'Strip 1/2 inch of insulation
fram one end of eadh of the wires, and
1/4 lnch of insulation froQ 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 ilpplying iI thin coat of
solder.

'nIere are two terminals on the fan in one
of the corners. Solcer the ends of the
two wires opposite the crimp ter:rinals to
the ter:rinals on the fan.

Refed"g to the drawing b(!low, mount the
Can and screen to the back panel using
the hardware lndicated. For proper
orientation, the tennlnals with the two
WIr(!S attached should be towards the
bottOm on the side nearest the terminal
block. The ilr~ printed on the fan
to indicate ilirflow 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.

(4)~6-3ZX Zll FLATHEAD
SCREWS

(4) CLIP-ON NUTS

PROTECTIVE
SCREEN

BACK PANEL
(4'~6 FLAT WASHERS

(4)-6 LOCKWASHERS

(4,a 6 _3Z NUTS

19



Power Cord Installation

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

1) Strip 4" of the cord easing from the
wires by cutting a circle 4" from the
end and pulling off the black insula­
tl.on. Be careful not to cut into t.'le
inSulation on any of the wires inside.

21 The green wire inside should already
be at the correct length of 4 inches.
Cut the white wire to 3 1/2 inches,
and t.'le 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
saldel'.

4) Solder or crimp screw-mount cr~p

tenninals to the white and green
wires.

Place the strain relief, included with
the kit, over the power cord. Be sure
that the larger dia=eter end of the
relief is towards the lIIale plug end of
the cord.

Be sure that there is approxi""tely 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.

'nle black wire should reach to the
center of the fuse holder when the
cord' strain relief are in place.

BACK PANEL

•

LINE CORD

"
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(

l

Win, Preparation

USing the Wire supplied with this kit,
anc the len9th of yellow/green wire cut
from transformer Tl. prep~re th~ power
supply interconnect wires according to
the following instructions.

TO avoid confusion. it would be best to
prepare these Wires one at a t~e.

The llst on the riqht indicates the color
of each "'lte, the length to which it
should be cut, and a reference MtagW_

Usc the following steps to prepare each
wire:

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

2} Strip 1/2 inch of insulation fro".
one end and 1/4 inch fcom the other.

3) T1.n the wire exposed 1/4 inch by ap­
plying a thin coat of solder.

4) According to the instructions On
page • connect ... scre"'-lIIOunt
crimp terminal to the 1/2 inch
stripped end.

~) Approxuaately ~ Inches fl'Olll the 1/4
~nch t~nned end of the wire label it,
us~nq mask~nq tape. with the refer­
ence taq indicated.

An ~dditional length of BLACK wire should
be cut to 22 1/2 inches and 1/4 inch of
insu1at~on stripped trom each end. Tin
both ends by applying a thin coat of solder.
Label this wire ~FUS£~.

11

Interconnect Wires

~ ~ T'G

Yellow/ 2 inches 7
Crepn·

Black " 7/' 7

Black n J/' T

Black n 1/2 10

Black " 1

""'" 18 ,
White n 7/' B

Oranqe n 7/' 7

Oran'ie 18 1/2 •
Orange 18 1/' S

·Frol'l transfoI1ller Tl.
This wire need not be
labeled.



Back Panel Wiring

The disk back panel assembly may now be
CQ~pleted by connecting all of the wires
to tnelr appropriate locations.

{See drawing page 23)

three $Older connections are necessary
and should be made first. These in­
clude the black power cord wire, the
ye1low/green wire and the black 22 1/2
thch wire labeled ~FUSE~.

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

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

3) Solder one end of the black ~F\JSE~

wire to the other fuse holder ter­
mina.l.

the remaining connections will be made to
the terminal block.

'lhe drawing (P.B) shows the proper orienta­
tion and connections for all of the wires
on the back panel. the "tags" on the wires
you prepared earlier refer to the nUlllbers
shown on the te~nal block.

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

22

Use the drawing below for reference and
connect all of the wires as indicated.
Hatch the ~tags~ on the wires prepared
earlier with tile nUlllbered positlons On
the te~inal block. There should be
a total of 25 crimp terminal connections
::lade to the block.

NOTE: Where two terminals are to be con­
nected to the same screw, place
them ~back to back". In tilis POSl­
tion they will fit flat together,
and make a much ~re solid connec­
tion.

The ON-OFF SWitch may also be soldered in
at this time. Use the free end of the
black "FUSE" wire and tile free end of the
vire labeled "l~ to connect to the swiech
terminals. There are three terminals on
the switch. Use the center tenninal and
one to either sice of it. (The switch
position towards the side where tile 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 SU'PPLY BOARD ASSEMBLY

~, Save all oomponent leads ~lipped

off during assembly untIl the
entire unit is =plete. Some
of the leads will be used during
the assembly pro~ess.

RESISTOR INSTAUJoTION

Instilll the following 2 resistors
acoording to the instructions listed
on pd.ge 5 .

RESISTOR VALUES A."D COLOR CODES

( ) Rl is 33 ohm (oranqe-orange­
bla~k) 1/2 w

( ) R2 is 7.5 ohm,S W (this may
be color ooded. vio1et-green­
3rd band ~hite or gold; or it
~y be a solid body color. with
the value printed directly on
the resistor itself.

"
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CllJ>AClTOR INSTAu.;..TION CAPACITOR VAUJES

Install the tollowi'lg J ce~amic

disk capacito~s according to the
l.nstructions on page 6 .

( ) C2 - .lut, SOV

( I CS - .luf. SOV

o

o

o

o

o

o
o
o

o

o

ca •. lut. SO_~V --.

11

I
I
I
I

"

i

: 0
I
L

cs
~

---- I

I
•

III,

I
I

RIQO
-

R2 1+
C2

I 0 1-

~

1+ 1+ 1+ 1+ 1+

MITS
DISK POWER SUPPLY

c.

(



CAPACITOR INSTALLATION

Install the follo~in9 6 electrolytic
capacitors according to the instruc­
tions listed on page 6 .

)

CAPACITOR V.a.!.l,IES

~l

'. '

Cl- nOOuf, SOV

\\: C3 Dut. SOY

C. - )300uf, 16V

\, C6 )3u[. SOV

~, C7 - lOOOu.f, 25V

( , "'" ))ut, SOY

21
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C41+ C61+ C71+ CII+ C31 +
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----.-

OlDIE INSTALl,ATlOO

c Install the COllowinq 2 diode$
according to the instructions
on page 1 .

( ) 01 '" lN4004

( ) 02 .. IN4004

o
o

o

o

o

o

o

o

o

o

o

, I
I 0 I, I
I I
L •

r
---- I

I

III
I I

RI*OR2 1+

I 0 1

1

1+ 1+ 1+ 1+ 1+

MITS
DISK POWER SUPPLY
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VOLTAG!:: PECUL\TOR I~STl<U.ATION

There are 2 volt"'ge reguJ.ators to be
installed on the silk-screened side of
the power supply board, Xl * X3.

These are to be installed according
to the follo",ing procedure. (see
dra...ing-rightl

(11 Set the regulator in place
over the board so that the
mounting hole in the regu­
lator and the boarc align.

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

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

NOTE: Use heat-sink grease "'hen in­
stalling this co~ponent. Apply
it to the surface "'here t."e req­
ulator * board coce in contact.

(4) Referring to the drawing, set
the regulator in place on the
silk-screened side of the board.
Secure it to the board using a
16-32 nut and sere"'. Hold the
regulator in place as you
tighten the nut to keep from
twisting the leads.

