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| NTRODUCTI ON

The North Star Mcro-Di sk System (MDS-A-D) is a conplete floppy
di sk system for use with S-100 bus conputers. The system

i ncludes the disk controller board, one floppy disk drive, power
regul ati on, cables, software and docunentation. The software is
provi ded on diskette and includes the North Star D sk Operating
System BASI C Language System Monitor, and various utility
prograns. The systemis capable of controlling up to four disk
drives. Each disk drive can record 179, 200 bytes of information
on a diskette, thus allowng up to 716,800 bytes of on-Iline disk
storage. Addition disk drives, AC power supplies, and cabinets
are avail abl e as options

| f you have purchased the MDS-A-D as a kit, then first skimthe
entire manual. Be sure to carefully read the Assenbly

I nformati on section before beginning assenbly. |f you have
purchased the MDS-A-D in assenbled form you may skip the
Assenbl y section.

CAUTI ONS

1. Correct this docunent fromthe errata before doing anything
el se.

2. Do NOT insert or renpove the MDS controller fromthe conputer
while the power is turned on.

3. Do NOT insert or renove ICs fromthe board while the power is
turned on.

4. Be sure the +5 volt and +12 volt regulators are generating the
correct output voltages before installing any IC s.

5. Be careful to insert all I1Cs in correct positions and with
correct orientation.

6. Do NOT connect or disconnect, nmount or disnmount, or in any way
physically tanmper with the disk drive, power board, or disk
controller while the power is turned on.

7. In some cases disk drives may not operate properly if |ocated
in the vicinity of TV's, electric notors, or other sources of
el ectrical noise. This may be renedi ed by noving the disk
drive away fromthe noise source or by installing the disk
drive in a grounded cabi net.
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LI M TED HARDWARE WARRANTY

North Star Conputers, Inc. warrants the el ectrical and nechanica
parts and workmanship of this product to be free of defects for a
period of 90 days from date of purchase. |If such defects occur
North Star Conputers, Inc. will repair the defect at no cost to
the purchaser. This warranty does not extend to defects
resulting frominproper use or assenbly by purchaser, nor does it
cover transportation to the factory. Also, the warranty is
invalid if all instructions included in the acconpanying
docunentation are not carefully followed. Should a unit returned
for warranty repair be deened by North Star Conputers, Inc. to be
defective due to purchaser's action, then a repair charge not to
exceed $30 wi thout purchaser's consent will be assessed. ANY
UNI T OR PART RETURNED FOR WARRANTY REPAI R MUST BE ACCOVPANI ED BY
A COPY OF THE ORI G NAL SALES RECEIPT. This warranty applies to
units located outside the United States of America only if al
costs and arrangenents for transportation of the product to and
fromthe factory are borne entirely by the custonmer. This
warranty is made in lieu of all other warranties, expressed or
inplied, and is limted to the repair or replacenment of the
product. No warranty, expressed or inplied, is extended
concerning the conpl eteness, correctness, or suitability of the
North Star equi pnment for any particular application. There are
no warranties which extend beyond those expressly stated herein.

QUT OF WARRANTY REPAI R

I f your unit is out of warranty and you are unsuccessful at

di agnosing or repairing the problem out-of-warranty service my
be arranged with a | ocal dealer or other experienced | ocal
conputer technician. Alternatively, any North Star products may
be shipped PREPAID to the North Star address with a clear witten
description of the problem Include as many details as possible
about the problem and about your system configuration. Your unit
will be returned, C.OD., within 30 days after receipt by North
Star. Qut-of-warranty repair service is billed at the rate of
$25.00 per hour. If you wish to place an upper limt on the
anount of tinme spent on your unit, nmention this in the witten
descri ption.
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LI M TED SOFTWARE WARRANTY

The followng limted warranty applies to the North Star BASIC,
DCS, and Monitor software delivered on diskette with the M CRO

DI SK SYSTEM North Star Conputers, Inc. warrants that a copy
identical to the North Star master copy of the software has been
stored on the custoner diskette and can be read into conputer RAM
menory fromthe diskette by a properly functioning M CRO DI SK
SYSTEM using the North Star disk controller board and di sk drive.
| f a diskette mal functions and has not been damaged by the
custoner and has not been operated wth the wite-protect tab
removed, then North Star will re-wite or replace the diskette if
it is returned to North Star, prepaid, wthin three nonths from
dat e of purchase.

No warranty, expressed or inplied, is extended concerning the
conpl eteness, correctness, or suitability of the North Star
software for any particular application. No consequential danage
resulting fromuse of the software is covered - this warranty is
l[imted to the repair or replacenent of the original software

di skette.

SOFTWARE LI CENSE

The North Star BASIC, DOS and Monitor are copyrighted products of
North Star Conmputers, Inc., and are included with the M CRO DI SK
SYSTEM under the follow ng |icense agreenent:

The software may be used in conjunction with the North Star

HORI ZON conputer and North Star M CRO DI SK SYSTEM only. The
custoner may neke copies of the software for conveni ence of use,
as long as the North Star copyright notice is preserved with each
copy. This license specifically prohibits use of the software in
a conput er which does NOT include a North Star disk controller
board, and al so specifically prohibits nodification of the
software for use in any system which does not contain a North
Star disk controller board.
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PARTS LI ST

MDS SYSTEM PARTS

RPRRRRRRER

di sk drive, Shugart SA-400 (doubl e density)
ri bbon cabl e assenbly di skette, blank

di skette, pre-recorded with software

MDS- D Manual System Software Manua

CEM Manua

MDS controller with parts

MDS power board with parts

North Star nane plate

MDS CONTROLLER PARTS

N ©

NNNNEFENORPEFEPENROIER

printed circuit board (5" x 10"), MDS-AD
20-pin | C sockets

16-pin | C sockets

14-pin | C sockets

34-pin cabl e connect or header
crystal, 4VHz

1N4148 di odes

+5 volt regulators, 7805 or 340T-5
+12 volt regulator, 78L12

heat sinks, 6107B-14

6- 32x3/ 8" machi ne screws

#6 | ock washers

6-32 nuts

Integrated Circuits

RPRPRARPWWORNRREEN

74LS00 3 74L.S241

74L.S02 2 74LS253

74LS08 1 74LS257

74LS11 1 74LS273

74LS14 3 74LS393

74L.S32 1 7404

74LS74 3 7438

74LS109 1 74166 or 74LS166

7415123 1 DVWE PROM (6301 or 82S129)
74LS138 1 DSEL PROM (6301 or 82S129)
74LS161 1 DPGM PROM (6309)

74L.S164 1 LF356

74LS174 1 3080
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Capacitors

2. 2uf
6. 8uf
. 01uf
. 022uf
. 047uf
33pf
100pf
200pf
330pf
470pf
47 pf
100pf
330pf
8 . 047uf

RPRPRPRRPNNRRPRPWORNDD

Resi stors

3.3
150
330

ohm
ohm
ohm
470 ohm
680 ohm
2. 2K ohm
3. 3K ohm
3. 6K ohm

RPRPWNAROIER

t ant al um
t ant al um

di pped
di pped
di pped
di pped
di pped
di pped
di pped
di pped

10%

10%

10%
5%
5%
5%
1%
5%

nyl ar
nyl ar
nyl ar
m ca
m ca
m ca
m ca
m ca

ceranmi c di sk 20%
cerani c di sk 20%
cerani c di sk 20%
cerani ¢ di sk

1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%

MDS PONER BOARD PARTS

regul
heat
heat
machi

power
power

PNONRPRRPARPOWOWRRRENE

spacers

capacitors,
regul at or,
at or,

power

ground wire with term nal s,

North Star

5. 6K
6. 19K
6. 8K
9. 1K
10K
13K
15K
27K

WRRREPNEFP®

printed circuit board, 3" x 5 1/2"
. 047uf ceram c disc

7805 or 340T-5

7812 or

si nk, 6030B

sink, 690-3-B

ne screws, 6-32x3/8"

| ock washers nuts,

pl ug

pl ug pins

4 conduct or

strain relief bushing
machi ne screws, 6-32x1 1/4"

