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INTRODUCTION 

The S1'1C903 Storue '1odule controller Provides a. !~cost hi9h-reliabli tY interface for the Interd~ta 
line of ainicomPuters to the CDC Storue f'todule series of hi9h-Performu.c:e disk drives arid tr:j ot,tier 
rives •i th coaPa.tible interfaces, including drives Mde bv Afapex, Memorex, ISS, a.nd Ca.lComP. Catl ez 
are Provided for the Ua.t-Cible interfa.ce onlY, ilthou9h oPera.tion with non-flat c:able dr·ives i:: 
Possible with a. custoaer-suPPli ed cable. This mtnud conta.i ns the inf or-ma. ti on ner.:essarY f"cir a Pro~r~rri
aer to use the Sl'IC903 ProPer Iv. In a.ddi ti on, it ..rovi des a. contP 1 ete descri Pti on of' the harduJ.:tX-~ 
characteristics of the controller. 

LI"ITED WARRANTY 

The Sl'IC903 disk controller is covered bY a. one-vetr fu;torY ~rrint'i of' Pirts a.nd labor 1.1.1Mr; rHifrs 
are Perfonr.ed a. t Mi niComPuter Technology, Pa.Io Al to, California. Customer- PiYZ freight t•) Min~Com
Puter Technology; return surface freiilht is Pa.id bv l'liniComPuter Techraolo9Y. Ciiblez a.re wa.rru;ted fc•r 
90 daYs. This wa.rra.ntv is li1i ted to reP la.ce11ent or rePa.ir of def'ec:tive control I ers r.•r r.:abl ~s. 

SERVICE 

Controllers not under ~rrant"f, or di.lflaged or a.ltered, wi 11 be ref'aired or reP laced at the C•F·tl on of 
f'fi niComPuter Technol on for a. fla. t ch~ge ot' S250. Controllers so di.m.ued or· a.I tered a.s to bY .i 1Jdi1ea 
bv f'fi niComPuter Technol ogv irreP•ra.ble wi 11 be returned or, at the c•Jstomer-' s oPti on, reF·lai::ed with a 
new controller board a.t the current lowest Published OEfll ..rice. 
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BOARD INSTALLATION AND CABLING 

The Sl'1C903 controller IN.'1' be installed in a.nY slot. It 11ust be below its sehe:tor chlinn@l i::~r·j if oi 

selectr)r chinnel is bein9 used; if • selector· channel is installed but is ncrt used ti....- thi:: SMC90:3, the 
SMC'?03 ma.Y be insti.l led bel <*' the selector chinnel ONLY if the ~o devices (:3MC90:3 a.rid SELCH) 11ji 11 not 
be used simul taneouslY. The 5"C903 uses RACKO/TACKO on the connector 1 side of the ba.ckF· l.ani:: onl Y. 

RACKO/TACKO on connector· 0 <left side u viewed from the back) 11ust be JumPered c•n the ba.c:kFlarie. 

The multiPlex cable (wide bO-conductor> runs from SMC903 J2 to drive 0. More mtJltiF·le;-:: catili:.:: r•Jn 
from drive 0 to drive 1 if it is Present. The last drive in the cha.in must have a. termir1a.tor rn::.ti.l
led. 

There is a seP.srate ra.dia.l cible for· each drive, runnint from Sf'IC'?03 . ..10-._11 tei dr-i 1 .. 1es O .. u11j 1. Th~ 
dr·ive should be AC rounded to the CPU chissi s a.s sPeciti ed in the drive rNn•Jal. ImPr•)Pet·· 9rc11Jndi n~ 
C:in cause erra. tic oPerati on, and ca.n be ca.used bY too llinY round connecti •)OS i.S 1.tJel l i.S too hm. 

Sl1C903 JJMPER OPT I ON8 

DEVICE ADD~:ESS (DA>: Connect the selection Ii nes 2-200 to either VCC or GND. Liner •:=onnei::t.e·j to VCC 
a.re added together to f orrra the a.ddr·ess, which is altui.YS even. The defi.ult address is X ·"7(i· .. a.rid t,he 
default etch connections must be cut before !Di.kins net.tt connections. The Preferred method eif ,i1.11T1F·ering 
is to install wirewraP Pins a.nd wirewri.P the new connections. 

EXTENDED DEVICE ADDRESS CXDA>: On 32-bit IN.chines with 9- or 10-bi t address~::, t.tre e:onriect1i:in XDA 
Cnormalh· left oPen> is 11ade. NOTE: XDA MY not be rtide on 16-bi t ma.chines, a.nd 1,Jhen XDA is Mt 
!Di.de, de•.,1i ce iddress bi ts 100 and 200 must be connected to GND. 

DRIVE .JUMPERING: Va.rious jumper oPtions: in the drive 11ust be ProPerlY selec:ted. The exact oF·tHns 
will vary 11.1i th the Particular drive, but in senera.l, the sector si:ze must be JumF·ered, and the NRZ 
di ta oPti on 111ust be sel ec:ted. 

Compute sector jumper-ins bY first determinins the total nUl'lber of bYtes Per tr.tc:k. This 11.iill bi!! 13440 · 
or 20160. In the following descri r>ti on, the va.l ues for a. track size of' 20160 i.Pf"f~i.r in Parer: theses. 
Add bO (80) to the number of ct.ti bvtes in the sector. The 60 (80) bYtes ine:l1Jde mechanic.al 
tolerances at the buinnins and end of sector, VFO lock time, sb~ bYtes c•f" ID ~ ID c:her::ksum and tt1.1 1:. 

bYtes of data checksum. Divide 13440 <20160) b·t the sum .ind take the intuer Portion of tM resljl t. 
This is the number of" sectors ava.ila.ble Per tra.ck. Then divide 13440 (20160) bY the number 1:r~· sector::: 
Per track and a.gain ta.ke the intuer Portion of the result. Note: on soo1e dril>es t•.1i th 20160 byte::. 
Per track, the dividend will still be 13440. This iPPlies to the Ca.lC1)fflf· Tf:2 i.nd T302, for e>~amFle. 
The formittter/diunostic will Provide an a.PProximate check on the jumPerin9 durin9 the se 1:=tor counter 
test. 

INSTALLATION 2. 1 
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tEGATIVE VOLTAGE OPTION: Interdi ta hu recentlY introduced i series of Processors whi c:h use MO~; 
••ories. This is not i Probl• in itself, but aost of these Processors do riot h.ive + or -16 \_.1011. 

Power suPPlies. The TDC903 re1uir-es i saill nout of -16 volts which is interM.lh' conver·hd to -5 
vol ts for use with the STORAGE ..ODULE intrf.ices. PtiniCotrePuter is currently working on a. s:uPPlY 1.1.1rdi::h 
will be resident on the bo.ird, however in the 1e~n ti11e, i secor1d.iry SIJPPlY is required. To connect 
this SUPPlY to the TDC903, the followins Proceedure should be helpful. 

1. ttike certain that vor '°"er suPPlY is set for 1b vol ts. 
DO NOT ASSUt1E THAT THE MNUFACTURER HAS DONE THIS FOR YOIJ~ 

2. Usin' a volt-ohtt-aeter, Mke certain that the 11inus outPut of the sunlY 
is not cos.on with the cha.ssi s. If it is vou must modi h the suH 1 Y. 
or use i different sur>r>lv. 

3. Locite ._14 between JO and Jt Pin 1 is round, connect the Positive sun·ly 
lead to this Point. Pin 2 is no connection. Pin 3 is common ldi th the 
-16 volt bi.ch l.ine Pin. 

4. If Possible, connect the AC inr>ut of the suPP"lY to S:bJi tc:he·j ·'AC-'. This 
will t1rn the power suPP"h' on .ind off 11Ji th the comF"uter. 