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

(6) Clip off any excess lead lengths.

~~~ ~he above procedure to install bot."
of the requ1ators, xl & X3.

32
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c
VOLTAGE REGULATOR WSTALlATION

( ) Xl = 7824

( ) X3 7805

o

o
o

o

o

o

o

o

C3 +

XI

+CI

o

X3

C9 +

•
B E

C

o
I
I
I

I IL .. .J

C7 +

R2

C4

MITS
DISK POWER SUPPLY
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(2 )

BRIDGE RECTIFIER WSTALLATIOtI

There are two bridge N!ctifiers, aR1
&BR2, to be installed on the power
supply board.

WARNING: Read the following instruc­
tions closely. Proper
orientation of these hfo
components is absolutely
crai ca I.

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

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

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

You will observe a _+N sign printed
near one corner of the N!ctifier.
The lead nearest this ".N sign is
the positive lead of the rectifier.
This lead must be inserted into the
hole marked on tne sllk-screen wlth
a "." sign.

/lOTE: There is also a N_N sign
printed on the regulator.
The lead nearest this sign is
the negative lead of the recti­
fier, and should be diagonally
opposite the N+" lead on the board.

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
al ign.

Temporarily attach the bracket &
rectifiers to the board through
these holes llsing 16-32 & 5/B"
screws and nuts.

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

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

BE ABSOLUTELY SURE THAT THE PROPER
ORIEIHATlO;l IS USED WHEN INSTAllHlG
THESE TWO COMPonENTS.

Install the rectifiers according to the
following procedure:

(1) Insert the four leads of the
BRI rectifier into their res­
pective holes from the non­
silk-screened side of the
board. Be SUN! the "." lead
of the rectifier is inserted
in the hole labeled N._ on the
silk-screened side of the
board.

~: Apply heat-sink compound to
all matinq surfaces.



c

BRIDGE RECTIFIER INSTALLATION

( ) BRl VJ048

( ) BR2 ~ VJ048

C5

6-00:
'-----+00--- -<5:

, I

BR2: 0 :
LQ O:

o 0

1Fr?x3
~I~

C
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DISK SUFFER BOARD
A$SEMBLY

( ) A, B, 0, ,. E = 8'I97

Install the folio..­
ing 7 rCs alto the
Disk Buffer Board
according to the
rrethod described on
page 4.

{Ie =8'I98

( I F = 74LJO

( ) G = 9601



flESIsroR INST.l\LLATlOO

Install the follcwi..ng 39 resistors
accociirq to the i.nst.ructicns listed
on page 5 •

flESIsroR VALUES A.'ID COLOR axlES ",V
( ) R9, R7, R5 are 220 elm ~~~i~~7b(red-rec!-bro...Tll 1/2 W 1/2w

( ) RlO, R8, R6 are ]30 oI"1n ( ) R39 ·s
(orange-orange-bro...Tl) 1/2 w {~red-bJ:Qolnl 1/2 W

( ) Rl2, Rl4, Rl6 are 330 oI"1n ( ) R38 is lK oI"1n
(orange-orange-brcwn) 1/2 w (brom-blacJ<-red) 1/2 w

( ) Rll, Rl3, RlS are 220 oIm ( ) R41 is 39K
(red-red-bra..Tl) 1/2 W (orange-..iti.te-orange) 1/2 W

( ) R33 is 220 oI"1n ( ) TaO, Ta2, R24 are 3)0 otm
(red-red-brl;,..Tl) 1/2w (orange-orange-brl;,..Tl) 1/2 w

( ) R34 is 330 ohn ( ) Rl9, Tal, 1U3 are 220 ohn
(orange-orange-bro.ml 1/2 w (rod-red-b~l 1/2 W

( ) R31, R29, R27, R2S are 220 oI'1l\ ( ) R4 " Rl8 are 330 ol'm
{red-recl-bJ:Qolnl 1/2 w (orange-orange-bru..Tll 1/2 W

( ) RJ2, RJO, R28, R26 are 330 ohn ( ) R3 " Rl7 are 220 ohm
(Orange-orange-bIOooTl) 1/2 W (red-red-b~) 1/2 w

( ) R36, RJS, RJ7 are 150 om
(bro..n-green-bro...nJ 1/4 W

18



Insert Page

IALTAIR FLOPPY DISK I

Disk Drive Assembly Procedure

Resistor Value Changes, page 38

RJ9 should be 330 ohms

R40 should be 220 ohms

HITS, Inc.
August. 1976".
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Install dicxle 06 acoordinq to the
inst.ructia\S a'I page 1 .
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capacitor Cl4 is a.., electrolytic
capacitor. capacitors CIO, Cll, Cl2,
and Cl3 are ceranic disk capacitors.

Install these ~ents a=rding
to the instruCtions listed on page S •

( oifferent voltages may be sub­
stituted in sene cases. J

( 1 Cl4 '" 500 uf, 25"1 electrolytic

( ) ClO, ell, e12 , e13 are .1 uf,
12\1 ceomic disks.



o 0



DISK DfUVE RIBBON CABLE ASSEMBLY

Ribbon Cable !'reoaration

Thet'l!' are three dnbon cable as­
semblies to be prepared for installa­
tion in the disk drive unit. A 12'
length of IS-twisted pai~s cable has
been provided for this pU'1"0se.

First, cut the 12' length of
cable into two IS-inch lengths and
one 2S-inch length. The remainder of
the cable should be saved for later
~..

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

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

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

Study the diagra= on the next tvo
pages and prepare the three cable as­
semblles as shown. Be careful to cut
the wires precisely as indicated, and
do not damage the wire insulation when
cutting the cable sheath .

..
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There arc ",,,ver-al 31-"in connectors in
this k1l. One moll" connector and one
I~'malc c'mn"et",.. will b" u"cd now to
"Ollne"t onto one end of each of the two

r- 18 inch Icnqth;; 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 attachinq to the c.wles.

It may be helpful to solidly mount the
connectors to SOme steady object dur­
inq this and the following procedures.

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

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 o~
pads On the buffer board labeled "ro"
The female connector ~ill be wired to
the raws of pads lab~"FROM'" The
numbers on the connector pins corre­
spond directly with the numbers that
label the pads on the buffer board.

c

2} Using your solderinq iron, very
carefully heat each pin one at a
time and fill the hollow space
with solder. The solder should
not quite fill the pin and Should
have a sli'1htly 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.

WAIlNING

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

Cable Assembly

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

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 <lIsa 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 th"': cable casing
is alon'1 the rows of pads on the buffer
board labeled "TO". The longest wires
should be near the pads labeled "19 & 3r
and the shortest wires near the pads
labeled" 1 & 20". Place the MALE 37·pin
connector near the other end ~he
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
"I & 20" on the buffer board. Do this
by lnserting the wires from the silk­
screened slde 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 exces~

wire from the connectIons and then
check-off the appropriate space on the
silk-screen drawing.

47



The same tWlsted-pai~ of wi~es should
now be connected to the pins nu;:::be~ed

~l , 20~ on the 37-pin connecto~.

Cbserve the color of the ...ire ::0'" con­
nected to the pad on tile buffer boa~d

labeled" L", Be Sure to connect tili,
same wi~e to "the pin numbered "1" on
the connector, Do the s&me with pad
"20" and pin "20",

~e the connectlons by re-meltinq the
solder in the pins and inse~ting the

- ...ires up to their insulatlon, Re::lOve
the heat fro~ the pins ...hile still
holding ~~e wires in place ~1til ~~e

solder cools. Check-off the appropri­
ate SpAce on ~~e connector drawing,

Move to the next twisted-pair of wires
in the nbbon cable and use the sdllle
procedure to connect pads "2 & 21" with
pins "2 & 21", Continue in this manner,
moving across the ribbon cable one pai~

at a time, until all 18 t ...isted-pairs
are in place, Be sure that you do not
eonnect any ",ires to pin ~12" on the
eonnector,

NCYI'E: Take your time and be ca~eful

...hile soldering the wires ~
the connectors. 00 not melt
any of the ",ire insulation or
leave any solder bridges,

Check your work as you go along
and be sure that 1 is connected
to 1,2 to 2,3 to 3. etc., be­
cause eorrections ",ill be very
difficult later,

Use this p~edure to asse~le bo~~ of
the 18 inch cables. Be sure that the
MALE 37-pin connector goeS to ~~e pads
labeled "TO" and the f'tMALE connec~r

to the pads labeled "FROM". Refer to
the drawing on page to get a rough
idea of how these and the next cable
",ill appear when connected to the board.
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37-PI/l MAl.£ CONNECTOR

PIN 12 NOT USED

( ) 19 & 31 ( ) IS & 33 ( ) 11 , " ( ( , , 26 ( I 3 , 22

( I 17 & 35 ( )13&31 ( I 9 ," ( I , , " ( I 1 & 20