LM340-12

6- 32

cable, 5 feet

5 feet

M CRO- DI SK System

ohm
ohm
ohm
ohm
ohm
ohm
ohm
ohm

1/ 4W 5%
1/ 4W 1%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%
1/ 4W 5%



POAER SUPPLY PARTS (MDS-PS opti on)

115v cord set, 8 feet

strain relief bushing

fuse hol der

fuse, 1A 3AG

toggl e switch

t ransf or nmer

capaci tor, 3000uf 30wdc electrolytic
capaci tor, 3500uf 15wdc electrolytic
rectifier diodes, MB0O1 3A

rectifier diodes, 1N4002 1A

machi ne screws, 6-32x3/8"

| ock washers

nuts, 6-32

hook-up wre

RPRNNNMNNRRRRRRRR

CABI NET PARTS ( MDS- CAB opti on)

cabi net base plate
cabi net cover
stick-on rubber feet
6-32 flat head screws
6- 32 pan head screws

[ N
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ASSEMBLY | NFORMATI ON

Read conpl etely through each section before beginning the first
instruction step of that section. Performall operations in the
sequence indicated. Read each step entirely, including any notes
t hat acconpany the step, before beginning to follow the step.

WORK AREA AND TOCLS

Start with a clean, well-lit and well-ventilated area to work.
The area should be | arge enough to accommodate the kit, tools,
parts and assenbly instructions. Suggested tools are:
screwdrivers, needl e-nose pliers, diagonal cutters, soldering
iron, solder, and masking tape. A nunber of tests will require
using a VOM (ohmmeter-voltneter), or VIVM Al so highly
desirabl e, but not necessary, are an ICinserter, a screw hol ding
screwdriver, an oscilloscope or |ogic probe, and an extender
card. [Note that if you do not have an oscill oscope or logic
probe, wavefornms can be detected by one of the procedures
described in Appendi x 1.]

SOLDERI NG TI PS

For best results use a 15 to 25 watt soldering iron or an iron
wth a tenperature controlled tip (approximtely 700 degrees).
The tip should be no wider than the sol der pads on the printed
circuit board. Use only a fine gauge rosin core solder (60/40 or
63/37). Do NOT use acid core solder as this can severely damage
a printed circuit board. When soldering, keep the soldering iron
tip on the pad just |Iong enough for the solder to conpletely
flow |If the solder does not draw up the wire then nore sol der
IS required. Do not use so much solder that it overflows the
pad. If a solidified joint is not shiny, it may be a cold sol der
joint and should be renelted. The soldering iron tip should be
cl eaned frequently by w ping on a danp sponge

When you have conpl eted assenbly of a board, inspect it for
uni nt ended sol der connections or "bridges", as well as unsol dered
| eads. After soldering, it is recomrended that the rosin flux be
removed fromthe board using flux renmover, FREON or paint-thinner
type solvent. This wll make | ooking for soldering problens
easier and give the board a clean, professional appearance.

| C SOCKET | NSTALLATI ON

Integrated circuit (1 C) sockets can be installed by first
inserting theminto the printed circuit board, then placing

anot her flat board over the |IC sockets and finally turning over
this sandw ch. Be sure that each I C socket is inserted into the
proper location and is oriented such that pin 1 of the socket
corresponds to the pin 1 indication on the PC board | ayout

|l egend. (Refer to figure 1A to identify pin 1 on an |IC socket.)
To solder I C sockets, first solder just two opposite corner pins
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for all sockets being installed. Then renelt the corner
connections while applying pressure down on the board. This wll
renove any gaps that may be present between the |IC sockets and
the PC board. Finally, solder the remaining pins of the IC
socket s.

Dl P HEADER SCLDERI NG

When maki ng junper connections on a DI P header, solder resistor
or capacitor |ead snippings between the | eads to be connect ed.
When nore than two pins are to be connected together, bend a
single wire so that it routes to each pin, and sol der each pin

once. Insert the header in an I C socket on a PC board to hold it
during soldering. Overheating the pins with the soldering iron
will nelt the plastic of the header. |If there are nmultiple

junpers on a header, nake sure that no unintended connections are
made by carefully routing the junpers, or by insulating each
junper with some wire insulation

RESI STOR AND CAPACI TOR | NSTALLATI ON

To install resistors or capacitors, first make right angl e bends
inthe leads to fit the PC board hol e spaci ng. (Some capacitor
| eads are already appropriately spaced and do not need bending.)
Then insert the |l eads as far as possible through the correct
holes in the PC board and spread the |eads slightly on the sol der
side of the board to keep the part in place. After a group of
resistors or capacitors has been inserted, then solder the |eads
on the sol der side of the board and snip off the excess | eads as
close to the board as possible. Use caution to avoid eye injury
fromflying bits of wire. Save the lead clippings for |ater use
i n maki ng junper connecti ons.

PRI NTED Cl RCUI T BOARD LAYQUT

The white conponent |ayout legend is printed on the conponent
side of a printed circuit (PC) board. All conponents are
inserted fromthis side (conmponent side) and sol dered on the

ot her side (solder side). Locations on the PC board are
identified by two-character codes as nmarked on the board: a digit
followed by a letter indicating the horizontal and vertical
coordinates of the location. Note that in North Star kits, ICs
can be found on styrene pads in positions corresponding to their
i ntended | ocati ons on the PC board.

Pin nunbering conventions for the S-100 edge pins are as foll ows:
When view ng the conponent side of the board (with the pin edge
facing down), pins 1,2, ..., 50 range fromleft to right. Wen
view ng the sol der side of the board, pins 100, 99, ..., 51 range
fromleft to right.
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— 2} + 100 MFD ¢} ; =
positive (+) lead E

Axial Lead

Electrolytic Capacitor Pin 1 —% Resistor Network

- 29) Be —

Resistor

&

) Regulator (To-220)

L.
0047

~~ +
~ VR .
~~
T ist d ~~ W /T
ransistor an —
Regulator (To-92)
5
positive
{ L (+) lead
Quick-Connect Ceramic Dipped Dipped Dipped
Lug Disc Mylar Mica Tantalum
Capacitor Capacitor Capacitor Capacitor
Pin 1—» Pin 1 —»
Integrated Circuit (IC) 1C Socket D IP Header
Fi gure 1A I dentification and orientation of conponents.
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ASSEMBLY AND CHECK- OQUT | NSTRUCTI ONS

DI SK CONTROLLER BOARD ASSEMBLY

For best results, assenble the MDS controller using the foll ow ng
st eps.

NOTE: Orient the board with the edge connector toward you and the
heat sink area to the left. The conponent side is now up. The
silk screen legend is on the conponent side.

Al. Insert and solder the 5 twenty-pin |IC sockets at |ocations
7D, 8D, 9D, 10D, and 11D, follow ng the procedure given in
the Assenbly information section. Oient themas shown on
the layout legend with pin 1 toward the bottom of the board.

A2. Simlarly, install the 19 sixteen-pin |IC sockets. A
si xteen-pin socket is used at location 1A. The two 8-pin
ICs will be inserted into this socket.

A3. Simlarly, install the 22 fourteen-pin |IC sockets.
A4. Install and solder the 31 resistors in the |ocations

i ndi cated by the |layout |egend. The hole spacing for al
the resistors is .5 inches.