LOGIC PROBE 

The logic Probe LED is turned off if either of its Pins is Pulled lOti.1. 

INSTALLATION ., 'i .... " 
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CFERATION 

The dr·ives should be turned on titer the CPU and should be turned off before the CPU. 

OS/lb MT2 BOOTSTRAP PROCEDURE 

Cf'ERA TION: 1. ENTER SO SEQUENCE 
2 INITIALIZE 
3. CLOSE SP1C903 BOOT CONTACTS 
4. RUN 50 SEQUENCE 

50 SEQUENCE: 0022 0000 S T A R T HERE 
<Push RUN twice> 

0034 8000 
0036 0050 

0050 D500 
0052 0187 
0054 4300 
0056 0088 

0078 710F CDN+L 15 
007A 70- DN,O 
007C -FO O,SDN 
007E Olli I OF OS IMAGE <OS16xxxx. HI> 

ERROR:; ARE REPORTED IN THE FRONi PAr·~C:L DISPLAY AND 
IN THESE REGISTERS: 

If** 11+1 1111 **** **** **** 1111 1111 1111 
R2 REGISTER :::: REGISTER F 

STAGE 1: 

BAD READ STATUS 
2 BAr: CYLINDER ID <SHOULD BE O> 
.3 BAD HEAD &! SECTOR ID 
4 BAD ID CHECKSUl'I 
5 BAD DATA CHECKSUM 
6 STAGE 2 CODE INVALID -oR-

STAGE 2: 

8 
9 
A 
c 
D 
F 

ATTEMPT TO BOOTSTRAP ON A 32-BIT '1ACHINE 
USING A PACK FORMATTED ON A lb-BIT MACHINE 

BAD READ STATUS 
BAD CYLINDER ID 
BAD HEAD & SECTOR ID 
BAD ID CHECKSUM 
BAD DATA CHECKSUM 
OS IMAGE NOT FOUND 

CURRENT 1£1'tORY ADDRESS 
CURRENT 1'18'10RY ADDRESS 
CURRENT telORY ADDRESS 
CURRENT t£rlORY ADDRESS 
CURRENT telORY ADDRESS 
0 

OPERATION 3. l 
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OS/32 tfT BOOTSTRAP PROCEDURE 

OPERATION: 1. ENTER SO SEQUENCE 
2. SEi PSW iO 00000000 ( DT A FN SE1 ... > 
3. INITIALIZE 
4. CLOSE 5"C903 BOOT CONTACTS 

50 SEOIJENCE: 

S. RUN 50 SEQUENL."'E 

(>051) D500 
0052 0187 
0054 4300 
0056 ooss 

0078 710F 
007A 
007C 

S T A R T H E R E 

007E Otll I OF OS IMGE <OS32xxxx. HI> 

ERRORS ARE REPORTED IN THE FRONT PANEL DISPLAY AND 
IN THESE REGISTERS: 

**** **** **** **** **** **** **** **** **** 
R2 REGISTER 3 REGISTER F 

STAGE t · 

BAD READ STATUS 
2 BAD CYLINDER ID <SHOULD BE 0 > 
3 BAD HEAD ~ SECTOR ID 
4 E:A(; ID CHECKSUM 
5 BAD DATA CHECKSUM 
6 STAGE 2 CODE INVALID -OR-

ATTEMPT TO BOOTSTRAP ON A 32-BIT MACHINE 
USING A PACK FORMATTED ON A lb-BIT l'IACHINE 

STAGE 2: 

8 BAD READ STAnJS CURRENT MEMORY ADDRESS 
9 BAD CYLINDER ID CURRENT MEMORY ADDRESS 
A BAD HEAD & SECTOR ID CURRENT MEMORY ADDRESS 
C BAD ID CHECKSUM CURRENT MEMORY ADDRESS 
D BAD DATA CHECKSUM CURRENT MEMORY ADDRESS 

F OS IMAGE NOT FOUND 0 

See f ormi t ter listi n!I for deta.i ls. 

OPERATION 3.2 
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COlt1AND SurtlARY 

The SMC'?0:3 uses two consecutive device addresses <default X'70; ind X'71; ), referred to in this sum
ir1arY a.s DEV and DEVl. OC and SS co•~nds !MY be issued to either device code; RD and WD co111mands to 
DPv1 are for c:ontrc1l functions, and to DEV1 .ire for dciti transfers. 

DATA OP ER AT I ON:3 

WD DEVL A\X2) 
W" ti DEVL At X1> 
WB DEVl, A<X2) 

err1 n:-u1 _ 61 v.-1 i 
1\-.· Wi- t' ... I n \."\ ... I 

RH DE\IL A(X2> 
RE: DEVL A( X2> 

CONTROL OPERAT I 0~6 

SENSE STATUS 

S::: DEV 1 A 02 i 
SS DEVl,A(X2) 

Write byte of di ta to RAM on bOird Sf'IC-?03 a. t 
current address; increment addr·ess. 
IJse or1lY WH 

Reiid bYte of ~ t~ fr-om RllJ1 on bOi.rd 5"C903 a.t 
current address; increment address. 
Lise only RH 

Load control rui ster in SMC'103 with one of 
the foll o•.•.ti rig (meani n9 deF-ends on subsequent QC). 
Bi ts 9-15 a.lso set RAM bYte address <forced even>. 

U cYli nder 
2> he~d, offset, a.nd strobe N;rh"/late 
3) sector 
4) drhJe c:ontrol bi ts (reset fa.ult 

or re2er·o; 
5) byte count for rHd or· ~rite 

First RH: rea.d checksum resister 
Suc:e:essive RW s: read sector· counter 
<First RH means f'irst a.fter a.nY OC> 
Si:.rn bit is set or1 sector counter r~d. 

BIT s 
9 

10 
11 
12 c 
BV 

sel ec:ted drive fa.ult 
0 
selected drive not or1 c:Yl i nder 
selected drive reid-onl Y 

cor1trol l er busy 
e:x:a.mi ne sti tus (fa.ult, 
timeout or seek error) 

14 G sector overflow 
15 L selected drive offline 

or no drive selected. 

PROGRAMMING 4. 1 
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OUTPUT COMMAND~; 

oc 
oc 

DEV, A<X2) 
DEVL A(X2) 

CODE 0 r-eset control I er 
load bYte cour:ter 

..., 
"" control tu to drive 
3 seek 
4 set head, off set, strobe 
5 set sector 
6 -
7 -
8 read C drive to RAM> 
9 write <RAM to drive) 

10 reset RAM iddress 
11 reset checks1..'ll N~9i st er 
12 enible interrupt 
B -
14 -
P5 iutoload bootstrap code 

CODES X"80'-X'81 ·' select drives 0-1 

CONiF:OL. REG! 3TEF: MEAN I NG FOR OC COMMAND::; 

CODE 0 control rui st er is re$et to 0 
1 bYte count for rMd or· 111ri te (2-n> 
2 BIT 15 0 

14 0 
13 0 
12 0 
11 f i u I t c I ear 
10 0 
9 return to :zerl) 

0-8 (> 

~: cYl i rider 
4 BITS 11-15 head 

BIT 9 
8 

off set direction f"ortt•ard 
offset heads 

7 read strobe earl Y 

6 re~ d strobe late 
5 sector (0-255> 
6-7 un1Jsed 
8-15 control rui ster· is reset to 0 

PROGRAMMING 4. 2 
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Sl'IC903 versus TDCS03 

Most Mi n1ComPuter T echnol O!IY sof twa.re for the TDC803 llli.Y be used tti th the SMC903. Si nee the S11C903, 
like the TDC813, is i. hi.l h.•ord device, sPecia.l a. t ten ti on must be Pi.id to its use with the AL cOftdfta.nd 
Normal h, hob.lever·, bYte 1/0 instructions thi. t work with the TDCS03 wi 11 not work with the SMC903 (or 
TDC813, for tha.t mutter>. The OS/16 and OS/32 bootstrus work with the Sl'IC903 because, when run 11.1i th 
the SJ1C903 the AL instruction reids in every other bYte. A Portion of the bootstru Proram is w-i t
ten out in every oth~~ bvte, •nd when read in rereads the first bootstrap sector usin9 RH instructions 
and then oPera. tes normal 1 Y. 