-I-- -

0 0 0 0 0 0 0 o ~ 0 0 0 1;00\ 0 0 0 0 0 0 0 0 0

- -- -

\()16'34 ()10'29 ( ) (, , 25 ( ) 2 , 21

( ) 18 ,36 () 14 , 32 ( ) 8 & 27

"

( J 4 , 23
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37-PIN FEMAI..E CONNECTOR

PIN L2 NOT USED

( I 1 '" ( I S '24 ( I , '" ( ) 13 & 3L ( I 17 , 3S

( I 3 ,n ( I 7 '" ( ) 11 '" ( ) L5 , 33 \ 1 19 , J7

o~
0 0 IV :j0

( l 4 & 23 ( 1 8 & 27 ( l L4 & 32 ( I 18 & 36

( ) 2 & 2L ( 1 6 & 25 ( I 10 & 29

51

( ) 16 & 34



( uue to ,t,; C"lllldcxlty. the 25 Inch lenqth
of rIbbon cable wl11 be assembled in a
slightly different ~ner.

The followinq two pages contain drawlnqs
of one end of .the :.-l.bbon cable and the
44-pln edqe connector included wIth thIS
kit. These connections, on one end of
the ribbon cable only, will be ~de ficst.

~, Be sure to observe that
the orIentation of the
edge connector is not the
same in all of the drawinqs.
Use the pin designations
themselves for any reference
when making connections.

Orient the 25 inch ribbon cable as shown
in the dra.... ,ng 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
P4ge also refers to this drawing for thO!
proper orientation. TWisted-pair 11 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 correet side when
makIng the connections.

The Connection Chart on the following
page lndicates ~here on the edge con­
nectOr each tWlsted-palr should be at­
tached. The pIn designations in the
chart and in the drawings refer to those
sU.::lp.ed into the plastic of the connee­
tor Itself. Be sure that you connect
t.'1e proper wires to the correct pins
~ccording to the designations stamped on
the connect.or.

In most cases a single wire wlll connect
to a slngle pin on the connector. Make
these eonneetions by first making a good
mechanical eonnection. and then soldering
the wire into place. Be careful not to
leave any solder bridges, or to melt any

insulation.

53

For tWlsted-palr ~12. and ~alr 113. you
will connect both wires of the palr to
a Single pln lnstead of each to a sepa­
rate one.

For twisted-palrs '15 , -16. all four of
t.'1e wires should first be t·... lsted to<;ether
and then all four attached t.o ~th of the
pins A 'B. Do the same for pairs 117 ,
il18 to connect theJ:l to plns 0 'E. Be
sure that there is a solid electrical con­
nectlon between both of the pins in each
case. (see drawing below)

~o·pairs '15 , '16
SO·palrs 117 , 118

, '1-'>, II

Be Sure to check-off the appropriate
space on the chart as you =ake each of
the connections.

Use a small plece of ribbon cable wire
to emmect pin 18 to pin V on the edge
connector.

Insert the plastic key. packaged with the
edge connector. lnto the slot between pins
5 , 6 as shown in the drawing on the bot­
tom of page



CONNECTION CHART

PAIR • CONNEC1'OR PIN (S) PAIR • CONNECTOR PIN (S)

1 6 ·, 10 19 • w

, 7 ·" II 20 • ,
7 , • J 12 21

4 9 ·, 17 ,
5 10 • L 14 " .,
6 II ·"

15

1 ' " ( )

7 15 " 16

,
" • T 17

1 0'" ( )

9 17
• U

18

Jumer18toV

EDGE CONNECTOR

14 TWISTED PAIRS

4

(11* .. B")

eM"
~SHEA'I'H
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The othce end of the eibbon cable will
connect to both the Disk Buffee boaed
and the Powee Supply boaed.

When making these connections, the same
numbeeing system will be used foe the
twisted-paies as previously. That is,
the pair furthest to the right in the
drawing on page will be lCefelCed to
as pail:" U.

Page contains silk-sclCeen dlCawings of
both PC boax-ds, ..... ith an,o.....s to indicate
~ twisted-paix- connections and a space
to check-off each as it is completed.

The fix-st eleven twisted-pairs will con­
nect to tlle remaining 1'0..... of pads On the
Disk Buffer board. ~.ake these COnneC­
tions in the same mannelC as the plCevious
lCibbon cable connections to this board.

Begin ..... ith pair ~l and connect one of its
wilCes to pad 6 and the otJHn to pad 7 on
the board. Observe the colox- of the ..... ix-es
connected to the equivalent pins on the
edge connector. Be sure you connect pin
6 to pad 6, F to F, etc., as .....hen making
the previous connections. Continue the
connections thlCOUgh the fix-st eleven of
the twisted-t=>airs in this manner, check­
ing-off the appropriate space as each is
completed.

Only twisted-paie ~l4 should be scpacatcd
and connected to pads J , H in the same
manner as the first eleven pair.

Make all of the Power Supply boaI'd con­
nectlons as desclCibed, checking-off the
appropriate space as you complete each
of them.

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

There are two other ... ires which should
be installed at tll.is time. Using the
same wire that you used ...hen making the
connections to the tenminal block. cut
One 8 inch length of orange Wlre 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 bet...een pad C on
the PowelC Supply board and pad C on the
buffer board. +5V

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

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

The two wilCes of pair 812 Should be twist­
ed together and both connected to pad D.
Paix- .13 should connect to pad F in the
same manneX-.

Connect the black wilCe between E
in the same manner.

Twisted-paix-s ~lS &
four wix-es (2 each)
connected to pad A.
should be connected
manner.

816 should have all
twisted togethex- and
Pairs U 7 , HS

to pad B in the same

"
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[Z)"4-40NUT

Z) .....~O)(I/ZFLAT HEAD SCREW

"'ICA INSULA TOR

HEATSINK
COMPOUND

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
BRt Ii BR2, in tbe two remaining holes.

\<hen installing these caTPJnents refer
to the dra-..ing alxJve! arrl orient tht3n
so that the markings en the a:npcnents
face a"...ay fran the bracket.

Insert the b.u regulators fran the
tottau side of the board as sho,.,n.
*Use heatsink carpourd. between all
mating surfaces. Be sure to place
the mica insulating washer beboieen
Q1 and the bracket, am the shoulder
wasrer between Q1 and the rrounting
nut.

58

Tighten the rrounting screws fi:anl.y,
being sure not to twist the o::rrp::nent
leads as you do so.

5::>lder all three leads of both can­
pcnents to the board Q'l the silk­
screened side.

Clip off the excess lead lengths;
then rarove the ~ screws used
earlier to IlUlI"It BRl &, BR2. ~e

screo.."B rrounting X2 & 01 shoJ.ld

"""'".



VOLTAGE REGULATOR I!lSTALLATION

()X2o::7805

( ) Q1 TIP 145 (w/Mica insulatinq washer and shoulder
washer)
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DISK OtASSIS ,iSSENBLY

'n1e next step in t.~ assem1y proc:edure is to prepare the
chassis itself for rrounting the ooaras and drive unit.

1) Pefering to the drawing on the follONing pilge,
rrount the cross beiml as shooTl using the exist­
ing SCIeIo."S no..; holdi.rlg it in ?lace. fICt.e the
nurber of roles tor proper p~t.

2) 'I'b make the fol.1ooJi..nq procedures as sL'"Ple as
possible, remve the front panels at this tine.
save the screws used to nount the panel to the
chassis.

J) ~fering to t.t-e s.r.e dr?wing again, llOUnt the
rail as s!'o.n in the 200 role fran t.t-e front.
Be sure to incli.De t."'e 2 spa.oers as s.ln.n on
each side.

'1h3.re are 6 additional S~ to be ar:kled to the chassis
llBl'Cers, 4 on the beam and 2 on the rail.

4) Install ~ '6-]2 x ]/4" :scre'\oo"S onto the rail
in t.~ positicns irdicated on the 5a1re d..~

ing. Insert t.1-..en frm. the bottx:n am ti91ten
them fi..rml.y using '6-32 lockwashers and nuts.

5) Install tI.O 4-40 xl" S~ and two 6-]2 x 1"
screws on the cross beO!:l as srom using the
.in<Jicate:l harttware.

'"
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:-bJnt. t."le bad panel to the rear of t~ dlassis as sl"D..n
belcw using the s.r.e 5Cre\>'S previQ.lSly used to no.mt it.

Be careful not to catdl a"1Y wires re~ the dlassis and
the panel.

BACK PANEL

CHASSIS

~41EXISTING
SCREWS

63



~feri.ng to the drawi.Il; 01 tl'1e follcwing page. llDUnt
the~ Slwly 00ard to the 90° angle ellp and bracket
as sham. Stu:ly the dr~ ca..~fully before beginning.

WIE: 'D1e '4-40 screw stDm are tl'Dse installed earlier.

Be careful rot to disturb the wire connects previously
I'l'Iirl:! be~ this board and the buffer lXlard and cables.
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Refering to the d.."Cl',.rfng on the folJ.o.dng paqe. ll'CUI'I.t the
nisk Buffer board as s.'Dm.

Again, study the drMng carefully before beginning. 'DE
5Cre'WS shc:wl have already bee'l installed.