Resi st or Locati on Val ue Size Col or - code
() RL 1A 3. 3K 1/ 4W org-org-red
() R 1B 3.3 1/ 4W org-org-gld
() R3 1C 5. 6K 1/ 4W grn-blu-red
() R4 2A 27K 1/ 4W red-vi o-org
() RS 2A 27K 1/ 4W red-vio-org
() R6 2B 5. 6K 1/ 4W grn-blu-red
() R7 2B 6. 19K 1% 1/ 4W bl u- brn-wht - brn
() R8 2B 2. 2K 1/ 4W red-red-red
() RO 3A 470 1/ 4W yel -vi o-brn
( ) R1O 3A 470 1/ 4W yel -vi o-brn
() R11 3A 5. 6K 1/ 4W grn-blu-red
() RL2 3A 3. 6K 1/ 4W org-blu-red
() R13 3C 6. 8K 1/ 4W bl u-gry-red
() R4 3C 13K 1/ 4W brn-org-org
() R15 3C 27K 1/ 4W red-vio-org
() R16 3C 6. 8K 1/ 4W bl u-gry-red
() R17 4B 2. 2K 1/ 4W red-red-red
() R18 14A 680 1/ 4W bl u-gry-brn
() R19 4A 9. 1K 1/ 4W wht - brn-r ed
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R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31

NN N NN NN AN NN NN
N N N N N N N N N N N N

A5.

S5A
5D
6A
6D
6D
14A
11B
12A
12A
12A
14A
14A

10K

470

15K

2.2
330
680
470
150
150
150
150
150

K

1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W
1/ 4W

brn- bl k-org
yel -vi o-brn
brn-grn-org
red-red-red
org-org-brn
bl u-gry-brn
yel -vi o-brn
brn-grn-brn
brn-grn-brn
brn-grn-brn
brn-grn-brn
brn-grn-brn

| egend.

tantal um capacitors is marked with a

pi cof ar ad
330pf.

S.

Thus,

223 means 22000pf or
These al ternate capacitor

I nsert and sol der the 39 capacitors in the | ocations
i ndi cated by the | ayout
have pol arity,
lead in the hole marked with a plus sign.
nn
capacitors are marked with a 3-digit code consisting of two
significant digits followed by a power of ten expressed in

The tantal um capacitors
so care nust be taken to insert the positive
| ead of

The "+"
sign. Sone

.022uf and 331 neans

mar ki ngs are gi ven bel ow

in parentheses after the capacitor val ue.

Capaci tor

NN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN NN
N N N N N N N N N N N N N N N N N N N N N

The remai ni ng ei ghteen .047uf (473) or

Cl 1C
C2 1C
3 1D
4 1D
C5 2D
Co6 2D
Cr 1A
C8 1B
C9 1C
C10 2A
Cl1 2B
Cl2 3C
C13 3B
Cl4 3B
C15 4A
Cl6 S5A
C17 5D
C18 5D
C19 11B
C20 15A
Cc21 15A

Locati on Val ue

. 8uf

. 2uf

. 8uf

. 2uf

. 2uf

. 2uf

. 047uf (473)
100pf (101)
. 022uf (223)
. 01uf (103)

NNNONOD

330pf (331) 1%

200pf (201)
. 022uf (223)
200pf (201)
330pf (331)
. 022uf (223)
330pf (331)
47 pf

100pf (101)
33pf

470pf (471)

1%

Type

tantal um

tantal um

tantal um

tantal um

tantal um

tantal um

di pped nyl ar
di pped m ca
di pped nyl ar
di pped nyl ar
di pped m ca
di pped m ca
di pped nyl ar
di pped m ca
di pped m ca
di pped nyl ar
ceram c disc
ceram c disc
ceram c disc
di pped m ca
di pped m ca

. 05uf (503) ceramc

di sc capacitors are bypass capacitors and shoul d be

installed in the oval
asterisks (*) on the | ayout

North Star

capaci tor

| ocations marked with
| egend.

M CRO- DI SK System
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AG.

A7.

A8.

A9.

Al10.

All.

13

| nsert and sol der the six 1N4148 di odes at the |ocations

i ndi cated by the layout | egend. The end of the di ode marked
wth a band is the cathode end and nust be oriented as

i ndi cated by the |ayout | egend.

D ode Locati on Orientation
() 1 2A band at |eft
() 2 2A band at right
() 3 2A band at |eft
() 4 2A band at right
() 5 3A band at right
() 6 3A band at |eft

I nsert and sol der the crystal at l|ocation 15A. Bend the

| eads so that the crystal will lie parallel with the PC
board. In addition to the two | eads, the crystal should be
strapped to the PC board with a piece of clipped resistor

| ead which is soldered to the pads on either side of the
crystal case.

Install each of the two heat sinks and 5 volt regul ators at
| ocations 1C and 1D as follows. Bend down the three |eads
of the 5 volt regulator 90 degrees such that the | eads go
into the correct holes while the machi ne screw holes |ine
up. Don't solder yet. Fasten the heat sink and regul ator
to the PC board so that the foll ow ng sequence results from
bottomto top: 6-32 machi ne screw head, PC board, heat sink
regul ator, | ock washer, and nut. Tighten the machi ne screw
Now sol der the regul ator | eads.

NOTE: Heat sink grease may be used though it is not
generally needed. Don't tighten the machine screw too tight
or you wll crack the PC board.

Install the 12 volt 78L12 regulator (@) near |ocation 2B,
orienting the regulator so that the flat edge corresponds to
the flat edge indicated on the |ayout | egend.

Install and sol der the 34-pin cable connector header (J2).
The right angle bent pins should be inserted into the PC
board and the straight ends of the pins should be pointing
toward the top of the board.

Be sure the power is off and then plug the disk controller
board into a conmputer notherboard 100-pin connector. Be
sure the board is properly seated in the connector and then
turn on the power. Check for +5 volts 5% (with reference
to the ground plane at the left of the board) at 3C pin 16
and at 2C pin 14. Check for +12 volts 5% at | ocation 1A at
pin 7 of both the LF356 and the 3080. Turn off the power
and renmove the disk controller fromthe notherboard.
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If the voltage was not as indicated, |ocate and correct the

pr obl em bef ore goi ng on.

Al2. Install all 47 I1Cs in the locations indicated on the |ayout

| egend, being careful to use the correct orientation. All

the IC s should be oriented the sane way, with pin 1 toward
the bottom Be sure all the IC pins are in the socket holes

and not bent under the |IC and not outside the socket.
The three PROM s can be identified as foll ows:

Layout Nane Locati on PROM Type PROM Label

DWE 4C 6301 DVE- y
DSEL 11C 6301 DSEL- xx-y
DPGM 9D 6309 DPGWI xx-y

xx=two high order HEX digits of PROM origin
y =version nunber

The | abels on the PROMs for the standard version #l are
DWE- 1, DSEL-E8-1, and DPGW ES- 1.

The di sk controller board is now conpletely assenbl ed. Proceed
to the checkout section.

North Star M CRO DI SK System
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DI SK CONTROLLER BOARD CHECKOUT

The foll ow ng checkout procedure may be followed for a newy
assenbl ed board. However, you nmay choose to skip this section
and return to it later only if the disk controller does not seem
to be operating correctly. It can al so be used to di agnose
probl ens in previously operational boards.