In addi tior11 the 11eudn9 of the bi ts sent to the drive with the control tu is different. Softwi.re 
such i.S the forma.tter/diasnostic recognizes the 5"C903 bY the fact thi.t the si9n bit is set when the 
sector counter is read a.nd chooses bits Patterns a.ccordinslv. 

PROGRAMMING 4. 3 
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SECTOR f'IAPPING 

Ph niComPuter Technol 09Y disk dr-iver soft..,a;re aakes use of a techni 1ue we cal 1 sector lli.PPi n9. This 
f>f"'ocedure is refer-red to va.riouslY u sector inter lice, sector stuterins, al tern&te sectors:, or se,
tor inter l ei\Ji n9. The reason for sector MP Pins is that tvPi cal lY some CPU i>rocessi ng time is 
re<tuired bett1.•een a.ce:esses to the disk. The time lhl.Y be necessary for 1/0 rel a. ted ti.sks, such a;s 
moving d•t• to a.nd from buffers, or for the caller, ~ho Processes the da.ti. before asking for the next 
sector. A i>rogr~m en~sed in• search throush a. file, for· examPle, reads sector O, scans it, and then 
reads sector 1, and so on. If IMP Ping is not used, sector 1 _,i 11 be Pissed while the Pro9f"·i.m is scan
ni ng sector O, and the PrOJri.m 11ti 11 hive to wait nea.r h an entire revolution of the disk ( 16. 7 mi 1-
li secc•nds at 3600 nm) before it can read sector 1. An a.lternttive is to a.rr·an!t sectors on the disk 
so: 

PHYSICAL SECTORS: 0 2 3 4 5 6 7 

LOGICAL SECTORS: 0 4 S 2 6 3 7 

It miY be thi t the Processi n3 ta.kes: more than one sector-time. In thi t ca.se, every third sector 11aY 
be used: 

PHYSICAL SECTORS: 0 1 2 3 4 S 6 7 

LOGICAL SECTOR~;: 0 3 6 1 4 7 2 5 

This can be extended indefini telY1 but a. Pn.cticil limit is ever·v nth sector, where n is the number of 
sector·s Per tri.d:. This ca.se, of c:o•Jrse, is eHectiveh back to no li.PPing at all. 

Another Problem a.rise::: when 111e finish 1.1.11 th the last sector on i. track and moi . .Je to the next heid: 

PHYSICAL SECTOR'.:;: 0 1 2 3 4 5 6 7 

LOGICAL SECTORS, 
HEAD 0: 0 4 1 5 2 6 3 7 

LOGICAL SECTORS, 
HEAD 1: 0 4 1 5 2 6 3 7 

When sector 7 of head 0 is Processed, there is no time bet.tileen it a.nd sector 0 of head 1. A simPle 
solution is to idd the hea.d number to the sector number (modulo the number of sectors Per tra.ck> 
before mul tiPlYing bY the rriuPiri!I fa.e:tc•r <2 in this examF·le>: 

PHYSICAL SECTOR:;: 0 1 2 3 4 5 6 7 

LOGICAL SECTORS, 
HEAD 0: 0 4 1 5 2 6 3 7 

LOGICAL SECTORS, 
HEAD1: 37041526 

The controller dwaYs deds in terms of Phvsical sectors, a.nd the ID written bv the formatter is in 
terms of PhYsi ca.l sectors, so the driver au st transl a. te the 1 o9i cal sector it is given to i. Phvsi ca.I 
sector.. The iriuPing subroutine in the SMC903 crivers Perfor11s the M.PPins function, a.nd it rtaY be 
changed to suit sPecial requirements. Note tha. t in OS/16 MT2 the 11u factor is W'i t ten by the f orma. t
ter a.s the first wor·d in the ID of each sector, so thi t· each Pa.ck hu its own MPPin9 factor. The op
timum lfti.PPing factor dePends on the sPeed of the CPU, ~hether a selector ·channel is available, and the 

PROGRAMMING 4.4 



- S M C 9 0 3 R E F E R E N C E H A N U A L -

dellli.nds of the Pa.rticula.r soft.are usins the controller. 

With OS/16 MT2 a.nd OS/32, the fOl""ma.tter lln"ites the llaPPin9 fa.ctor in the ID of ea.ch sector on a Pack, 
so tha. t e-a.ch Pa.ck ca.rr-i es its own mu Pins fa.ctor. 

PROORAMM I NG 4. 5 
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DIAGNOSTIC FORMATTER 

Th~ dia~nostic: formatter (TDC803-1-E> ha.s two PrinciPa.l functions. First, it Provides a. thor·ou9h test 
of PrC;F·er contrerll er opera. ti or1i second, it Provides a. m~ns of' w-i ting the necessa.rY ID a.nd checksum 
i r1formt1 ti on in ei.ch sector of the Pa.ck. In a.ddi ti on, if re1uired, it w-i tes the bootstru code 
re•rnfr·ed f'or boert.i ng a.n OS/16 MT2 o,era. tin' SY stem. If a.ssembl ed for 32-bi t oPera. ti on, a. bootstru 
record rrraY be 1.1.1ri t ten tha. t '-Ji 11 1 oa.d either OS/32 or OS/16 l'IT2. 

Th~ oF·e ... ·a. t.i n~ F"rocedur·e for· the f orma. t ter is u follows: loa.d the r-rora.ri into i known loca. ti on in 
memory a.b•:ive the i nterruf't ta.bl e. Er1ter a.nY OP ti Oni.l control i nf<>r1'ti ti on into the a.r>PrOPria. te da. ta. 
1.1.1i:1r 1~s at the buinrrir1g of the Progr-·a.m. Sta.rt the formatter a.t the buinning <relative loca.tion 0). 
Thi:: for-matter wi 11 run a. series of dia.gnosti c routines, a.nd then form. t the Pa.ck. The f or11i t tins 
se·~uenr::e c=on::.ists of t1.1ri tir19 a.r1 entire tra.ck, r·ea.din11 it ba.ck, and then going on to the ne>~t tr-a.ck. 
Atter a.11 tr.a.ck; ha• ... ·e been formatted, the entire Pa.ck is read a. second tim~. 

The ferllc11.t1in~ words ma.Y oPtiona.llv be cha.nged to t.&ilor the or>era.tior1 of the for1tiltter to the 
Par ti i::iJliir i n::t.sl l i ti on. The vill ue in Pa.rentheses a. fter ea.ch la.bel is the def'i.ult va.l ue. Consult the 
f orm.:s t ter Ii sti ns for sPeci h c a.lterna tive va.l ues. 

PATt~ ((i(h)l) .a.nd PINC <OOFF) control the a.ctua.l di.ta written in eic:h sector. The first ha.lfword will 
be PATNi the second wi 11 be PATN+PINC; the third will be PATN+PINC+PINC; a.nd so on. Worst case 
P.:s.ttern:: <a.s SPecified bY Ca.lComF) may be used bv enterin9 them into PATN with PINC=OOOO. A 
rec:1:immended double SPira.l Pa. t tern is PATN=OOOO a.nd PINC=OOFF. 