'the <XI1J1eCtOrs on the three cables !iMuld face to.'ards the
back panel.

"
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I'GI'ER SUPPLY WIRrnG

FEfering to the silk-screen drawi.ng ~
low, and the wiring diagram on the fol­
.1Dwing page, C'Q'U1ect t.~ wires fran the
teDDinal bloc:lt to the pads O'l the~
S\g:Ily ooard.

U;e the folJ.o,dng p..~:

1) All of t.~ ...-:ires stD.1ld be
CQ'II'IeCted to tl'.e pads on the
b:>ard~ 1o"it.J, the~
designation as the tags pl.aoed
en them earlier.

2) Insert all of the wires fran
the silk-scree.ned side of the
tx>a.rd, alrrost to Ute insulatien.
Add sol.OeX"r'"'a1l t.~ s<Ire side
of the board e.xcept wire "3~",

and then cxntinue applying heat
~le p.lShing the wires cD.'n as
far as possible until t.~ insu­
lation just touches the solder.
Be careful not to nelt any insu­
lat.i.al.

3) 'I\Irn the board over to solder
wire • J-G~ and then clip off
all e:.a::ess lead lengths.

01ec:k this wiri..ng over again carefully,
and tMn r3lO\Ie the tags fran the wires.

8•
A•

3G

o

C5 'C8
8CE 8 C E_X2 na QI

8R:[) DI, f2 8;0

Oro 09 08 07 06 O~ 04
68
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~fering to the dran..ng belcw. r:ount the two J7-pin oonnectors
to the back panel as sra.n.

Be s~ to llOUnt the male o::mnect:or into the slot labeled "'ro"
and the fena1.e ccnnector into the slot labeled "FRrn".

en. both connectors pin 1 sh:::lUld be to.Iards the top.

CONNECTOR
(TO CONTROLLER)

(2l-4-40NUT

(2l4LOCKWASHER

"



c

'1he fra'lt sub parel an1 dress panel can roo.; be re-installed.
Use the sarre fQ1r screws previcusly used to rrount the sub
panel to~t it to the chassis as sho..n in the drawi.ng
belaw.

Note ...'hen setting the dress panel in place that it is a
"floating" panel. Installing the po..er switch, as slD.n,
at this tine will talpjrarily mid it in place.

Be sure the lettering 00. the dress panel is facing outwards.

c

•
•

I)II(S' ~.N(l
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Ill) IN.',i"D\I..L.\TTOO

'lren! are three RL-21 Light-Emitt..ing­
Di<rles (LED's) to be installed 01 the
Disk Duffer Board. 'Ihese LED's have
a catllo.1e <md anode lead 01 each of
th3n Iof'l.i.dl I:1USt be pIqleIly oriented
for installation al ~ board. The
diagram bel"'" s~'S you ho..r to deter­
mine the" catmde and arnie leads of an
RIr21. Hold the LED up to a lic;ht and
yo.J. will be able to see inside. '!he
~ of t.~ t'..o elarents inside the

- plastic casing is the cathode,

'!he silk-screen on the board itself
has t.~ cat.hccle le<lds for t.~ three
LED's marXed with a ~K". '!he anc:de
lead is narked with an "A". \-.l1er\ you
install these ~ts, !rake sure that
the catmde leads a...--e in ~ pads marked
~K~ and the an::Ce leads in t.~ pads
marked ~A~ _ Iltproper orientatioo when
installing LEn's may cause penroane.nt
d5nage to the ex:tTp:)Ilent.

As is sJ'v,.,n in the dra-"oi.ng al this page,
trese t.'1ree eatpel"te!\ts also requi.re
special spacing and berrli.ng of the leads
in order to fit the l.nit prq::erly.

1) set the LED's in place ale

at a tiJre and l::ero as neces­
sary to fit as s~n in draw­
ing [31·

2) CUt the leads as sho..'n in [2]
and place the LED's al the
boanl properly.

31 Solder t.~ in place fran the
top side of the boarCl. LED's
are vetY Peat sensitive, so
use a rni.ni.rrun of mat for the
sJ'ortest anount of tiJre p:>ssible
to m'Ike the C'Cl"lI'leCtion.

W1en properly installed, the LED' 5 should
fit as sl"laon in the drawing bel"",.

12

(II SET THE LED IN VUleE
AND MARK "nU; LEADS

SEND
LINE

I
I

[2] ctn' 'I'H£ EXCESS [LAD
TO LEA\Il: 1/8 INCH

[JI SOLDER TO FIT IN PLACE
AS SHOWN



r
'-

c

WARNING: Rl-21 LEO's are very sen­
sitive to heat. Use a
minimum application of
heat with your iron when
making these solder con­
nections.

LED Installation

( ) 03 • RL-21 LEO

( ) 04 " Rl-21 LED

( ) 05 " Rl-21 LED

13



OISK DRIVE UNIT INSTALLATION

The Disk Drive unit itself can now be installed into the ch~ssis.

1) The first step i. this process i' <0 '"' <he chassis 0.
end, with <he front panel facing upwards.

" Remove <he screws e.d rubber feet that were factory in-
stalled on <he bottom of <he drive unit.

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

4) R.efering again to the dt"awing on the following page, in­
sert the two mounting screws ~d lockwashers On the front
side of the drive unit. Do not tighten the screws down
at this time.

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

Tighten all four mounting sct"ews firmly.

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

74
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Insert Page

IALTAIR FLOPPY DISK I

Disk Drive Assenbly Procedure

addendum to page 74, Disk Drive Unit Installation

A. Before beginning the steps listed on page 74, the mounting
holes in the Disk Drive Unit must be threaded. Use the follow·
lng procedure to thread the four mounting holes;

1.

2.

3.

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

Install a 16-32 x 3/4" self tapP1ng screw (MITS part number
100957, Bag 7) into each hole.

Remove the screws and the masking tape.

B. Step 12 of the instructions given on page 74 may be omitted.

C. If difficulty 1s encountered while Installing the Disk
Drive Unit into the chassis, remove the upper right-hand flat
heat screw near the bezel on the Disk Drive Unit. When the
Disk Drive Unit has been properly installed, be sure to put
the flat head screw back into place.

14" MIlS, Inc_
August, 1976
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Insert Page

IALTAIR FLOPPY DISKI

Disk Drive Assembly Manual

Addendum to page 75, Disk Drive Unit Installation

The instructions on pase 75 refer to a 1/2" x 1{4" x 9"
spacer bar (Part No. 101841) that is to be installed in the
rear of the chassis. This spacer bar has been replaced with
either a 1{2" x 1/4" x 1" rectangular spacer or a 5/8" x 1/4"
round spacer. The new spacer will be installed in the right
rear mounting hole ~.

This spacer allows the PERrEC FO-400 to be mounted at
three points on the chassis, instead of four, thus avoiding
the possibility of warping the FO-4DO drive chassis.

The part number for the new spacer 1s 101841.

MITS, Inc:.
August. 1976

".



DISK DRIVE PRELIMINARY CHECK OUT

1. 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.

S) Power indicator should light.

2. If voltmeter is available, measure:

AI +24 volt supply at + end of C3 (wi th respect to chassis) on the power
supply board.

51 +5 volt supply " + end of C6 on the power supply board.

C) -5 vol t supply " point -J- of the power supply board.

All 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
voltaqes are wrong, consult the Theory of Operation and recheck wiring.

3. A) \lith a cllplead, ground to chassis wire 113 (Disk Enable) on the left edqe
of the buffer board (Pin 13 of "To Controller-I.

The Disk Enable light should come on.

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

C) \lith another cup lead, test the mechanical disk functions by groundinQ (on
the left edge of board)

L \lire'8 (Head Load)
The Head Load solenoid should energize as lon~ as 18 is grounded,
and Head Load liQht should turn on.

2. \lire 16 (Step In)
The track stepping motor shaft should turn as point 16 is inter­
mittantly grounded, silllJlating stepping pulses. The head carriage
should move towards the front of the Disk Drive.

3. \lIre H (Step Out)
The track stepping motor Shaft should turn as Point 87 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 jUl1lflers as indicated
on page 11 .

16
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'Ihe~ a..o-e faIr ju;per wi....'"eS to be in­
stalled Q"l t1'e buffer 00ard in order
to select the I/O address.

Use <:.XJI'PlXlent leads sa~ earlier for
t.lti.s purpose. Install thB:I frrnl tre
silk-screened side of the board a."'ld
solder thea Q"l eit.J,er side.

Tb CDlply with MI'IS software, the
board srn.ud be jUfiler1'!d to address
~ unless it is a part of a nul.tiple
disk drive system..

Fefering to the silk-screen drawin<)
on the right, j~ as follOo<lS for
address ~:

'AD ro PAD

1 A

2 B

3 C

4 0

Qrlsult the jurper chart in the 'iMory
of ~ation sectiQ"l if a different
address is desired.

"

0·0'
0,

O·
O·

0,
O'

0,
o

00'
O.



~ d1assis asSE!fN:lly can f"D" be installed into the outer case.

auer to the drawing on the follo-ring page and rrount the chas­
sis as sln.n.

'ro insert it, start by setting it slightly tcMartls the back