The following terns are used in specifying expected test results:

GN\D ground, 0 volts DC

LOW | ogic zero, O-.7 volts, normally about 3 volts

H GH | ogic one, 2.4-5.0 volts, normally about 3 volts
+5V +5 volts from power supply

AC Signal with pul ses (as opposed to DC signal)

Wen referring to the nane of a signal fromthe schematic
drawings, if the signal is identified with a bar over its nane,
then the nane is followed by a slash (e.g., STORE/) in the
checkout instructions. Wen describing an AC pul se, the notation
(tWP) refers to a positive or negative pulse with a wwdth of W
appearing with a period of P. For exanple, a positive pulse with
wi dt h 120 nanoseconds appearing every 25 m croseconds woul d be
descri bed as (+120ns, 25us). See Appendix 1 for details on howto
detect pul se signals.

If an oscilloscope will be used to test the board, a "scope
ground” may be installed by soldering a "bridge" of junper wire
bet ween the two PC board hol es that connect edge connector pins
50 and 100 near location 12D. Note that either of the two

regul ator machi ne screws can al so be used for ground test points.

Cl. Wth the conputer power off, install only the disk
controller board into the notherboard. The ribbon cable
shoul d not be plugged into the board. Turn on the conputer
power and check for the follow ng counter timng signals:

SI GNAL LOCATI ON DESCRI PTI ON

LCLK/ 15B pin 12 AC, 500ns square wave

CC3 6A pin 11 AC, 8.us square wave

CC6 7A pin 11 AC, 128us square wave (sone jitter)
CC11 8A pin 11 AC, 2ms square wave (sone jitter)
CC15 9A pin 11 AC, 32ns square wave (sone jitter)
SC03 15C pin 6 AC, 500nms square wave

(no nane) 3D pin 6 AC, 8.3sec square wave

AUTO OFF 6C pin 11 AC, (+8. 3sec, 33sec)

If the signals are not as listed then refer to the schematic
drawi ngs and trace backwards to |ocate and correct the
probl em

15 North Star M CRO DI SK System



This step will check the wite circuitry while sinulating
witing a continuous stream of "one" data bits in single-
density format during each sector.

Wth the conputer power off, renove the disk controller
board from the not herboard.

Renove the 74LS74 IC from |l ocation 14C, bend out pin 9 of
the I1C, and re-insert the ICso that pin 9 is outside the IC
socket and does not meke contact wth I C socket pin 9.

Connect a clip | ead between cable connector (J2) pin 22 and
pin 30. If you do not have a clip lead, then tack solder a
wire on the sol der side of the board between 13B pin 11 and
14B pin 13.

Wth the conputer power off, install only the disk
controll er board and the processor board into the
not her board, and turn the conputer power on.

Check the follow ng signals while the conputer reset switch
is depressed (hold depressed with a rubber band):

S| GNAL LOCATI ON DESCRI PTI ON

WR- SHI FT/ 6D pin 6 AC, (-1lus, 8us)

LD WER/ 6D pin 15 AC, (-8us, 64us)

W57 6D pin 13 AC, (-96us,32ns) i.e. nostly H &H
WE10 5C pin 15 AC, (-96us,32ns) i.e. nostly H H
VWRI TE PULSE 3C pin 5 AC, (+approx 600-700ns, 4us)

(no nane) 3C pin 13 AC, (+approx 600-700ns, 4us)

READ DATA 14B pin 12 AC, (+approx 600-700ns, 4us)

If the signals are not as listed then refer to the schematic
drawi ngs and trace backwards to |ocate and correct the
pr obl em

This step will check the read circuitry while sinmulating
readi ng a continuous stream of zero" data bits in double-
density format during each sector. |If using a scope to
check signals then sync positive on 13C pin 9. Continue
with the sane setup as in the previous step. Check the
follow ng signals while the conputer reset switch is

depr essed.

SI GNAL LOCATI ON DESCRI PTI ON

W NDOW 13C pin 9 "W ndow', HI GH for 96us then LOW
RE 5B pin 6 "Read Enabl e", goes H GH at 480us
ACQUI RE 5A pin 5 "Acqui re Phase of Incom ng Signal”

goes HGH with RE, duration 100-150US
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2BR 3B pin 5 "Twce Bit Rate", low at first,
4us square wave for 32us when RE
goes high, then 2us square wave

DDI 4B pin 9 "Doubl e-Density Indicator”
goes HI GH at 512us (32us after RE)

HE 14C pin 5 "Hunt Enabl e", goes H GH at 7361
OP- AMP- QUTPUT Right side R7 See Note 1

DATA W NDOW 4D pin 5 May begin either H GH or LOW
then 4us square waves after RE

W ND DATA 4D pin 9 "Separated Data", always LOW
except for 8 extrenely narrow
pul ses at ACQUI RE

RSn 15D pins 3,4,5, "Read Shift Register"”, al
6,10,11,12,13 out puts al ways LOW

BODY 5B pin 10 LOW

Note 1: Initializes during WNDOW by slewing to +5 volts.
During ACQU RE there will be nunmerous small positive or
negati ve pul ses (phase corrections). A DC shift of |ess
than 1/4 volt nay be seen at this tinme if a frequency

adj ustment occurs. The resultant DC | evel should renain
until the next W NDOW pul se.

Note 2: The two op-anp (LF356) inputs are very high
i npedance and attenpts to obseve themw th a scope probe
can affect the circuit.

Renove the 74LS74 IC at location 4D, lift pin 9 of the IC,
and re-insert the IC so that pin 9 is not inserted in the IC
socket. Then, with the conputer reset switch depressed,
check of the follow ng signals:

SI GNAL LOCATI ON DESCRI PTI ON
BODY 5B pin 10 Goes HI GH at 780us
SYNC BLANK 1B pin 13 pul se begi nning at 780us,

durati on 38-50us

Re-insert the pins of the IC s at locations 14C and 4D into
their 1C sockets and renove the clip | ead or soldered wre.
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DI SK CONTROLLER CONFI GURATI ON OPTI ONS

There are a nunmber of configuration options possible on the disk
controller board that are specified by wiring junpers on the
boar d. The desired configuration should be wired according to
the follow ng instructions before the board is used.

Jl .

J2.

J3.

Si gnal grounding. The "G' junper below |ocation 5D is
normal ly installed when the disk controller is used in a
HORI ZON. If the disk controller is to be used in another S
100 bus conputer, then the "G' junper should be installed
only if notherboard signal 61 is used as ground in that
conput er.

Automatic notor off tinme. Normally, the disk drive notor(s)
will turn off 9.6 seconds after the last disk activity. |If
sonme other automatic notor off delay tine is desired, then
cut the traces at location 2D on the solder side of the PC
board which connect "C' to"2" and "D' to "1". Then connect
two junper wires on the conponent side of the PC board at

| ocation 2D according to the follow ng table:

DELAY TI ME FI RST JUVMPER SECOND JUMPER
3.2 seconds Connect Dto 3 Connect 2 to 1
6.4 seconds Connect Cto 3 Connect 2 to 1
9.6 seconds Connect Cto 2 Connect Dto 1

12. 8 seconds Connect B to 3 Connect 2 to 1

16. 0 seconds Connect B to 2 Connect Dto 1

19. 2 seconds Connect B to 2 Connect Cto 1

25. 6 seconds Connect Ato 3 Connect 2 to 1

28. 8 seconds Connect Ato 2 Connect Dto 1

32.0 seconds Connect Ato 2 Connect Cto 1

38. 4 seconds Connect Ato 2 Connect Bto 1

Sector Interrupts. The disk controller board includes |ogic
whi ch can cause an interrupt to occur each tine a sector
hole is detected on a diskette. Normally, this logic is

di sabled. To use this logic, first cut the two traces on

t he sol der side of the PC board near |ocations 10A and 10B
whi ch connect "J" to "K' and "J" to "E'". Second, instal

two junper wires on the conponent side of the PC board which
connect "S" to "J" and "I" to "K'. Third, cut the trace

bel ow | ocation 4D on the sol der side of the PC board that
connects "Y' to "PH". Finally, connect a junper wre bel ow
| ocation 4D on the conponent side of the PC board which
connects "Y' to the position for the type of interrupt
desired (VIO/ to PINT/).