RWFL.Ai3 ((l(H)3) m.s·.- be set to read-onh, wri te-onlY or lf.lri te/rea.d operation. The oPtions a.re of use 
Prilfj~t·il\ in diagnostic Procedures; for exa.mPle, if a. controller ha.s &ta. errors, but a.nother 
controller l1.t•:irks, a. Portion of a. Pa.ck should be for·ma.tted in 1a1rite-onh· aode with the bud con
trc1ller a.rid then reid in rea.d-onlY mode with the sood controller·, a.nd vice versa., to determine 
«thether the bad con troll er is fa.ul tY duri ns re.ads, w-i tes or· both. 

TYPE (0002) design.stes the a.ctual drive tYPe being used 

DP!VE ( (H)(H) I d~suria tes the drive number (0-1) on which the Pi.ck to be f or11ta. t ted is mounted. 

DEVICE <0070) is the de• . .Ji ce addess of the con troll er. 

ALL (OA1 U tells the formatter to f ormii t a.11 sectors of the Pa.ck. If ALL is set to 0000, onlY 
these sec: tors ~l thin the inclusive limits LOSEC-HISEC, LOHEAD-HIHEAD, LOCYL-HICYL 111i 11 be 
f'orma t ted. If ALL is non-:zero, those limit JMords wi 11 iutoma. ti cd lY be set to cover· the entire 
Pack. 

DCNT (0100) sFecifies the number of di.ti. bvtes Per sector. The for11a.tter will comF"ute the number of 
sectors r:-er trac:k from DCNT a.rid ·TYPE. 

OFF1 (({H)O> •nd OFF2 <OOOO> ill~ head offsets a.nd reid strobe delavs to be specified in Pass 1 
(11.1ri te a.nd read> .ind Pa.ss 2 Crerea.d> resPectivelY. 

OS (00('1 > SFeci fies the oPeri tin! S'\'Stem tha. t the f'a.ck is to be f orrri. t ted for. SPeci hi ng 0001 or· 
0002 ca.uses a. bcaotstra.P routine to be writ terr. SPeci hi ng 0001 a.l so ca.uses a.n a.dditi ona.l ha.l
ft.i.1c1rd to be included in the ID. On a. 32-bi t system, sr>ecifyi ng 0001 wi 11 9enera. te a bootstru 
record tt1at 111ill loa.d either OS/32 or OS/16 t1T2. On a. 16-bit·SYstem, sPeciffin' 0001 will 
sen era te a bootraP record for OS/16 onh. On either a. 16- or 32-bi t svstem, neci fYin9 0002 
bJi 11 sen era. te .i bootstru record for 16-bi t DOS, d though DOS does not SUP Port the SMC903 a. t 

DIAGNOSTIC FORf1ATTER 5. 1 
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this time. 

l'IAPFAC <0005 or 0007) is rel ev~nt only 11hen OS is set to 0001. It sPeci fies the IMPPi n9 fa.ctor to be 
usf!d b....- the oPera tin' sYstem. 

FLAGEAD ((l(H)0) 11i.Y be set non-:ero to c.iuse biid tracks to be fla.ssed. The OS/16 MT2 i.nd OS/32 MT 

NDEV 

REW!=, IT 

dri 1.,.1~rs rec:o~ni:e the fh.9!ed tr·a.cks, a.nd the bad tra.cks a.re fluted in the system bit mu when 
a READCHECK is F"erformed bY DISCINIT, DISCHEC:K, or the OS/16 !NIT comma.nd. The number of flus 
is i ndi ca ted i r1 the left di SF' lav a. t the end of the Pro9r'u1 (di SP la.Y D L We suggest tha. t PATN 
be set to 0!})1 and PINC to OOFF. The offset oPtions OFF1 and OFF2 liY also be used to crea.te a 
b.IC1rst,-1::asi!! e:c•ndi ti on. HLTFLG maY be set to 0000 to r>reiJer1t ha.I tins on errors. 

(0100) can 

(00C11) lfld.'-t' 

ted. His 

be 

be 
is 

set to 0200 or 0400 on 32-bi t m.a.chi nes with extended device a.ddressi ns. 

chu1ged to 0000 to Prei..1ent sectors ·frOll'I being rewritten a. fter en error is detec
of use Primarily in dia.!lnostic UPlication.s. 

CW.DTA (00CDi ma·· .. be .set non-ier·o to Ciuse ea.ch dati. byte to be checked dur-in9 rea.ds. 
chi?i::k :::um is used to check the di. ta. 

Otherwise, the 

CONT (1)000) ma.Y be set non-zero to ca.use the formatter to run con ti nuousl y, a.9ii n chi efl Y for 
diagnostic PUrPose~ Passes a.re counted in PASSEa 

HLTFL!3 ((i(E)l) c:au:::e:: the formatter to halt on errors. H set to iero, errors are counted in ERRORS 
ar·d the rrrcrst re,~ent 32 errors a.re sa1Jed in the ERRSAV arei.. Wher1 64K errors ~re counted, the 
Pro~ram 111i 11 halt unconditional b'. 

INTF:FT (t)(H)l) ma....- be set t.o 0000 to Prevent the formatter fr-om using interruF·ts. 

SELCH ((H)CH)) ma· ... be set tci the de1.,1ice address of the selector ct .. nnel <usuallY OOFOL If a. selector 
channel is a1.)ai la bl e, this wi 11 result in somewhat fa.sf.er OF-era. ti on. 

CYLINi:· ( 0001) set::: the cYli rider steF· si ie. For exarrrP 1 e, if CYLINC=0002, onl Y even cYli nders wi 11 be 
formatted It CYLINC=00001 cvlinders are chosen randornlv. 

PA WOOU1 is an N·tion used to 9ii._,1e a. controller an a.bbre1..1ia.ted checkout without formatting the en
tire Pack. 

RNDLIM (010Ci) SHC:i fies the number of" Puses in the RAM randcrm-di ta test. If RAM errors are suSPec
ted, this value 111aY be i ncrea.sed .at the expense of longer runni n9 time. 

LOSEC-HICYL: see ALL, a.bov~ 
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D I A G N 0 S T I C F 0 R M A T T E R E R R 0 R S 

The Formitter uses the front Pa.nel to report errors. An error code a.PPears in the left four bits, a.nd 
tlllo 16-bi t numbers uPea.r- in the next 32 bi ts:. For older -.chines, such a.s the Pfodel 70, the err·or 
code liiY be found in resister F, the left ha.Ht»or·d in resister E, and the ri9ht ha.lfword in ruister 
D. For certain error t·'fpes:, the left four bi ts of the left hilfword will indicate a.n error subtYF·e. 
The la.st 32 errors if"'e sa.ved in the ERRSAV ar·ea a.nd MY be disPla.Yed by sta.rtin!I the Progra.111 a.t the in
struction ca.lled DISPLAY SAVED ERRORS. Push RUN twice for H;ch error; the first disPla.Y i.1ill be the 
n0r1na.l error di SP la.Y (see below> a.nd the second wi 11 be the 0 < c·di nder, head & sector) di sp liY. When 
a.11 sa.ved errors hilve been di:>Plived, the D disPliY is disr>la.Yed. 

After a. hilt, the formitter !fklY be restarted simPh' be Pressing RUN. However, if uvthing hu beer1 
cha.n!led (like the Pr09ra.m counter> it must be resta.rted.a.t the B UNHALT instruction ca.lied RESTART AF
TER ERROR HALT. 

ffH 

0 

NORMAL OPERATION 

**** **** **** **** 
CYLINDER 

**** **** **** **** 
HEAD SECTOR 

This is the nor111~l dinlaY of the form~tter, exceF-t f"or the ir1i tia.l dii.ilnostic section. The disPla.v 
is of the c:1Jrrent cylinder, hei.d i.rid sector bein3 fortr1itted. 