of the CdSe, and then sliaa it forward until the screw roles
align. Tighten the four screws fi..noly.

78
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:e-.install the case tq> onto the lI1it as slD.n bel.c:u. [):)
rot, l'lo.E~, use the sane 5aeo"S ...iti.c:h held it originally.

use· '6-32 x I/4~ sc:::rews to secure the case tq:l.

so

'-



c

DISK CONTROLLER ASSEMBLY

The Disk Controller ~lll now be assembled.
This conslsts of ~o PC boards and inter­
connectLng cables.

The Disk Controller CO~~ts dlrectly into
the COt:lput.er calh-chassis and uses two
Slots.

83
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~pacitor Installation

Install the following 31 capacitors according to the instruc­
tions On page S . Note that all capacitors are installed in the
same manner, except for el~trolytic c",pacitors.

CAPACITORS

Cl, .001 of C17, .1 of

C', .001 of C18, .1 of

CJ, 1.0 of C19, .1 of

<4, ." of C20, .1 of

'l.. -----+ I CS, electrolytic, 4.7 uf C21, .1 of

• electrolytic, 10 uf Cll, .1 ofCG,

( I <7, .1 of C23, .1 of

ca, ,) C24, .1 of
.1 uf ('"":

C9, electrolytic, 3S uf C25, .1 of
V

ClO, .1 of C26, .1 of

( I Cll, .1 of C27, .1 of

C12, .1 of C28, .1 of

Cll, .1 of C29, .1 of
.,

~...,

C14, .1 of C30, .1 of
'(,

ClS, .1 of Cll, electrolytic, .:;. uf

C16, .1 of

lB'
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Diode Inst~llation

Install the following tWO diodes according
to the instructions on ~ge 1

DIODES

01, IN914

D2. IN914

90
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Voltage Regulator Installation

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

VOLTAGE REGULATOR

() 7805

92
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Connector Installation

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

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

IO.,.PIN MALE
CONNECTOR

,,,
, ', ', '

~~).\
.'

'I1lere is a row of 20 pads along the
riqht edge of the board labeled cal
through CB20.

Remove 10 twisted-pairs of wire from an
8 inch lenqth of ribbon cable. Leave
L~e two Wires ln each pair twisted to­
gether. Stnp 1/4 lnch of insu.lauon
from both ends of all of the wires and
tin the e:l\posed portions.

Beginninq with L~e bonom p.s.d on the
board, connect one of the tWlsted-palrs
to pads CBl 'CB2. Contlnue 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
thelll (usually black or white).
H.ake the connection to pad cal
with this wire on the 1st palr.
and use this -.dre for the 1st
connection On each of the fol­
lowing pairs as you gO up the
row of 20 pads.

Insert all of L~e wires from L~e sllk­
screened side of the board and solder
them of the bottom side. Clip off any
excess lead lengths .

Refering to the drawinq, install the two
male connectors onto the silk-screened
side of the board. The lonq 90· bent
pins should point towards the right side
of the board. The la-pin connector goes
between ~CCl~ & ~CClO": while the 20-pin
connector goes between "COl" & "C020".

TWo pins should now be eut ofL These
are the 2nd pin fro~ the top on the la­
pin connector, and the 4th from the tOp
on the 20-pin connector. Cut the~ off
right at L~e plastic body of the connec­
tor. (These pins are both labeled wKEY w

On the silk-screen.)

..

Cut the free ends of all 20 wires so
that only 1/8 inch of tinned wire is
exposed beyond the insulation.

JUIllper Installation

use a length of wire to jumper to­
gether the two pads labeled ~n
the bottom edge of the board. Keep
it as short as possible and install
lt on the silk-screened slde.
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" l()-l'lI' fClIIoJIL' conncctor will now be
<lttacl,cd to the free ends of the 20 Wires.

First, connector pins must be ~ttached

to the ends of all of the wires. The
dra""lngS bela...· illustrate a typical con­
nectOr of this type, i!lnd the method for
i!lttachlng =d lnserting the pins.

'Connect a pin to ei!lch of the wires· as
shO'-~, i!lnd solder them ci!lrefully intO
1'lace. DO not use too much solder or
the pins Will not fit into the connector
properly.

NOTE: TWO of the wires, both labeled
Cal7 on the PC board (see silk-screen)
should be attached to a single pin.

PIns 1 " 20 arc I!I<lrked on the I'I;J.stlC
body of the fellld.le connector. Refanng
to the silk-screen, insert the pInS into
the COnnector so that pad CSI goes to
pin I, CS2 to pin 2, CB3 to pin 3, etc.,
being sure not to insert =y Wires into
pin 15 On the connector. A plastic key
should be inserted Into pin 15 of the
fe~le 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 tic-wrap aroll.'ld the WI reS
and also through the holes in the PC
board just to the right of the 20 pads.

'n

IO-PIN MALE
CONNECTOR

IO-PIN F'ElolALE
CONNECTOR
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Controller Board _1 Assembly

Ie Installation

In.st.all the followinq Jl res according to the lnstrl,lctions on ~ge 4

,0.

silk Screen Silk Screen
Designation """"'" Designation "-,

Al 74123 " 74L73

A2 74L02 n 7403

AJ 741.20 " 1-4123.. 74UO " 74L)O

A5 7<1UO 0' 74164

" 9JU6 02 741.00

" 74L74 OJ 74L75

" 74L7J '" 1493

" 7<lUI ( ) 05 74L04

B5 74L04 Oil 14L7S

E' 7412) "' BT'>7

E2 7<1LOO " BT9?

E) 74L73 "' BT'>7

EO 74L04 "' BT'>7

E' 741.00 J) 14L04

n 74123

"
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Insert Page

I ALTAIR FLOPPY DISK I
Disk Controller Assembly Procedure

Addendum to Page 98, IC I~STALLATION

Before i nsta 11 i ng IC "B3" on Di sk Controller Board 11. bend
pin 7 up so that it does not go into the PC Board.

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

~ake a note on the schematic for Disk Controller Board ~l.

sheet 1 of 3, for IC "83", pin 7. The "J" input of the fl.!E.-flop
(pin 7) now connects to pin 9 of IC "B5" on sheet 2 of 3 (HS - not
head status).

I1ITS, Inc.
August, 1976
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Resistor Installation

Install the f0110winq 16 resistors according
to the instruct1.ons on page 5

RESiSTORS

Rl, Orange-Orange-Brown, 1/4 or ll' W.

( ", Red-Reel-Brown, 1/4 or 1/2 101.

'-.......-. RJ, Brown-Black-Or~~ge, 1/4 or 1/2 w.

( , ", Red-Black-Orange, 1/4 or 1/2 W.

( , RS, Brown-Black-Orange, 1/4 or 1/2 W.

( , "" Red-Black-Orange, 1/~ Or 1/2 W.

( ,
't-,

( ,
",..,

( ,

'7, Green-Blue-Red, 1/' Or 1/2 W.

"', Brown-Black-Orange, 1/4 or 1/2 W.

'9, Orange-Oranqe-Brown, 1/4 or 1/2 w.

RlO, Red-Red-Brown, 1/4 or 1/2 w.

Rll, Brown-Black-Orange, 1/4 or 1/2 W.

Rl2, Red-Black-Orange, 1/' 0' 1/2 W.

Rl7, Red-Red-Brown, 1/4 or 1/2 W.

,,., Orange-Orange-Brown, 1/4 or 11' w.

Rl5, Bro.~-Black-Red, 1/' 0' 11' .,.
Rl6, Brown-Black-Red, 1/' 0' 1/2 W.

100
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(;oCll'i1.cltur (n",tollloJtlon

Install the following 25 capacitors according to the
inst~ctions on page &. IOQte that all capacitors
are installed in the same manner, except for electrolyti~

capacitors.

CAPACITORS

el. .1 uf C14, .1 .,
e,. .68 uf C15, .1 .,
e3• . 047 ut C16, .1 .,
C<. .68 uf C17, .1 .,
e5. 430 pf C18, .1 .,
e6. 910 pf C19, .l .,

{<

e7. electrolytic, JJ uf C20, .1 ., IN

"\
ell. .1 ., ., ,

OlI • . 01 uf r

~.«
,.e,. .047 ut I I C22, n

( ) CIO, .1 ., ~2J' .1 ut ) ? /I
--"

Cll, .1 ., I 1 C24, .1 ut

C12, .1 ., C25, electr<:llytlc, (35 .,
U

C13, .1 .,

102



I
00 0

I

!
j Jaa<::> "3

! I I I I I I 0 I ,0 I

r:=1t:J 0 Dr: j
-'. <. ~. ~. <,

Q" <::0
I I I!

• I I I' I I

,1:::l1:J .0E:J C a• .. -. ~ :..., l:=J ::0,
II .'. I.~

L-..J" <3. --- ~ () 0 0 .. ------"
IQOO,r:J

,.----,' <:::> ot.~· ,
L-..-J Q c:> " Q'. 0-'-___ ... to 0

,! I I' I 0, a

.E:JOI:J '0 C'". ' .., '", . "
0"<:::>--- ..---.,. (>



Volt",qe Regul"tor tnst.",llation

Install the voltaqe requlat.or accordinq
to the inst.ructions on p"'qe ]2 .

VOLTAGE REGULATOR

(l Kl, 7805
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JUlll!>c:r Inst... Uation

There are 13 jumper wires to be installed
on board U.

Install these j=per wires by insertin"
them On the silk-screened side of t.'le
board and solderin" the:n on the back
side. Clip off ~~y excess lead len'l'th.

"n!.e dr...win" below shows the proper way
to route the ...ires across the board.
Pay close attention to this as it is
very important. Pads labeled 1 below
route throu"h arrow I, :2 throu"h 2,
and ] through 3.

Cut the wires to the necessary 1en9t.'l,
and. inst...ll thee throu"h the paths as
shO"ll. Use ribbon cable wires for the