North Star M CRO DI SK System 18



POWNER BOARD ASSEMBLY

There are three different ways that power can be supplied to a
di sk drive

a. Direct hook-up of regulated +5 volts and +12 volts from an
exi sting regul ated power supply. 1In this case the Power PC
Board is not used and the four conductor power cable should be
connected directly to the power plug as described in Step P5
bel ow. The other end of the power cable should be connected
to the correspondi ng outputs of the regulating power supply.

b. Use the Power PC Board to regul ate power from an existing
unregul ated power supply. The power supply in many S-100 bus

conputers i s adequate to power one drive. In general, conpare
the disk drive power requirenents against the power supply
capacity to see if this arrangenment will work. [If this power

supply option is to be used then follow the instructions bel ow

starting at Step PLl.

c. Use the North Star Power Supply option (MDS-PS). The MDS-PS
provi des all the conponents needed to obtain unregul ated power
froma 115 volt ACline. Sonme of the MDS-PS parts nount on

t he Power PC Board and sone nount to the North Star M CRO DI SK

Cabi net (MDS-CAB) or elsewhere. If this option is used then

start assenbly with Step P1 bel ow and continue with the MS-PS

assenbly instructions.

The silk screen I egend is on the conponent side of the PC board
and the traces are on the sol der side.

P1. Bolt the +5 volt regulator (7805 or 340T-5) to the inside of
the 6030B heat sink so that the foll ow ng sequence results
fromtop to bottom 6-32 machi ne screw head, heat sink
regul ator, lock washer, and nut. The regulator |eads should
point the sanme direction as the heat sink nounting posts.

P2. Install the regul ator heat sink assenbly by inserting the
regul ator leads in the correct holes on the PC board and
then inserting the heat sink nounting posts in their holes.
Now sol der the regul ator | eads.

P3. Mount the 690-3-B heat sink and 7812 regul ator on the PC
board such that the follow ng sequence results fromback to
front: 6-32 machi ne screw heads, PC board, heat sink
regul ator, | ock washers, and nuts. Two nmachine screws are
required to nmount this regulator. Position the heat sink as
far fromthe edges of the PC board as possible and tighten
the machi ne screws. Now solder the two regul ator | eads.

P4. Assenble the disk drive power plug as follows. Cut off a

pi ece of 4-conductor power cable about 3 inches | ong.
Renove an inch of outer insulation fromboth ends. Strip
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P5.

P6.

P7.

P8.

P9.

P10.

1/ 4" of insulation fromeach conductor at both ends. Crinp
and sol der each of the four power plug pins to the
conductors at one end. Finally, insert the power plug pins
into the power plug using the follow ng color code: +5 red,
+12 green, ground black and white. Consult the CEM Manua
(sections 4.2 and 5.2) for the correct connection of power
to the power pins.

Sol der the four wires comng fromthe power plug assenbly to
the appropriately | abeled holes in the |ower righthand
corner of the PC board. The wires should be inserted into
the PC board fromthe sol der side.

NOTE: If the MDS-PS power supply is being used, then skip
the remai ning steps of these instructions and go on to the
MDS- PS assenbly instructions.

I nsert and sol der the two .047uf ceram c disc capacitors (C
and C2) in the locations indicated by the silk screen
| egend.

The four wires in the 5-foot power cable should be sol dered
to the four holes in the PC board | abel ed Ov, Ov, 9v, and
18v using the follow ng color code: Ov black, Ov white, 9v
red, 18v green. The wires should be inserted into the PC
board fromthe conponent side.

Connect the other end of the power cable to the appropriate
power points of the unregul ated power supply. For exanple,
the cable can be connected to the power pins at an unused
position on the S-100 bus not her board. Consult the
conputer reference manual for details. |If the disk drive is
to be nounted inside a cabinet (MDS-CAB) then the power
cabl e shoul d be passed through a hole in the back of the
cabinet and clanped with the provided strain relief bushing
bef ore connection to the power source.

Check that the regulators are providing +5 and +12 volts at
t he proper power plug pins before plugging into the drive.

Mount the PC board to the back of the disk drive as foll ows.
Carefully renmove the two nachine screws that nount the smal
PC board to the back of the disk drive. Save the quick-
connect lug and | ock washer fromthe righthand (as seen from
t he back of the disk drive) nounting screw. Use the two

| onger machi ne screws and spacers so that the foll ow ng
sequence results fromback to front: nmachine screw head,
(qui ck-connect lug and | ock washer on righthand screw only),
power PC board, |onger spacer, small PC board, shorter
spacer, and disk drive. The power PC board should be
mounted with the solder side toward the drive.

The power board is now ready to use.
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PONER SUPPLY (MDS-PS) ASSEMBLY

Start by assenbling the power PC board followi ng steps P1-P5. If
the board is being converted fromuse wth an unregul ated power
source then the two capacitors C and C2 should be renobved. Then
continue with the foll ow ng steps.

S1. Install and solder the two electrolytic capacitors in the
| ocations indicated by the silk screen | egend. Be sure to
nmount both capacitors with the "+" side oriented as
i ndi cated by the silk screen | egend.

C3 3500uf 15wdc el ectrolytic
4 3000uf 30wdc el ectrolytic

S2. Install and solder the four rectifier diodes. Be sure to
observe the correct polarity when installing the diodes.
The banded end of the diode should correspond to the band
mar ked on the silk screen | egend.

DI MR501 3 Anp D3 1N4002 1 Anp
D2 MR501 3 Amp D4 1N4002 1 Anp

S3. Mount the transforner to the cabinet using the 6-32x1/2"
machi ne screws such that the foll ow ng sequence results from
bottomto top: machine screw head, cabinet, transforner,
| ock washer, and nut. The transformer should be nounted so
that the solder lugs are away fromthe back of the cabinet.

S4. Mount the toggle switch in the |eftnost hole (I ooking from
t he back) and the fuse holder in the center hole.

S5. Pass the power cord through the rightnost hole and sol der
one wire to lug 1 of the transfornmer. Cut the other wire
shorter and solder it to the lug at the end of the fuse
holder. C anp the power cord to the cabi net using the
strain relief bushing.

S6. Sol der the other lug of the fuse holder to one of the |ugs
of the toggle swtch with a short piece of hook-up wire and
then sol der the other lug of the toggle switch to lug 2 of
t he transforner.

S7. Put the fuse in the fuse hol der

S8. Solder the three transfornmer lugs 3, 4, and 5 to the three
correspondi ng holes in the power PC board marked T3, T4, and
T5 on the silk screen | egend using short pieces of hook-up
wire (about 4 or 5 inches).

Now foll ow steps P9 and P10 of the Power Board assenbly
instructions and the power supply is ready to use.
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SYSTEM | NTEGRATI ON

Bef ore using the M CRO DI SK System the vari ous conponents nust be
configured and integrated with each ot her.

Dl SK DRI VE CONFI GURATI ON

If the MDS is to be configured with only one disk drive connected
to the controller then no nodification is required for the disk
drive. If two or nore drives are to be connected to the
controller then the follow ng disk drive nodifications nust be
made.