HH 

WRITE STATUS 

**** **** **** **** 
STATUS 

A st. tus error ldaS encountered a ft er a write. 

"** 
2 

READ STATUS 

**** **** **** **** 
STATUS 

A sta tiJs err· or -.iu encountered a Her a re'ld. 

ffH 

3 

ID CHECKSUM 

**** **** **** **** 
CHECKSUM REGISTER 

**** **** **** **** 
HEAD SECTOR 

**** **** **** **** 
HEAD SECTOR 

**** **** **** **** 
CHECKSUM 

The ID checks1J11 contf'uted by the contr·oller· .. s checksum ruister did not M.tch the checksum reiid freim 
the Pa.ck. 
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ID 

Hff **f'f Hff **'ff 

1 CYLINDER ID 
2 HEAD ID 
3 SECTOR ID 
4 PIAP FACTOR 

HH ff+4 HH ff ff 

EXPECTED 
EXPECTED 
EXPECTED 
EXPECTED 

One of the ID items ..-s in error. The ite11 iCtUi.llv r~d is on the left a.nd the exPected ~lue is on 
the right. The M.P f.ictor will Mve the drive tvPe (TYPE> ir1 its left bYte a.nd the MP factor in its 
right bvte. 

DATA 

**** **** **** fflf **** **** **** **** **** 
5 HEAD SECTOR SD SC RD RC 

A data error ~s encountered. SD, SC, RD and RC ~ch be O, A or F a.nd indicate tha.t the corresponding 
test ~s Passed <AL failed (F) or not ~de tO>. The SD test is a. word-for-word check of data. r~d 
111i th the SaCH. The SC test is ot" the checksum a.fter a. SELCH r~d. The RD a.nd RC tests a.re the same1 
but for trarrsf ers usi nil the RH instruction rather th.in the SELCH. The genera.I rui sters al so contain 
deta.ils of interest; cons1Jlt the form.rttter listir1g Pii9e 4 for their contents. TheY .ire not loaded if 
the error is beins disF·laYed from the ERRSAV a.re-. 

ILLEGAL FLAG 

**** **** **** **** **** **** **** **** **** 
b HEAD SECTOR CYLINDER 

An attempt is being M.de to flu head 0 of either cvlinder 0 or 1. These tracks a.re necessary for the 
bootstru a.nd OS volume ID sector and must be .i1Md. 

PARAMETER ERRORS 

ff H **** HH HH IHI HH HH ffff HH 

7 0 DEVICE NUMBER ODD 
1 NO RESPONSE FROM DEVICE 
2 ILLEGAL DRIVE NUMBER 
3 ILLEGAL DRIVE TYPE 
4 SECTOR LIMITS ERROR 
5 HEAD LIMITS ERROR 
b CYLINDER LIMITS ERROR 
7 DATA BYTE COUNT <DCNT> ODD 
8 DCNT NOT 256 WITH OS 
9 NO RESPONSE FROM SELCH 
AO FLAGBAD SET AND OS NOT = 1 
Al FLAGBAD SET I BLIT NOT ALL SECTORS SPECIFIED 
A2 FLAGBAD SET AND RWFLAG NOT 3 
B PROGRAM LOADED TOO LOW 
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These errors 9enera.llv indicate thit one of the user-selected Pir&11ters is incorrect or (in the ca.se 
of error· 1) thi t the contr-oll er is not renondi ns to its a.ddress. Error 7-B i ndi ca tes thi t the 
Pro,,.-u ._.s loaded so lOtJ thit it overlaPPed the interrupt t..ble. 

RAM TEST 

HH HH HH ffH HH HH HH HH ffH 

8 0 APPARENT RAM SIZE 
1 SIZE RAM TOO SMALL 
2 BLOCK BITS 
3 ADDRESS CONTENTS 
4 BLOCK BITS 
5 ADDRESS CONTENTS 

The 0 distla.Y indicates tha.t the RAM test is runnin:9. If a.n error is encountered, one of the other 
subtYPes wi 11 be di SP laYed. SubtYF·e 1 i ndi e:a tes that the RAM is too SMl l for the rect1Jested sector 
siie. This can a.lso be ca.used by bad memory chiPs or faulty a.ddressing. SubtYPes 2-4 are various 
da.ta Pattern tests. The word BLOCK indica.tes which 256-bvte blocks a.re in error. BLOCK=l indicates 
that the errors were in the first 256 bytes; BLOCK=2 indicates the second 256 bytes; BLOCK=4 in
di ca. tes the third 256 bYtes; BLOCK=S i ndi ca. tes the f"our·th 256 bYtes; a.nd so on. Errors in mul tiP le 
bl oc:ks are i ndi ca. ted bY the suni of these codes. For exa.mP 1 e, BLOCK=5 i ndi ca tes errors in both the 
fir·st a.nd third 256-bYte bloe:ks. When errors are encountered, an error· Pattern is 9enera.ted t\li th bi ts 
on in the bit Position of ~ch erroneous bit. The losicd OR of a.11 the error Patterns is diSF-la.Yed 
a.s OR. BY consul tins the scheM tic Pue C, BLOCK a.nd OR can usua.l h be used to For the St1C903, the 
16-bi t OR represents the 16-bi t width of its RAM. For the TDCS03, the left bvte of the OR word 
rei>resents even bYte a.ddresses a.nd the ri sht bvte represents odd a.ddresses. No Pa.r-ti c:ula.r 
si9ni.hca.nce is a.ttached to this distinction; it is done for comPa.tibilitY between the TDC803 a.nd 
SMC903. BLOCK, OR and Pa.!le C of the schema ti cs maY be used Pin the error dOIJ.ln to a single 11emorv 
chip, if indeed that is the Pr-obl em. In test 3, the bYte address of MCh ha.lfword in the RAM is ~it-

ten out a.nd checked In test S, the random RAM a.ddr·essins f~ture of the St1C903 is checked. 

HH 

9 

CHECKSIJM REGISTER TEST 

ff++ **** **** **** 
0 

CHECKSUM REGISTER 

**** **** **** **** 
TEST IN PROGRESS 

EXPECTED 

The a.ll-2ero di sF· laY i ndi c:a tes that the checksum r·esi st er test is runni n!. A lar!'e number of data. Pat
terns a.re sent to the controller. The rorma t ter comPutes the correct checksum (EXPECTED> a.nd then 
rea.ds the checksum rui ster to deternii ne whether is ~s Pr-OP er· h computed bY the con troll er. 

ffH 

A 

SECTOR COUNTER TEST 

**** **** **** **** 
0 
1 NSEC 
2 SECTOR COUNTER WAS 

'*** **** **** **** 
SECTOR COUNTER 

LOW COUNT HIGH COUNT 
AND COUNTED TO 

The nUlflber of sectors is computed from TYPE and DCNT. If the sector counter does not count from 0 to 
NSEC-1 or NSEC, error subtYPe 1 rePorts the 101J.1est a.nd highest sec: tor numbers rMd from the sector 
counter-. A bad hi9h count ten·er-a.lh· is uused bY incorrect sector .iuriPer-in9 in the drive. Cable 
Problems a.re suspect if the counter is not counting a.t a.11. 
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ILLEGAL DEVICE INTERRUPT 

ff ff HH flff ff H 

DEVICE 
ffff f**f .... ffff 

STATUS 

An interruft w.is received from some device other than the Sl'tC903, or the SftC903 identified itself 
incorrectly to the CPU when it interruPted. Try Pressins INI a.nd reswtint the forMtter. 