two twisted pair connections. The MGND"

pad for the twisted pairs is the one
closest to the other connection stated.

Connect the followin" jumpers:

IND to INO.........
GNO to GNO/
RD to RD_
GOD to GNO"'­

10/05 to "OS./

CO toco/
OCL to OCL

SOS to sos~
sse to sse
+av to +BV­
SY to s'{­
SR to SR .....­

SRI to INTO

'or to VI7 (see Theory of
Operation)

1'--]1"0
.. :j--G"O ~

0.
" .1=

0 "0 0,
1•

.."0 ~D
0 !

"0
0

;o~"O t;.o'3

.. • 2..
"

'0'

'i?-.

<=>
O'

"

.n

co,o
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connector Installation

In~~ll a lO-pin and a 20-pin fe=ale
connector onto the board in the same
manner as described on page 94 for
board '2.

~, The only exception to the ~ve
statement is that pin 6 is to be
cut off instead of pin 4 on the
20-pin connector.

"8
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Due Strip Installation

The drawing below illustrates the method
tor installing the £> bus strips ontO the
board.

Note that the last pin (on the bottom side
of the boardl is to be cut off before 1n­
stalling the strlps.

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

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

110
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Contro11e~ Cable Assembly

Refering to the drawinq on the fo11owinq paqe, and to the p~evious

inst~uctions beginninq on paqe 44, cut a 21 inch lenqt.h of ribbon
cable and prepare it as shown in the drawlllg.

The J1-pin connector shown at the top of the drawing is one of the
FEMALE con~ectors included with your kLt. the 10 , 20 pin connectors
shown at me bottom of the drawing are of the same type as thllt on
page 97 (femllle connectors), and should be llssernbled in the slime man­
ner.

USe the drawing on the following page, and the chart an.d drawing
following after that, to construct this ca=>1e in the Sa::le relative
manner as the previol,lS ribbon cables.
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DISK COtJTROLL£R CABLE

'"

U"

'"

I l1-PHI CQl.'NECIOR

~

I I
RIBBON CABI£ StlF.:Anf

INCH 0; TIN

STRIP liB INCH

0; TIN

1

lO-PIN

113

20-PIN 1
lO-PIN



The drawinq bel~ illustrates ~,e pin positions where each
of the 18 twisted-pairs should he attac;ed to the l1-pln
connector. Be sure to use a female connector. This portion
of the assembly is essentially identical with that shown on
page Sl.

Use the orientation for this process shown on page 113. It
would be adviseable to connect the varied colored wires f~
each pair to pins 1 through 19, and the same colored wire
from each pair to pins 20 throuqh 31.

31-PIN n:~.AU: CONNECTOR

NOT lISEO

'I '\ '\ '\ 'I '\ q '\ 'I '\ '\ ?????? ~Ito \18 11 16 15 " 13 12 11 10 '8 J 5 5 4 J 2 I 0
\ b b b b b b b b b b b 6 6 6 6 6 6 6

11.



The dra~inq on the riqh~ illustrates
the $~e three female connectorS as
sh<Yoln On the bottom of the d,,,,,,in9 on
pillqe 11). The orientation in the
dr".... inq on the l"l_qht is the same as
that on page 113. only rotated 90·
counrerclockwlse.

19:i31~f~=18 &36 <=l

30 =
11 =29 =

10 *-----<1 ~ lJY
28'9i====l_j~~

=
=
=
=
=
~

33
32

J1

1,

2]~1~22 =] =
21 =

20 2 ~;y

*-~=

11 35

J4

=
=
=
=
=
=
=
=
=
=
=
=

2<,si===::t_~~~

15

1413
, 21

26

25

Insert the the plastic keys in the
posltions shown. Be S1,lre to insert
them froPl the opposite side that
the v~res are inserted freD.

Once this is completed, the pins can
be lnserred into the female connectors.
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. oonelating the 37-pin connec­
tor pin numbers on the right ~ith the
~ith the proper ~ires and positions
on the ) female connectors.

'ttle first step in this assembly pro­
cess 15 to attach connector pins to
the ends ot each of the ....ires. Do
thlS in the same manner as described
On page 97. Note that t~ of the
tWlsted-pairs have both of their .... ires
attached to a single connector pin.

* NO WIRE CONNECfION
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CONTROLLER/DRIVE INTERCONNECT CABLE ASSEMBLY

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

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

2) "nle.-e are two grey plastic connector COVerS included in
your kit. Slip one of these over each end of the cable.
with the small holes towanis the eencer of the cable and
the larger holes towards the free ends. Push the c'overs
down at least a foot so that they will nat interfere with
the rest of this procedure.

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

4) Prepare the two remaining J7-pin connectors (one male &

one female) in the same manner as the previous J7-pin
connectors.

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

6) Once all 36 wires have been
connected on both ends, push
the ends of the cable into a
fold as shown on the right,
and secure it with a double
wrap of masking tape. Keep
the fold as close as possible
to the connector itself.

7) Push the connector covers into place over the two con­
nectors. Do not use any of the hardware supplied with
the covers by the factory. Simply mount the J7-pin
connectors to the covers using standard 4-40 X 5/16 ft

screws.
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(

Refer to the preli~inary doc~entation release
included with this manual for a description of
how to hook-up and operate this system.

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

An updated, complete version of this documention
will be sent at II later date, as described in the
tront of this manual.
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DISK CO~7ROLLER CHECK OUT
WITH DISK DRIVE

A) Prel iminary 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).

""'" 1

""'" 2

Note

Address
000,000

1
2,
4
5
6
7

10
11
12
13

Instruction
076 MYI A
000 Disk Drive Addr (0)
323 Output
010 Oisk Enable Channel
076 MYI A
004 Head Load (Bit 0221)
323 Output
011 Disk Control Channel
333 Input ~

011 Sector Position ChannelJr

333 Input '­
010 Disk Status Channel~

""'" ,

Disk Orive 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 liRhts
should indicate as follows:

o~ 0" .11 ". time
01 0" .11 CO, tillle (flashing very fast)
D2 on all the time (flashing my fast)

" flashing very fast
04 flashing slower
05 flashing slowest
06 on-not used
07 on·not used

The flashing lights indicate the inde~/sector circuits are functioning
properl:--.
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:~ote 4

The last tWO instructions, when single stepned through, indicate the
stJtus or the disk on the data lights as follOWS:

0.0 (ENlI'D) - On
01 (~lH) - Off
02 (HS) - Off
D3 :-lot used Off
04 Not used - off
05 (INTE) - On if "INTE" on front panel off
06 (TRACK 0) - Off if disk head on track. .0
07 (NRDA) - Flickering, half on - indicates that

read circuit is OK.

B) Tc~ting Individual Functions

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

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

c Address
000,000

1
2
3
4
5
6
7

Instruction
076 MYI A
000 Disk Drive Addr.
323 Output
010 Disk Enable Chan.
333 Input
377 From Sense SW
323 Output
011 Disk Control Channel

Set Sense Switch 8 up. others down when sin~le stenping this program.
Change switch pattern to control other functions.
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Should you have a p~ble~ with vou~ unit. it can be returned to ~I7S

for repair. If it is still uncer warranty any defective Dart w~11 be

~plaeed f~e of ehar~e. The purchase~ is ~s~sible For all oosta~e.

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

sembled.

If you need to return the unit to us for any reason, remove the top cover

of the drive unit and install the wood block over the door mechanism as

it was shipped to you. Secure cover and pack the unit in a sturdy card-

board container and sur~und it on all sides with a thick layer of pack-

ing material. You can US~ shredded newspaper, f~d plastic or excelsior.

The packed carton should be neatly sealed with gummed tape and tied with a

stout cord. Be sure to tape a letter containing your na~ and address, a

description of the malfunction, a~d the original invoice (if the unit is

still under wa~anty) to the outsi~e 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: KITS, Inc.
2liSO Alamo SE
Albuquerque, liM 87106

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

the machine or if the internal workin~s have been tampered with in any way.