A. The drive nunber for each drive nmust beprogranmed using the
program shunt (|l ocated at 1F) on the disk drive PC board. The
three nmetal straps |abeled DS1, DS2, and DS3 specify whet her
the drive is to beselected as drive 1, 2, or 3, respectively.
For each drive, the strap for the desired drive nunber shoul d
remai n connected and the other two straps shoul d be
di sconnected. Straps can be di sconnected by renoving the
strap assenbly fromthe DI P socket, spreading one of the pins
for each undesired strap and plugging the assenbly back in
such that the spread pins are not inserted into the DIP
socket. Each drive should be progranmed with a different
drive nunber. One drive nust be nunber one.

To programa drive as drive nunber 4 performthe foll ow ng
instructions on the printed circuit board nounted on top of
the disk drive

a. Solder a junper wire between pin 34 of edge connector Jl
and |l ocation 1F pin 6. Take great care to connect the wire
to the very tip of pin 34 so that the ribbon cable
connector can slip as far onto J1 as possible.

b. Sol der a junper wre between 1F pin 9 and 1F pin 11

c. The uninarked strap |ocation between MX and IVH at | ocation
1F is now the location for progranmng drive 4. It can be
| abel ed DS4. This strap should renmain connected and the
straps | abel ed DS1, DS2, and DS3 shoul d be di sconnect ed.
Be sure to disconnect this strap if the drive is ever
programmed to be drive 1, 2, or 3.

B. The strap | abeled MX on the program shunt (located at 1F)
shoul d be di sconnected. Be sure that the HL strap
(alternatively | abeled HS on sone drives) remai ns connected
and the MH strap remai ns di sconnect ed.

C. Five pull-up resistors for line term nation on the ribbon
cable are located in the DIP resistor network at position 1E
Only the drive plugged in at the end of the ribbon cable
shoul d have this resistor package plugged in. Additional
drives plugged in along the cable should have the resistor
package renoved.
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CABLE CONFI GURATI ON

The ri bbon cabl e assenbly supplied with the M CRO DI SK Systemi s
ready to use with a one disk drive system An additional edge
connector plug nust be crinped onto the cable for each additional
drive. Be sure these plugs point the sane way as the edge
connector plug at the end of the cable (and opposite to the
controller board plug). The spacing of the plugs along the

ri bbon cabl e should be determ ned by the desired physical
positions of the disk drives. Wth the conponent side of the
controller board facing toward you, the ribbon cable should be
pl ugged into the controller board so that the cabl e extends away
fromyou. |If the cable cones out of the plug toward you then it
is plugged in wong. The drive edge connector plugs should be
pl ugged into position J1 on the drive PC board such that the
cabl e going toward the cohtroller runs out the bottom of the
plug. The cable should be routed around the power PC board by
making a flat 90 degree fold in the cable immedi ately bel ow the
edge connector plug. Sone tape should be applied to the back of
the power PC board to avoid abrasion of the ribbon cable where it
touches the power PC board. Note that cable connection shown in
the disk drive OEM manual is NOT correct for use in a North Star
system

CHASSI S GROUNDI NG

For nost reliable operation of the integrated disk system a
ground wire nust be installed between the chassis of the disk
drive and the chassis of the conputer. A separate ground wire
shoul d be installed for each disk drive in the system To
install a chassis ground wire, first fasten the supplied quick-
connect |ug under a convenient screw on the conputer chassis.
Then slip one end of the supplied wire onto the qui ck-connect |ug
on the power regulation board nmounting screw, and slip the other
end of the wire onto the quick-connect |lug on the conputer
chassi s.

NAVE PLATE MOUNTI NG
For each disk drive in the system peel the paper fromthe back

of the North Star nane plate and carefully nount the nane plate
to the face plate of the disk drive.
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CABI NET ASSEMBLY

Bl . Mount the four rubber stick-on feet at the four corners of
the bottom of the cabinet.

B2. Munt the disk drive (with power PC board if required) to
the bottom plate of the cabinet with the four flat head
screws. The MDS-PS power supply, if used, should be nounted
into the cabinet.

B3. The cabinet cover is secured with six pan head 6-32 screws,
two on each side and two in the back.

| NTEGRATED SYSTEM CHECK- OQUT

Al l conponents of the system should now be assenbled and ready to
be put together. This section describes a step-by-step process
for integrating the MDS into your conputer in a way designed to

| ocalize any remaining problens. It is assuned that the
conputer, into which the MDS is being installed, is already a
wor ki ng system

1. Turn off the conputer power if it is on and plug the MDS
controller board into the conputer and connect the ribbon
cabl e between the controller and disk drives as directed in
t he Cabl e Configuration section.

2. Turn on the power and check that the power at the drive
power plug is +5 and +12 at the proper pins. Then turn off
t he power and plug the power plug into connector J2 on the
drive PC board.

3. Turn on the conputer and di sk drive power and cause the
conputer to junp to address E800(hex). (This address w ||
be different if PROVM wth non-standard origins are used.)
The di sk drive nmotor(s) should turn on and the red |ight on
drive #1 should turn on. Then the notor(s) should turn off
after twelve seconds. |If the notor(s) do start, then
proceed to step 4. Oherwse, if the notor(s) do not turn
on, continue this step as foll ows:

A. Monentarily ground 12B pin 1 on the disk controller board by
briefly shorting it to 12B pin 7 with a piece of junper
wire. |If this causes the notor(s) to turn on, then renove
the wire and proceed to part B. |If this does not cause the
nmotor(s) to turn on, then check the signal cable connections
to the disk drive and the power Cable connections to the
disk drive. After |locating and correcting the problem
start over at the beginning of step I3.

B. Monentarily ground 13C pin 1 (MOTOR SET/) by briefly
shorting it to 13C pin 8 with a piece of junper wire. The
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motor (s) should turn on and then stay on for about 12
seconds after the wire is renoved. |If this succeeds, then
proceed to part C. |If this does not succeed, then the
problemis with the counting circuitry on the disk
controller board. After locating and correcting the
problem start over at step |3.

Turn off the power and renmpove the 74LS00 from | ocation 7C.
Renmove the 74LS08 from |l ocation 6C, bend pin 3 of the I C out
and re-install the ICinto the I C socket so that pin 3 of
the | C does not make contact with pin 3 of the |IC socket.
Turn on the conputer and drive power and ground not herboard
pin 43 by shorting it to notherboard pin 50 with a piece of
junper wire. This experinent wll force the processor to
sequentially read every address in the conputer
continuously, including the nenory-mapped 1/O | ocations that
turn on the drive notor(s) and select the drive(s). |If the
motor (s) do not turn on, then trace backwards fromthe
signal MOTOR-SET/ to find out why. After correcting the
probl em renove the junper, replace the IC s correctly at

| ocations 7C and 6C, and start over at the begi nning of step
13. If the nmotor(s) do cone on, that indicates that the
probl em detected at the beginning of this step is a result
of the PROM program not being correctly executed. Renove
the junper, replace the ICs, and proceed to part D

Turn of f the power and ground PRDY on the disk controller
board by shorting 11A pin 7 to 11A pin 8. Turn on the
conputer and drive power and cause the conputer to junp to
address E800(hex). The processor shoul d pause just before
executing the first instruction of the disk controller PROM
The S-100 address bus AO- Al5 (see the ZPB Manual Appendi x 2
for bus pin nunbers) should contain EB00H. (If this is not
so, then the problemis el sewhere in the conputer.) The S
100 data input bus D10-D17 (see the ZPB Manual Appendi x 2
for pin nunbers) should contain OEH which is the first
instruction byte in the PROM If this is not so, then the
problemis with the PROMcircuitry on the disk controller
board. Trace backwards through this logic to isolate the
problem After correcting the problem renove the junper
and start over at the beginning of step |I3.