HH 

c 

INTERRUPT TIMEOUT 

**** f fff fff f fff f 
0 

ffff ffH ffff *+ff 

SPIC903 STATUS 

No i nterruF-t wu received fro1 the con troll er when it ~:s exPected. This error is aost often caused 
by mi swiri rig the RACKO/TACKO .iU11r-ers on the backPlane. 

**** [I 

FORMAITER DONE 

**** **** ffff **** 
FLAG COUNT 

ffff ffff ffff ffff 

ERRORS 

T11is Poitterri is disFlciYed uPon COlflFletiorL ERRORS is a. count of errors: encour1tered. FLAG COUNT is 
th~ number of ba.d sectors <recter tha.n or equ.l to the number of bad tra;cks>. If both va.lues a.re 
FFFF1 the ba;d-sector table has overflowed. This indicates either a. serious htrdtal~re .a.lfunction or a. 
VERY ba.d Pa.ck. Note tha. t the number of errors encountered on ea.ch hea.d is stored in HDTAB. If MnY 
error::: 1."lc:cur u1d they a.re restricted to onlY a. fec.1 hea.ds, a. drive Problem must be sunected. 

HH 

E 

RAM READER 

**** **** **** **** RAM ADDRESS 
Hff ff*f Ifft ffff 

(ADDRESS+O)<ADDRESS+l> 

The sto1nd-~lr,ne RAM rei.der ma.Y be started cit its buinning to reid out the contents of the control-
! er..: s RAM buff" er. Two bYtes are di SP laved a. t a tirr1e, toilether with the a.ddress of the first bvte. 
Press RUN reF'ea tedlY to stu throush successive addresses. 

**** 
F 

DRIVE STATUS 

**** **** **** ffff 
DRIVE I 

**** **** ffff **** 
STATUS 

H this disPlaY a.FPears for a.nY len9thY Period of· time, it indicates i status Pr"oblem. 1'1ost likely 
causes are: read-onlY switch on with wri ti nil requested; drive deM ted; non-existent drive selected; 
cable or terminator riot Pr"OPerlY Pluued in. 
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The SMC:'?03 controller· iaa.Y be used with OS/32 MT R02 by Mking the entries to the CUP/32 inPut a.s 
sF·ed f"i ed in the OS/32 driver listing ud a.ddi ng the DCB and driver objects to the driver Ii brarY. 
The DCB must be first. Al terna.tivelY, CUP/32 aa.y be first directed to the standard driver librart. 
When it ene:1:i•Jr1 ters the end of the li bra.rY it wi 11 Pa.use with a.n EOF or end of volume 11essue. Close 
109ical unit 4, a.ssisn it to the SMC903 DCB object file, •nd continue. When the end of the DCB is 
ene:c1un ter·ed, CUP 11.1i 11 Pa.use ua.i n. Close 1 o9i ciJ unit 4, usi Jn it to the srte903 driver object a.rid 
cc•nti r11Je. 

The tYPe of drive to be used need not be sPeci fied a.t SYSGEN time; it is deterained bv the driver 
when the drit..•e is f'tAF\'Ked ON bv the opera.tor for the hrst tiH. When the svstea is first loa.ded, or 
when a. net1.1 Pa.ck with a. different llit>Ping fa.ctor is loa.ded, the driver will re.iect ill 1/0 re4'•Jests ex
ceF·t ~ read of sector iero, 111hi ch the MRK ON comma.nd wi 11 do. This aea.ns tha. t in order to run 
DISCINIT, the dr·ive lflust be MARKed ON a.nd then OFF, or DISCINIT will terminate with a.n I/O error. 
Dri1. .. •er a.ssemtilY oF·tions include use of the SELCH, ISR or NSU oPer·a.tion, a.nd rMd-check offset. The 
reit.d-chec=k off set oF-ti on a.11 ows the drive'" s hea.ds to be offset during a. re.id-check opera. ti on to ~ke 

errcit·· detection more likelY. It is set a.ccordinil to the instructions for· setting OFF1 a.nd OFF2 in for 
form.stter. Setting NSU aJlows the dr-iver'"s interruPta.ble routines to run a.t hisher PrioritY. Setting 
ISR lets the driver run a.s a.n interrupt service routine <ISR> ra.ther tti.n a.n event service routins 
<ESE), thus aveii di n3 the system overhea.d of st.a.rtin9 UP a.n event service. ISR should not be used if 
very fazt i nterr1JF·t response is nec:essa.rY. 

Whi 1 e the DCB is i den ti hed with device code 063, the a.ctud device code assembled into the DCB is 
054. This is for Proper· 0Pera.tior1 with the Interdita disk utilities, which become confused when con
fronted with a.n unfa.milia.r device code. For si11ila.r rea.sons, a fa.ke sectors Per· tr-a.ck entry a.PPea.rs 
in the DCE:, a.nd the real one is in a. new 1 oca ti on a. t the· end of the DCB. 

Re1 • ..1i zi i:ir1 FO supports Cartridge Module and Mini Module devices (01D/1'1f1D). Si nee for simP li citY d 1 
DCE:s a.re a.ssembl ed to be the sa.me, a new sYuen steP is nec:essa.rY to customize the DCBs for CMD/MMD 
de1 

•.• 
1i c:es. These devices a.re cha.ra.cteri 2ed bY being l 0:9i caJ h not one, but two devices. Cl'ID devi c:es 

ha• .. 1e both fixed a.rid removible media; MMD devices hive necia.l head-Per-tr-a.ck areas. Two DCBs exist 
for ~ch one of this class of de•,.•i ces. One DCB is normaJ, a.nd the other needs special trea. tmer1t. The 
sF-er::ial F·ortions of these drives is a.cc:essed by setting sPecia.l bits in the cylinder and/or hea.d num
bi::rs. Also 1.t.1herr twc• DCBs refer to the same de•.,iice, theY 11ust know a.bout ea.ch other in order to a.void 
interference. 

To s11n-1 Y this inf ormi ti on in the DCBs, Mi niComF·uter Technol 09Y his w-i t ten a. r>rora.m to aodifY OS32 
irM:H~s < orr disk> a.ccordi rig to Sf'eciil iddi ti ona.l inf orma. ti on in the CUP i nPut h le. The Mlle of this 
f>f·ogram is •vMRn. VMR takes a.s i r1Put da. ta wri tteri on CUP i nPut lines surrounded bv angle brackets. 
CUP treats this data as a. comment. DescriPtive inforlfli&tion is Pla.ced on the line containing the 
device def i ni ti on. 

The hrst VMR a.r9ument <within the a.ngle br·a.clc:ets> is the device tvpe, a.s is used by the forrliltter. 
The sec:ond arg1.nr1ent is the na.me of a.nother devi c:e. H the second a.rgument is given, the two DCBs a.re 
hooked together. Thus for Cl'ID suPF-ort the CUP i nPut lines ai !ht be: 

4 CMDF:,074,063,D 
* CMDR:,074,063,D 

<1E,C1'1DR:) 

Note that 11 CMD~::" needs no sPecia.l treatment since onh· the fixed 11edia. Portion of the CMD ( 11CMDF: • > 

re~uires sPecia.l bits for a.cces~ 
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The 5"C903 controller a..v be used with OS/16 MT2 R01 bv using the MiniCOlnPuter Technology SYSG. CSS corrr-
1and to Perform the SYssen. The SUPPiied Pr091".iD POSTOJP edits the outPut of CUP16 for t1Ci control
lers. In assemblin! the disk driver, suPPort for drives not used m.v be elimina.ted bv setting the ap
PrOPriate TYPn Parameters to 0. The driver auto1N.ticallv determines whether i selector cha.nnel is 
Present Cif sPecified in the CUP DEVICE statement> and .-kes diti transfers accordin!lv. 