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Reprinted from Co~puter 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 0 of the track it is
positioned on, then reads the data back, stores it in Ge~ry.

then outputs it to an I/O device. It is used for testing all
read/.. rite functions.

WRITE: The number of write data bytes is set by the
position of the sense switches (maximum of
Z2~8)' Write data consists of:

c

1st byte
2nd byte
Srd byte
4th byte

377S (07 "' 1 - sync bit)
data on sense switch
2nd 1

~ 2nd - 2

(

"n"th byte"' 001
last byte"' 000

If sense switch is set to ~~~, program will stop.

READ: The read data is stored in me~ry, starting at
address 001.2368 and consists of the data written
by the write program

OUTPUT: After the read progr~, the data is outputted to a
terminal (Teletype, CRT, etc.). The output program
is set to output on channel I. 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 reM
versed order (as in 987654321 anJ zyxwvu ... ).
This pattern repeats itself and is easily observed
for errors.

8. Stepping Program

This program steps the disk head out 77 times to track ~ and then
in 77 times to track 76. continuously repeating with the ca.puter
in the run -ode.



H,i .. pro~r.~m i5 useful for testing the Jisk: enable, Mil status, track:
o status, and stepping functions of the Jlsk.

While stepping wi.th this program, the head is unloaJed, so i.t may
be run continuously without wear on the read/write head surface.
A squeaking sound caused by the head load mechanism is normal in
this test.

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

For stepping program, disk drive address of 000 is used. To change
disk drive tested, the address is contained in location (001,001).

Looping With Stepping Progr~

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

I) Data in locationll (000,154) and (000,l55) to 037, 001
as indicated.

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

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

The disk head will step out to track 0.

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 ~rite/read sequence again. After this repeats
76 times, the head is stepped out to track: 0, and it
begins again . ••

NOTE:

••
1) For read/lITite program, disk: drive address of

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

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



"

READ/WRITE/OUTPUT PROGRAM

-,----
i r "".. [to; 1--"L;:...~ ,

,-=---~......u.- '.........,,'" .......,,'"'
""." -- '; I. - T, - ....."'. _... ""'Ol - 10_ m ........, , ", " ----', ." I.... -'~"" --,..._, - , -- ""<I_l .- - " -

I
- ........." ~ " ,. '" I..·,,,'· .... I- '" ", ," .........",.. _,
OIL .... ,_"_ ,_,~, .._, ., '" ..-- .. " '" ,_" .r.,.,.. ,....".... ", -...".,

"
,.. ............ "' ,. ., _u_"......,....,.-..,.,.) " ,,' ..... I ...... hI '" ::1 .'-...".. " .. ........... .., ,... ,., "............. ~ .. '" ,. .,on .. _· ......"" " - .............. '" ,. ............_.

"
., ........ " .... _. ..•.."l' '"

,.
.~.,.. _'''-

~ ..
"

.., .." ....... ,... "' '" ., _"_-,.h.,·,,,
'" ..."...."'........, ", '''I ,.........", "
,.. '" :: 1,-, ........" - ....,.. .. '".. , ., _., ...."" ....K ..

,.. ,,' " .....'.,._'
" ::1 ,.- -.,-,.,., ," .., " ....... ,._.,., ,...".. ,. ,. ~ '-'-"'"

' __I

....., .. .- -, '" "" ,II", ..
" - ...,._,.... ," ::I!'· ....• ., '"
"

., .... '_U.. _h' ..-.. -",..., '" '" _.,,, ..,.,...~
"" " ." ".........., - .. '" .................,..' ,.... ,..

" ." .......' ...._1 .. •• ",..... _,..... ,..........
....1·"'" " ;:: I;~ ~:'~::,:~::i.lI

..... " _.... ,
" " uu"·" '" "' """'''.L ....

• ::;1 1....".,..
,. '"I ......., .....,.......... ., ....

"
_.......,... • ,.; _1'7,....._. ,..,

~ " '" ...._"n...'. - " '" ". ....-...............," '" ""'m .'-,-, .. .. ..." ...."......- ... - .......... , ....,....,•,. I"'· ........_. ~ ,..' ,,,............ 'M......- .. "" ,.." .. ...-.- "".. .. '" ,. -" ....,. .." .. ".'" .. >D' 1-." ..........". ,." ,.
~I ,,--

" '"•
=.:1 ,, __1""

-""'" ". ,,, _.,... ,.... -...,.
""""\0«1 .. '" _................... ., ,,' ". Ow,,., •."- " ,. ,.. •• .........." ........ '" h ...... _, ..."" .., - '.._L ....'''..
.,~ • ... .....-.-,....... '" ,. ., .-,., .., ...__.........
'" .. - .... " ............. ,.. ::1 ".....,..• ::1 .. --:-..."._....... ,... """1 '" ~l!''''''''''." • '" ......, .... .,.. ,.

• •• ........_. - ,..-,.,.,,, "
;., .."."..,..".".,.. ..,.,,, .., '" "'I., .. ., '-""'- ..,.. ~ ,.. .,

• =1 t. rot - "" =r~.. ·"L....". · .' ,......r_'.... ,.- " '" ....-........ ,..
'.." .... _._,'_ .........

Ll~__ L

""••f ....' '" .,...... '--...., " "' .... -, .., .,..
" ;'~I ""......" ............... ...... '-.'''' .. '"
" ...... '...,"fl .....



.."' ..,. .......,"'.".. ,,"..
'"
- , .-....

CI If'"

",n .,..'
.m "'"

TO OUTPUT PROGRAM

.........

,.

....,,,-
~·;-I
~

,....... ,

,....,.,,
.............

-••oct '>,.""- _
.. oter ·;,..,. t;; ~.~;.;. ';;.... """"'''"'r -

'...·..'f ,......... ,
~""

..
, .....fIJ ....-.•

.,."'......-

,....,,,

I .... '·'

•

•

,-,s:-:-:.,c:::==-:'-­
~'"
:;:.:~"•• ·'."m· .,.. ,...."..

.. O<AII ,.,. ""... to.....,.,

~,--

,...,. .......,.

f ......

..... '"

-,, ...II".')-·'"'-----~-. ,•

,....,..

•

.......,,. .'"............ .....n><:.-.. .......''''_ .....,.,..... _.-

L_'·""."..:......
•

..-
',", ,
:1'::, '
'.':::
:.'!:



STEPPING PROGRAM

TO on' ,..-
I ..'.·.. ) r-.-':"'·~~I!!'!_':":"'. __•• --- -_ •. -­

r.... "

I." I I""I..,~." ~.~,.. ••• II.....""._. ""''''j "'."" .", """ .,....,....., ,
"" , '" I"",." "" ..H" ..I ." ".. 0'" ~.". ,,-,- "''''' .,. ,,,,,,,,.. , ,,,,,,,,

• ," .",_.., ........ "- " , ... T", __ " ....... ,~...... ,

• '" ..,.""....-,., .. ... I:;':...." ",,., " 'M 1'_"·.... ,,,.. ('j.".. ::1 ,•......,......
""'1«) " '".. •• ." .,., I"" .."- " '" "",.., I""""".. '" ,,,, ) ...,,'~ ...'~, .._.,
"",,, .. '" "'"._, .".,....,.".~ .. )

I .. " ", IJooo
" ...".

~;:
... ,,-.,.. " .. ... "..... "w., ..".... ,,' ''''''''~''-'., " ... ,..,

• '" 00-"., " ., _""'''''.''.l_')

I:: " ::T~"- .. E,." ..... ""..."'_.....,"•," "
,,-

I ..'
.. '" ........"'...-'
" ,. T.. ,

I"' " -:; I~~-;: '.... to, .. ,,,.,,".. ~;ll" ..,...
", .."" " ,..

i
.. ., I'" ... ,- • .. .,~ I'''' "'" ,•

I ".'If " '" .", "",,'~ ...,..,a_'
" ,.. .... , ,...,- ..,'....

""'" " ,..
i......." '"""(""" I: '" e-......- ,",. ...., ., I-" .... ~··

,.
" '. .. ---• ., .. ---~ .. ., ,_ If..,. "' •. .... ::1 .....,...
"•
"•
"

­~."
••

'00'.""

"

''''.'001

..;::; .,.."")--"'----,.

..-,. '"-,
•

( "j"_-l ,.........,
,,,..,, ol..

,."' .. ,1>- ..... ""'",' ,,"' ...
on... ,

"-<>--r ,. ..' ro, .,... ". ''''

-=,""_.'"-- l..---,-_..l---'---~-'~

''''.''''

,._ ...","',"' ..".. "".~
,,,,, ...Il

", "'. "•

'00'.""

"

,,,,,,..,,.r==!~= ..

..
.., -- .,.."").,-,.,----~.. ,

•

1



!\oIlTS. Inc. 1076 ..

PRELIMINARY DOCUMENTATION IIEU:ASE

This manual is Ln~plete in its present fo~.

paqe and ~n addltional sectlon will be sent to
within a short period for insertion.

This
,00

This doc~ent~tion contains the entire assembly and
check-out lnformation for both the disk controller
and drive units. 'I1le 'I1leory of Operauon and some
additional information vill be in the insertation.

~Altair Floppy Disk

drive & controller· hardware documentation



OO-DISC
PARTS LIST
JANUARY, 1976

,
MC 1 ~

,
1 74130 101082 8 ~-40 x 5/16" Screw 100912
2 7805 101074 2 14-40 x .1;" Scre<1 Flat Head 100903
1 7824 101079 2 04-40 x 1" Screw 100913
4 8T97 101040 10 04-40 Nut 100932
1 8198 101045 8 ()4 loek WD:Jher 100941
1 '601 101033 4 ~ Flat Washer 100940, 96-32 x 3/8" Pan Head Screw 100925
BAC 2 6 06-32 x .1;" Pan Head Screw 100918

4 06-32 x 5/B" Pan Head Screw 100916
4 .1m! 12v 100348 2 '6-32 x 3/4" Pan Mead Screw 100935
3 .W So... 100312 4 06-32 x 1" Pan Head Scre\l 100919
3 33m! 50... 100311 4 Q6-32 x 2" Flat Head Screw 100937
1 500mf 1.5- 2Sv 100310 27 06-32 Nut 100933
1 1000::1£ 25v 100365 " 06 lock Washer 100942
1 2200mf 50... 100316 1 16 Cround Lug 101801
1 3300mf 16v 100315 2 .1.5" Spacer 101823, 5/16" Spacer 101829
....C 3 2 .6" Spacer 101824

4 #6 Flat W..her 100943
3 150 ohm .:w 101915 2 06-32 x t" Screw 100917
17 330 ohm ~ 101926
1 lkJ,w 101928 SAC 7
1 39k %w 101967

C 1 1.5 ohro.5~ 101987 1 Hu< SlDk 101775
1 )3 ohm %w 101921 1 Hellt Sink Spacer 5ls" 101835

1 D:lBk Drive Spacer 9" 101841
SAC 4 1 Right Angle Bracket 101717

1 Strain Relief 101719
17 220 ohm %w 101925 1 Terminal Block 101868