Next, turn on the conputer and drive power wth no diskette
in drive #1 and cause the conputer to junp to address
E800(hex). Approximtely 12 seconds after the drive is

sel ected and the heads |oad, the notor(s) will turn off.
The processor at this point should be executing a tight JMP
| oop indicating a read error. This can be checked by
observing a continuous stream of pul ses on the disk
controller board at 7C pin 6 (Dl -GATH ).

Check that the head carriage guide on the disk drive is in
the spiral groove on the stepper nmotor cam Sonetines the
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qui de i s knocked out of the groove during shipnent.

Turn on the conmputer and drive power, and insert the
software diskette supplied with the systeminto drive #1,
referring to the GETTI NG STARTED Section of the North Star
System Sof t ware Manual for correct diskette handling
procedures. Close the drive door and cause the conputer to
junp to address E800(hex). One of two results will occur:

The bootstrap programgoes into the error |oop as descri bed
in step 14. This indicates trouble reading the data from
the di skette which can nean a bad di skette, a faulty disk
drive, or faulty read circuitry on the disk controller.
Return to the disk controller checkout instructions.

The bootstrap program successfully | oads the DCS. Si nce the
di skette supplied with the disk systemis unpersonali zed,
communi cation with your console termnal will not occur.

I nstead the DOS w |l be executing a tight JMP | oop but no
pul ses will be observed on the D -GATE signal.

Congratul ations! Your Mcro Disk Systemis now conpletely
assenbl ed and operational. The next step is to refer to the
GETTI NG STARTED section of the North Star System Software
Manual for conplete details of how to use the software
provided with the Mcro D sk System
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THEORY OF OPERATI ON

The North Star double density disk controller is an integrated
conbi nati on of hardware and software. It is designed
specifically to provide a conpl ete, conpact and econom cal disk
drive controller for use with S-100 bus 8080 or Z80 m croconputer
syst ens.

DI SK CONTRCLLER HARDWARE

The disk controller is inplenented from nmedi umand small scale
TTL integrated circuits and PROM nenory. The entire controller
fits on a single 5"xI0" printed circuit card. The bl ock di agram
bel ow shows the general organization of the disk controller.

1. Address Buffers and Select Logic: The sixteen address/lines
are received wth Schmtt trigger buffers (7D, 10D, 11D) to
provi de noise imunity. The high order 8 address lines are
used by the board select PROM (DSEL, 11C) to determne if the
current nenory reference is addressing the controller board.
The | ow order eight address lines are used to present data and
control information to the controller. The use of these bits
is determined by the outputs of the board sel ect PROV

2. Wite Data Logic: |If the controller is issued a wite data
byte conmand, then the | ow order eight address bits are
interpreted as data to wite and are gated into the wite
shift register (6D). The controller will place the CPUin a
wait state until the shift register is enpty and only then
clock the new data into the shift register. Wite encoding
(using the FM encodi ng nethod for single density and MFM
encodi ng for double density) and wite preconpensation are
controlled by the logic at |ocations 3C, 4C, and part of 5C

3. Read Data Logic: Raw data fromthe disk is standardi zed by
t he RD- DAT-OS one-shot (5A). A phase-locked |oop (1A, 4A, and
parts of 1B, 5A) tracks the trailing edge of RD-DAT-OS to
mat ch the frequency of the incomng data. The phase-| ocked
| oop output drives the data separator (3B, 4D), whose outputs,
DATA- W NDOW ( cl ock) and W ND- DATA (data), go to the 8-bit read
data shift register (15D). The read shift register outputs
are multiplexed with the status bits (12D, 13D, 14D) and
driven onto the Data Input Bus (10D, 11D). When reading, if
doubl e density data is encountered, the double density
i ndicator (DDl,4B) is set.
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On Board PROM  Bootstrap software (8080/Z80 machi ne code) is
stored in an on-board 256 byte bipolar PROM (DPGVM 9D). This
PROM provi des 256 bytes of nenory: The 8 | ow order address
bits address the PROV. The PROM outputs are driven onto the
Data | nput Bus.

Clock Grcuit: The crystal clock oscillator circuit (15B)
provides 2 MHz clock signals to synchroni ze the control
circuitry.

Read, Wite Control: A read or wite command sequence begi ns
with detection of a sector pulse. A read or wite comand
nmust be issued to the controller within a 96 m crosecond

w ndow after the sector pulse. Witing data begins at the end
of the window. The controller wites one byte of zeros.
Witing of subsequent data is controlled by the software.
Witing stops at the next sector pulse. Reading starts sone
tinme after the end of the window so as to be in the mddle of
the witten preanble. First the phase-locked |oop is turned
on by the read enable (RE) signal. After locking to the
incomng data is achieved, the hunt enable (HE) signal causes
the search for a sync character to begin. Wen a sync
character is detected, the controller enters "body" node.

Wen the software issues a read command to the controller, the
controller wll put the CPU into the wait state until the read
shift register is full.

Command Decode Logic: Wien a command address is issued to the
controller, the 8 | ow order address bits are decoded to
determ ne which command actions are to be taken and which di sk
controls should be perfornmed. See the Disk Controller
Commands section for details.

Counters: The counters (6A, 7A, 3A, 9A) provide sector timng
and read and wite command sequencing. The counter (15C) is
the sector position counter. The output of 9A provi des pseudo
sector pulses in case no diskette is inserted in the drive or
the drive notor is off and also allows discrimnation between
sector holes and the index hole. The counter (3D) is used to
count disk revolutions to determ ne when to cause automatic
motor off. The counters (9B) are used to count bits while
reading or witing data.
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DI SK CONTROLLER COMVANDS

Commands to the disk controller are specified by nenory read
references to addresses within a particular 1K byte bl ock of the
CPU address space. The 1K byte bl ock subdivides into four cases.
In all cases the high order 6 address bits (BS) are used to
determne if the 1K block is addressed (i.e. the controller board
is selected). The next two bits determ ne the subcase and the
use of the low order eight bits depends on the subcase.

CASE 0O PROM addr essi ng

i BS | O | PROM Addr ess

Read byte fromthe 256 bytes of PROM

CASE 1 Wite byte of data

| BS | 1 | ‘Data |

Wite a byte of data to the disk. Wait if the wite shift
register is not enpty. The |low order 8 bits specify the
byte to be witten.

CASE 2 Controller Oders

i BS | 2 |DDSS|DP|ST| DS |

Load 8-bit order register fromlow order 8 address bits.

DD Controls density on wite DD=1 for double density and
DD=0 for single density.

SS Specifies the side of a doubl e-sided diskette. The
bottom side (and only side of a single-sided diskette)
is selected when SS=0. The second (top) side is
sel ected when SS=1.
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DP  has shared use. During stepping operations, DP=0
specifies a step out and DP=1 specifies a step in.
During wite operations, wite proconpensation is
invoked if and only if DP=1.

ST controls the level of the head step signal to the disk
drives.

DS is the drive select field, encoded as foll ows

O=no drive sel ected
1=drive 1 selected
2=drive 2 selected
4=drive 3 selected
8=drive 4 selected

CASE 3 Control |l er COmMmands

Performa disk controller command. The conmands are
specified by the 8 | ow order address bits.

DM The DM field controls what gets nultiplexed onto the
DI bus during the command.

| =A- st at us
2=B- st at us
3=C-status
4=Read data (may enter wait state)

CC Command code.

0=no operation

| =reset sector flag

2=di sarm i nt errupt

3=arminterrupt

4=set body (di agnosti c)

5=turn on drive notors

6=begin wite

7=reset controller, de-select drives, stop notor
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DI SK CONTROLLER STATUS BYTES

There are three status bytes that can be read on the Data | nput

Bus.