Packs to be used under OS/16 11T2 must be formatted with the for.atter'° s OS flu set to 0001. The M.P 
factor is used, and should be chosen after considerin! the Particular aPPlication. A a.P factor of 
0007 seems tood for a 7/16 with a TSO and no selector- channel. A larter aaP factor would be used with 
a TSO or- T300, and a SJM.11 er one with faster CPU'° s or vi th a selector channel. 

To Perform a svstem seneration, the driver object aust be in a file named TDCDVRib.OBJ and the CU'P in
put stite11ents must be in a file with the name CUPiosid. Givin9 the CSS cOIDlfland SYSG osid causes a 
comPete sYtem sener·a. ti on to be Performed. The output of CUP, which does not know a.bout the Mi niCom
Puter Technolosv controllers, is editted bv POSTCUP (SUPPiied bv us>. The EXEC, FPtGR and Cl'IDP 1odules 
a.re assembled, and a. SYstem im.9e is senerated bv TET. CUPOosid CoutPut of POSTCUP> remains, •s do 
EXEC. SCT, FPIGR. SCT and 01DP. SCT. The new operating SYstem i.age is left in OS1bosid. For exa11ple, 
with CUP inPut in CUPIMCT. 101, the CO«lmi.nd SYSG l'ICT. 101 will generate CUPOMCT. 101 a.nd OS16MCT. 101. 
The a.l terni.tive comma.nd SYSGX osid should be us.ed in sYstems with no Printer. 

DEVICE 54, 7n, TDCn:, FO, 70 11 na.me" 

where the low order two bits of n is the drive number (0-3), FO is the selector thi.nnel address, a.nd 
70 is the controller a.ddress. The ma.Y be changed, of course. If the controller is not to be PlU99ed 
in under a. selector channel, the controller address mav be substituted for the selector ct1inr1el ad
dress. The device n.uie is enclosed in double quotes and is sePa.rated from the controller a.ddress bv 
exacth one blank. We usual h· use TD1, TD2, etc. , but a.nv na.me of UP to four cha.racters IN.Y be used, 
includin9 DSC!, DSC2 etc. if theY are not used for other de•Jices. 

The DEVICE statement for a floPPY disk is: 

DEVICE 48,9n,FDCn:,F0,90 11 Mme 11 

DEVICE 49,9n,FDCn:,F0,90 "name" 

Device code 48 is used for si n9l e densi tY and 49 is used for· double der1si tY. Although a. selector chan
nel is not normally used with a FDC203, the controller llaY be Plugged in on a SELCH bus, in which case 
the selector cha.noel au st be sPeti fi ed. Otherwise. chinse the FO to the con troll er address. Our stan
dard names a.re FDL FD2, etc. 

EXAMPLES: 

DEV 54,70,TDC0:,70,70 •SMt" 
senera.tes a.n entrv for a. cr--ive without a SELCH which is drive 0 on a controller with a. device address 
of 70. 

DEV 54,71,TDC1:,70,70 •5112" 
Hnerutes a. second drive on the s.11e controller. 
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DEV 54, 70,TDCO: ,FO, 70 "SMlu 
tenerates a drive whose controller shu'es the buSY flag of the SELCH and •hich a.v therefore use the 
SELCH. 

The outPut of POSTCLIP inust be sPecialh edi tted if dua.1-sr>indle floppy drives such u the Dia.blo 12 
are to be used. Contict MiniComPuter for sr>ecid instructions. 

The standard iddress for a second SMC is 72. A SYstem ~ith t...o drives on one controller and one on 
the second a.nd sePirate selector channels ~ould be sr>ecified as follows: 

DEV 54, 70, TDCO: ,FO, 70 "SM1 11 

DEV 54, 71, TOCO: I FO, 70 "SM2 11 

DEV 54, 74, TDCO: I FL 72 11 St13 11 
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HARDWARE DESCRIPTION 

SECTOR COUNTER & COMPARATOR (schematic Pue D) 

The sector counter is composed of riPPle counters E3 & F3. The lea.din9 edse of ea.ch sector Pulse 
increments the counter, a.nd index Pulses f"eset it to 0. The oubut of the sector counter <SEC1-
SEC128) is IN.de i.va.ila.ble to the software. The sector counter bi ts ire continuous:lY compared to the 
f"eq•Jested-sector resister El ~ Fl, a.nd when they ire equcl, SEC= is hish. When a. new drive is selec
ted, or a. drive his been off line, E7/5 is low a.nd suPPresses SEC= ur1til a.n index Pulse from the drive 
re~tnc:s the sector counter. SCLR- resets the requested-sector retister in a.nticiPa.tion of a. bootstrap 
f"ei.d. 

DRIVE SELECTION CD) A drive-select COIM'la.nd is a.n OC ~ith bit 8 set and the drive a.ddress in bit 15. 
The drive a.ddress is clocked ir1to the Hl0/9 fliPfloP. The new drive a.ddress is cou·a.red to the old 
drive address, a.nd if it is different, NEWDR- is Pulsed low to let the sector counter be resYnced. 
The drive select oneshot F8/12 is Pulsed to select the drive. 

WH DEV St OC CD) 

A WH DEV Comtnind loads the a.cc:•Jtr1uli.tor contents into the ruister· Dl & D3, whic:h serves a.s a. buffer 
rui s:ter- from tdhi ch the sector rui ster, drive bus, a.nd bvte counter are 1 Oi.ded. OC commands: with bit 
8 off are decoded in the selected controller bY decoder· H16, a.nd low-9oin!I Pulses uPear a.t its out
puts. Note that OC comm.:s.nds 8-15 reset the buff er f"Ui ster· to 0. 

DRIVE TAGS <D> 

The output lines to the drive consist PrilDi.rilv of a.n 11-bit bus a.nd three tail lines thit define the 
.eani ng of the bus at a.nY 9iven time. The buff er rui st er contents a.lwaYs i.PPea.r on the bus, a.nd the 
ta9 Pulses a.re initiated bY CTAG!- (control ta,g), HEAD~- <set head ta,9), a.nd SEEK!- (set cvlinder 
tag>. The tags .ire about 1. 5 microseconds lonil. The control tag line is also a.ctiva.ted during a. r-ea.d 
or write (RWREQ), when the bus lines carry such metini nils a.s hea.d select, read 9C& te, and wr-i te ila te. 
The r-ead strobe timinil bi ts and off' set bits a.re included in the heid command for soft1J.1are convenierice, 
but must be stored in fl if-f'l of"S, si nee they a.re examined by the drive onh' during a. read. 

RH DEV! & SELC.H READS <A, B, C> 

The RH DEVl cOldfla.nd is used to rea.d a word from the RAM buffer. The curr·ent RAl"I bYte is ahiJiYS 
ava.i la.bl e . on the RAf'lriri and RAMnnB 1 i nes. DR tenera tes RDRAM ! , which ~ tes the bvte into the CPLI. The 
tra.ilins edse of RDRAM~ increments the RAM address counter (Pa9e C>, which is coriPosed of an 8-bit 
counter and a. 2-bit shift register tha.t selects the bink of 256 words being accessed. A selector chan-
nel read looks to the controller the sa.me a.s an RH DEVl command frOll the CPU. RAMBZ- inhibits 
closelv-foll<*ing DR strobes <a.nd SYNO> until the next byte is ready to be r-ea.d. 