3 RUI 100702 30 Insulated Terminau 101803
2 VJ048 100711 1 fuse Holder 101813
2 _04 100718 2 OC)7S Cormector 102114
1 TIP 145 or 146 102820 2 OC)7P Connector 102115
1 IN914 100705 2 DC)7 Connector Cover 101799
1 Mica Wa,her & 1 Toggle Switch SII-IC 101879

~ Bushing 1 44 Pin Edge Conn. &(Key Pin) 101800
15 Ftl8twrap 101660 10)0)7

1 12ft. 18 Pair 1 Heat S ink Grease
Cable 103066 1 PUle 2ASB lAG 101762

2 6ft. 620 Black 103062
3 2ft. 020 Orang. 10)063 MISC:
2 3ft. ~6 White 103060

1 PO\ler Cord 3 Wize 101742
1 Disk Herehaniam (Pertec:) FD-<OO
1 Ca•• 100511
1 Diak Rall 101862
1 Fan Filter 101157
1 Pan and (4) clips lDIB69
1 P-ij)8ij Tr8nsfo~ 102612
1 Programmer Transformer 102609
1 Diakette 101112
1 P(Ner Suppl,y PC Board WOl71
1 Buffer PC Board 100172

1 "ALTAIR DISK" KameplDta lOlB08

1 Serial N\::Iber Sticker lOlls))

~\ A ••v Tl'o_.... nil "'e_.'" .... ~ ....
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PARTS LIST
JAl>'UAR'f. 1976

!lAG 1 ~

, 74100 101080 2 lN914 100705, 74L02 101072 10 86·32 x 3/8" Screw 100925
8 74104 101073 2 06-32 Nut 100933
3 74LI0 101081 2 66 Lock lJlI.her 100942
1 74ISn 101089 4 ~-40 x 3/8" Screw 100908
1 741.20 101039 4 J.14-40 I\'ut 100932
1 741.30 101082 4 64 Loek ......her 100941, 74L73 101084 1 3ft. 18 Pair Callle 103066
2 74IS74 101088 1 37 P1.n Adapter Bracket 101795, 74L75 101075
1 7493 101030 M£..!..
8 74123 101060
1 74164 101091 , BuSll Strips 101805
1 74166 101092 2 1~0 Pin Edge Connector 101864
3 93L16 101093 1 OC37S Connector 102114, 8T97 101040 2 10 Pin Right Ar~le lJafer 101798
1 8T98 101045 2 20 Pin Right Angle lJafer 101788
2 7805 101074 2 10 PiD Connector 101720

2 20 Pin Connector 101789

~
,. Terminal Pinl!l 101723
4 Polarh.ing Key. 101791

37 .lmf 12v 20%. 100348 2 PS8t'olTap 103037
1 Hest Sink Grease

!lAG 3 2 Heat Sink (large) 101870
4 Card Guides 101714

1 4301'£ 500v 51. 100322
1 9l0p£ 500v 51 100356 XISC:
2 .00ld lkv 20t 100328
1 .Olmf 16v 201. 100321 1 Controller PC Board 1 100173
2 .047af 100'1 5t 100332 1 Conl:roller PC 8o&<' 2 100174
2 .ld 100'1 57- 100339
1 .22m! 100'1 5%. 100349
2 .6BJ:>! l00v 51 100343
1 l.Omf 100... 51. 100373
1 4.7cl 16v 100351
1 lOmf 16v 100350
4 33::..£ 1&v 100326

....G 4

4 2200hm %w 5%. 101925
4 3300h::l %w 54 101926, lk ~ 57- 101928
1 5.6k %w" 54 102091
1 6.8k -\w 51. 101931, 10k %w 57- 101932
2 15k %w 51. 102083
1 16k %w 51. 101942
3 20k %w 51 101940
1 39k ly.I 51. 101967
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ADDRESS CONTROL , INDEX/SEctOR CI RCUIT

.-
SHEET 1 or J

.,
~..- ~.

L
, C5'):)"'''

- --- - <ow, Ce. ,
.,.

L• "--c~eGD

.L • '5,1
~

d., ....HT (.

DISK CONTROu.ER BOARD n

"
- --' , 0, "

I
, "-'~•, T



D~~K CONTROLLER BOARD '1 SHEET 2 OF )
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~T~ :, r;:- ~

:v...

.,
....- ~"" r-. r-: .". ' •

L.~
,

"M ~To ,"
L~....,.I

.,~«.:l,.l,..

READ DATA C!RCUIT , OISK STATUS CIRCUIT



DISK CONTROLLER BOARD .1 SHEET 3 OF )
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1
I.I.IT
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'" ~.,

, -'" " ••,
~t· .. !~ ••

~

r=. « " ,

WRITE DATA £; DISK ENABLE C!RCtIITS

~CJ>' lC CD2q".".. )CCD1~""

• .
CDB

)~ eo,
•

~ COG. " COS
•

'C CO,
lC CO)

• CO,'c
)< COl

DISK CQNTROu..ER 301.RD j2

•

St'..I:E't 1 OF' ]
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SH 5

,
SH 5

,

I'~"1 Cl/RRtNT CO.VrROL I
-

""'" ". ( 9,,'" I."~ K "63 "H'" 6.e1K ~ ,./. <00 82.'5:'! I ,. IN473611 ,/" \II ,W
'oW

eR!! (P13 CO. 1!~q5[ OR/YEP I

r:.;. K
R60 r;::J '""'"

QI~,~ an

c~~
a"'" 21< 4 0372N"/2' '" 21<4/25 g"'JIS'-.,. 10'0 ,:;- ""eRIO f ,="
150~~'.'"

~
,w

"0 '--"J3-3

'"(PIS IWI! DllJV{~2N'4125

"B J3-S
SrllNT'" (::IllS

~, + 2'<I-Y '"B'O
'::0"" "H'1z'N

'" '00<
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Reprinted from July, 1976, Computer Notes

Disk Hardware Uotes

By Tem Ours ten

If you are having difficulties with your 88-0COO hardware,
follow these guidelines for servicing:

A. Controller Boards:

1. On Controller Board '1 be sure the bus strips are
sOldered on both the tOp and botto~ of the P.C.
Board. Do not apply pressure to bus strips after
installation.

2. On Controller Board fl jUJ:lper the top end of RI6
(VIIB) to the track from pin 7 of lC F:? (on back of
card). This ties floating inputs of sector logic
high to prevent noise pickup.

3. On Controller Board 'I check the track from Pin 9
of IC HI where it ~oes through the board on the
plated hale. Some P.C. Cards had shorts to the
adjacent track on the back of the card.

~. On Controller Board '1 check tuoper wires to be
sure there are no shorts to bus strins (insulation
on wires melted), and check jumper wires for cor·
rect wiring.

5. On both Board I and 2 check Stab Connector for
shorts on fingers. File at an an~le alon, the
length of the Stab Connector and the bevel edge
of the card to remove any shorts.

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

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

a) Controller Board '1:

FtlXCTIO~ Ie and PIN' POSITIVE PULSE IHDnI ;v......c:

Read Clock ~lask IC 'I Pin 13 0.7us " 1.2us
Read Data Window IC 'I Pin 5 2.6us <0 2.9us
Sector Pulse ~lask IC EI Pin 13 ISOus <0 6000s
Index Pulse Window IC EI Pin 5 J.3ms <0 4.SJ:lS
Read Clear IC FI Pin 13 l30us <0 ISOus
Index Pulse Verification IC FI Pin 5 3.3ms to 4.Sms
Sector True IC f' Pin 13 20us to 40us
Write Data Enable IC f' Pin 5 2SOus to 300us



b) Controller Board '2:

FUXCTIO:-l

Repeat Step O~ (Status)
Step Inhibit (Status)
Head Settle
Step Inhibit 2 (Status)
Trim [rase Start Delay
Trim [rase End Delay
Disk [nable Timer
Uisk Power Disable

IC and PIN'

IC AI Pin 13
ICAIPinS
IC Bl Pin 13
ICBIPinS
IC B2 Pin 13
ICB2PinS
IC B3 Pin 13
ICB3PinS

POSITIVE PULSE WIDm RANr,1

D.4ms to 0.8ms
9.Sms to 11.SILS
3Sl$ to 7011S
17= to 301nS
180us to 225us
420us to S20us
1.Sus to 4.Sus
1.Sus to 4.Sus

•
c) If the measured tioe consunts are not within

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

d) We have had difficulty using National 74123 ICs
for B3 on Board '2. Replace with Signetics or
Tl ICs lf you suspect proble:n5.

,. If you are using 4K Dynamic
using only one wait state.
Notes, pages 9 and 10.

cards. be sure they are
See ~'ay '76 Computer

9. Check the Power Supply to be sure the negative peaks
of the ·8V unregulated do not ~o below .7V.

B. Disk Drive Chassis:

1. On the Buffer Card th= ~OSt co~on difficulty is incorrect wiring
or incorrectly installed ICs.

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

3. If you suspect difficulty with the Disk Drh·e. 00 NOT atte::lpt to
service it. Any work done on the Pertec FD-4DO will void the
warranty. Typical service charges for customer damaged FD-400's
are $100.00.

4. Do not plug the FD·400 connector in baCkwards. Be sure to install
the polari:ing key as the instructions indicate. Plugging in the
connector backwards will destroy 5-10 iCs and will cost at least
SiOO.OO for repair.

S. If you must ship the Pettee FD·400 or complete Disk Drive Unit,
reinstall the Disk door block or strap. Any damage to the mechanise
as a result of incorrect shipping typically costs the customer
SIOO.OO in repair charges.

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

7. If you can't remedy the difficulty, don't try to save postage by
JUSt returning the FO·400 alone. Please return your co~plete 88­
OCDD including Cables, ContrOller Boards, and Drive Chassis. This
will allow us to cheek your system out completely and save you time,
money, and hassle.

•

•



DISK SECTORING ?ROBLE."1

1. Problem caused by switching from one drive to another. If
sector pulses from second drive occur too soon after last
sector pulse from first drive, a false index pulse generated.

2. Problem occurs if first disK sector output is just detecting
index and second disK sector output is just detecting sector ¢

3. solution: Prevent valid index detection for at least 10 ms
after disK enabled.

4. Fix: On controller BOard #1 connect head load status line
to index detect circuit. This prevents valid index from being
detected until 45 ms after head is loaded.

5. correction: For units already assembled - Cut pin 7 of I.C.
B3 and lift up from board. Connect jumper wire from pin 7 of
I.C. B3 to pad labled "SSC" (pin 9 of I.C. 85). For units to
be assembled bend pin 7 of I.C. B3 up before installing in board.
Connect jumper wire as indicated before.