SF

= 3

RE
BD

SP

SC
T0

A- St at us

| SF| IX| DD| MO| W | RE| SP| BD |

B- st at us

| SEF| IX| DD| MO| WR| SP| W | TO |

C- St at us

| SE| IX| DD| M| - sc

Sector Flag: set when sector hole detected, reset by
sof t war e.

I ndex Detect: true if index hole detected during previous
sector.

Doubl e Density Indicator: true if data being read is encoded
i n doubl e density.

Motor On: true while notor(s) are on.

W ndow. true during 96-m crosecond wi ndow at begi nni ng of
sector.

Read Enabl e: true while phase-|ocked |oop is enabl ed.
Body: set when sync character is detected.

Wite: true during valid wite operation.

Spare: reserved for future use.

Wite Protect: true while the diskette installed in the
selected drive is wite protected.

Sector Counter: indicates the current sector position.

Track 0: true if selected drive is at sector zero.
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DI SK CONTROLLER DATA FORVAT

Each di skette has 35 tracks of data. Each track is divided into
10 sectors. The rotational position of the beginning of the
sectors is marked by sector holes in the diskette. Each sector
is recorded using the followwng format. This information is
recorded starting about 96 m croseconds after the sector hole is
det ect ed.

Single Density Doubl e Density

Zer 0s 16 bytes 32 bytes
Sync Char ( FB) 1 byte 2 bytes
Dat a 256 bytes 512 bytes
Check Char 1 byte 1 byte
274 bytes 547 bytes

The check character is conputed iteratively by setting it to zero
and then exclusive OR ng each successive data byte value with the
current value of the check character and left cycling the result.

DI SK CONTRCLLER SOFTWARE

The basic | owlevel function of the controller is to transfer or
verify 256/512 byte bl ocks of data between a specified area on
the disk and a specified area of the RAM The al gorithm now
descri bed acconplishes this task. The programto performthis
algorithmresides in the DOS

1. Start the drive notor(s) if they were off and wait for the
nmotor to get up to speed.

2. If the disk drive to be selected is different than the drive
currently selected or if the notor(s) were off then select the
new drive, and wait for the index detect signal to be true.

3. If the disk read/wite heads are not already at the desired
track then the heads nmust be stepped in or out to the correct
track. First set the step direction flip-flop and determ ne
t he nunmber of tracks to step. Each step is acconplished by
the foll owi ng sequence:

a. set the step flip-flop
b. reset the step flip-flop
c. wait the specified track stepping tine.

4. Wait until the next sector pulse and test if the disk is at

the desired sector position by reading Cstatus. |[If not then
repeat this step.

33 North Star M CRO DI SK System



5. If the data wite case then

a. issue begin wite command.

b. wait for W status bit to be fal se.

c. wite 15/31 bytes of zeros.

d. wite the sync character(s) (FB hex).

e. wite 256/512 bytes of data from RAM whil e conputing the
cyclic check character

f. wite the check character

g. if nore blocks to wite on the sane track then wait until
t he next sector pulse and repeat fromstep a, otherw se
done.

6. |If read case then

a. wait for REto be true and test DD status bit.

b. wait for sync character detection (i.e. body node). Report
an error if the sync character is not detected.

c. read 256/512 data bytes into RAM while conmputing the check
character.

d. read the check character and conpare with the conputed
check character. Report an error if they are not equal.

e. if there are nore blocks to read on the sanme track then
wait until the next sector pulse and repeat fromstep a,
ot herw se done.

7. If verify case then all is the sane as the read case except
that in step ¢ data bytes read fromthe di sk should be
conpared for equality with the data in RAM Report an error
i f correspondi ng bytes do not conpare.

DI SK CONTRCOLLER | NTERRUPTS

The software provided with the disk systemis not interrupt
driven. The controller can cause an interrupt on any one of the
interrupt lines on the S-100 bus by connecting the appropriate
junper at the lower |left corner of the controller board. An
interrupt will be generated at every sector pulse while the
interrupt is armed in the controller. See the COVMANDS section
for details of interrupt arm ng and di sarm ng. Special user
generated, interrupt driven software can be witten which uses
the controller sector pulse interrupt.

Before the low |l evel controller software is called, interrupts
shoul d be disabled. |If an interrupt occurs during data

transm ssion then data can be lost as a result of excessive del ay
in the interrupt routine.
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APPENDI X 1. PULSE SI GNAL DETECTI ON

Sonme steps in the checkout procedure will require test equi pnent
capabl e of distinguishing a signal containing pulses froma DC
signal. Any one of the followng will suffice.

1. Use of an oscilloscope is best since he shape and frequency
of the pul ses can al so be determ ned.

2. Use a logic probe that detects pul ses.

3. If the board is being assenbled for use with a HORI ZON, then
use a counter on the notherboard to divide the frequencies
down to the audio range and then play the result through a hi-
fi anplifier. To do this, renmove the 74LS161 at | ocation 7D
on the notherboard. Then attach the test probe wire to junper
2D pin 16 (this is the input to the divider). Next, take the
out put of the divider at junper 10A pin 11 and connect to the
AUX input of the audio anplifier. Finally, connect the AUX
i nput ground on the audio anplifier to signal ground on the
not herboard. This arrangenent will divide high frequency
signals by 4096 and thus put the resulting signal in the
audi bl e range. Thus a 4 Mz signal will be heard as a tone
one octave higher than a 2MH#z signal .

4. Construct the "probe" shown in figure IC on a piece of
cardboard or perf-board. This probe converts high frequency
signals to DC signals. The voltage of the resulting DC signal
will be proportional to the duty factor of the tested wave

form
E—— — — - :
PROBE o ! M —{ , N : > t
| L2k 470pF INGI48 ' <<:::;7
| I
| DA !
IN4148 # Dc
ZPB SIGNAL ! | T &2k ‘ [ voLT
srowne L ' ' METER
—_— — - = —= — . _

Figure 1C. A C. SIGNAL DETECTOR
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ERRATA AND ADDI TlI ONAL | NFORNMATI ON
For: MDS-A-D Manual, Revision 1

JANUARY 16, 1979

1. Interrupts during disk data transfer operations wll cause
data transfer errors. In systens where interrupts can occur,
interrupts can be prevented by disabling interrupts before
accessing the disk. The POLY-88 Systemw th the 4.0 nonitor
causes continuous real tine clock interrupts. This interrupt
shoul d be di sconnected on the processor board to all ow proper
operation of the disk system

2. Applying power to a disk drive while the ribbon cable is
incorrectly plugged in to either the drive or the controller
can DO DAMAGE TO THE DISK DRIVE! It is very inportant that
the instructions given in the CABLE CONFI GURATI ON secti on of
the M CRO DI SK SYSTEM docunent be followed very carefully. DO
NOT follow the instructions in the OEM manual and DO NOT use
the pin 1 mark on the ribbon cable plug as an indication of
how t he plug shoul d be connect ed.

3. Sone MDS-A-D conputer kits include non-standard LF356 |Cs.
The standard North Star part is a plastic, dual in-line
package. The non-standard part is in a round netal-can
package. Looking down on the top of the round package, the
| ead which is lined up with the extending netal tab
corresponds to pin 8 of the dual-inline IC. To the left of
this lead is lead #l, to the right of lead #8 is | ead #7.
Lead nunbering proceeds counterclockwise fromlead # . Note
that the substitution part is exactly equivalent to the
regular dual in-line IC, with the exception of packagi ng and
| ead placenent. The | eads should be cut and formed so that
the part will plug into the bottomhalf of the |IC socket at
| ocation 1A

Pl ease send us feedback about the M CRO DI SK System
docunentation. We would |ike to make this docunentation as
conplete, clear, and accurate as possible.