WH DEVl and SELCH WRITES 

The WH DEV1 co..and writes a word into the RAM buffer and increments the buffer address. DARAM~
strobes the data. bYte into the tri-sta.te buffer B1-B4 (page BL The trailins edse of DARAM!-, as 
WRAM!, initiates a. RAM-...rite cycle. The cvcle is composed of two overlaPPins Periods: WRAM- and 
DRAM-. WRAM- is i.PPlied to the RAM chips, Stllitchin! theif" outputs to the hi!h-iaPedi.nce state. About 
125 ns: later, DRAM- enables the di. ta buH er, aPP 1 vi ns the data b·tte to the 110 Pins of the RAM. After 
WRAl'I- ends, DRAM- stavs a.ctive for· about 50 ns, to satish' the di.ta hold requif"e.ents of the RAM. The 
RAM address counter- is incremented at the end of DRAM-. A selector channel W""ite sequence looks the 
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sa.me a.s a. fa.!t sequence of ~ DEV1 comma.rids. 

CHECKSUM REGISTER (C) 

The checksum r-uister is ini ti.illy reset to zero bY RSTCS!-. Ea.ch time a. word is rea.d from or written 
in the RAM1 it is a.I so 'added' to the checksum rui ster bv beins exclusive-ORed with the Prior con
tents r-c1ta. ted three bi ts a.nd with one bit of the Prior contents (CSOO> inverted. The checksum 
rui st er is r~d with a.n RH DEV c~nd. 

Th~ SMC-90~: a.dds two bytes a. t a. time to the checksum rui st er in a. a.inner COllPa. ti bl e "'i th two 
sucr.:essi ve bytes in the TDC803. 

READ FROM DISK TO RAM 

A r~d is re~uested i.fter resetting the RAM address, settins a. byte count, and issuins a. read commu1d, 
t1.1hi ch sets RREG!. When the disk hi.s finished a.ny Pending seek (QNCYL> a.nd the re1uested sector tti.s 
beer! found (SEC=), the tra.ilir19 edn of the sector Pulse sets RSF (read sector found, Pue AL The 
read commu1d resets the buffer resister. RWREQ en.ibles the control tu and the head-sehct bus line. 
RSF enables the reit.d scte bus line after a. delay to allow for mechanical tolerances. ~fter the dela.v, 
a search is started for the read SYnc Pa.ttern <X'.A9·'). The Pattern is detected bv the sa.te E5 (Pue 

B>. Data bits are shifted into the read shift ruister D2 & D4 bY the disk/s clock. When the sYnc 
mark is found, the next bit clock turns on RSYNF <read sync found), which in turn enables the bit coun
ter. At the last bit of every bYte (ha.I hJor·d>, the bit cour1ter H12 tenera. tes BIT15, 111hi ch causes the 
tri-sti.t.i: buffer C1-C4 to be loaded with the new bYte a.t the next bit clock. BIT15 also sener.ttes 
WRAM ~, arid the netJ.1 hil f1J.1ord sets written into the RM a.s for WH DEV1, described a.bove. When the bvte 
count is satisfied, WCUP turns off RREQ, ~hich turns off RSF, which turns off RSYNF. BUSY is a.lso 
turned off. The Protr-a.m ca.n no111 reset the RAM address counter a.nd read the data. from the RAM with 
RW s or the selector chanr1el. 

The byte c:ci1Jrit sPeci fi ed b1· the softwa.re must be even. 

WF:ITE FROM RAM TO DISK 

A write is ini t1i.ted si1J1ila.rlY to a. read. A deli.Y <WDLAY-> is enforced between WREQ a.nd WSF to a.llow 
the head-select to st•biliie before turnins on the write 9ite. WSF is a.lso sur-r>ressed H the disk"' s 
re~d-onlY .status line is a.ctive. WSF (write sector found> ena.bles the bit counter a.nd the write scte 
b1js line. EverY 8 (16) bits, BIT15 ca.uses another bYte to be clocked into the write shift ruister CC. 
~ CS on Pii'e B and the RAM i.ddress to be incremented. The di sk-suPP 1i ed bit clock shifts the di. ta 
serially out to the disk. OnlY one of the ldri te data drivers is enabled a.t any one time. 

ERRORS 

T1J.10 errors a.re directly detected bY controller losic. OFLO is Ci.used by the occurrence of " sector 
lfti.rk durin' a reiid or write before the bYte count is counted doom to iero. This is 9enera.llY due to 
failure to detect the read sYnc M.rk, to imProPer drive sector· jumperint, or to an excessively hish 
bYte count. TIMEOUT is senera.ted when a. re,uested oPera.tion <read, write, or- seek> is not COlflf'leted 
11.1i thin 2-3 seconds. For· exi.lf1f'le, TIMEOUT would be tenera.ted if a. write were a.ttetuted on a. read-onlY 
drive. This wo•Jl d be considered a. software er-r·or, si nee the Prora.m should hive checked the rea.d-onlv 
status bit before requestins a. w-i te. 

BOor;TRAP (A) 

HARDWARE DESCRIPTION 7. 2 



- S " C 9 0 3 R E F E R E N C E " A N U A L -

Closing the bootstrap cont.cts (J3) after SCLR causes sector O, head O, cvlinder O, drive 0 to be read 
into the RAM. Once the bootstra.P is trissered ind drive 0 is ~YL, BSPHD Pulses ind ttrns on BSRTZ. 
These signils a.re sent to the drive to cause i recalibra.te to cvlinder O, and to reset the head ad
dress re!i~ter. When ONCYL- hi.PPens as a result of the recilibrate, BSRD- causes RREQ, and a nortr1al 
read ensues. A bYte count of 4096 is iaf'lied bv the resettin! of the bvte counter, so i sector 
overflo1.1.1 WFLO> usudh· causes WCUP. The a.utoloa.d command issues BSP2!- ind BSP2!- resets the byte 
cour1ter-, the RAM address counter, and OFLO. The autol ~d ins true ti on then reads the RAM contents into 
memory stir-ting a.t locatil)n 0080. Since the a.utol~d is a bvte-oriented instruction, sPeciil 
Provi siorr must be ti ken with the St1C903. See the OS/16 and OS/32 bootstru in the f orllli. t ter for ar1 ex
a.mF" le. 

CPIJ a.nd DRIVE 

An und~~st•nding of the oPtrition of both the CPU ind the drive is necessary to thorou!hlv understan
ding the SMC90:3. Read chiPter 5 of the I nterda. ta User·' s t\\nua.l .ind the uPror>ria te drive reference 
mir:ual. More CPU informa.tion can be found in its Maintena.nce M"nua.l. 
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MCT SMC900/TDCSOO SERIES DISK FEATURES 

COLUMN HEADINGS 
TP Cd Disk specification type code used by formatter Pro9ram. 
Mf Manufacturer of disk drive. 

CC Calcomp CD CDC MX Memorex AK AmPex 
MD Micro Data. OK Okidata FJ Fujitsu KN Kennedy 

Model Disk drive lflodel; name and unf'orrr.a t ted si2e in f1esabvtes. 
RMV indicates a removable Pack in a dual medium drive; 
FIX indicates a f'ixed Pack, or fixed heads. 

Hd Number of' usable recordin9 surfaces <Heads>. 
CYl Number of' cYli nders <Seek Positions>. 
Pm Bt Number of null bytes and sync code which Preceed the sector da.ta. 
Bytes Track Number of' bytes Per unformatted track 
The foll owi n11 a.re reported for 2 standard sector da. ta. si 2es. 
Ovr Hed Number of non-da.ta. <over head> bYtes required Per sector. 
NSC Number of' sectors Per track .. 
Si2e MBts Total disk ca.Pa.city in Me9a-8Ytes. 
SSIZ Number of' bytes actually allocated to each sector. 

To comPute the para.meters for non-standard data si2es Proceed a.s follows: 
1> Compute MSIZE the minimum required sector si 2e: 

Add the 'Ovr Hed' Per sector to the desired data. bYtes Per sector. 
2> Compute NSC the number of' sectors Per track: 

Divide "Bvtes Track" bY MSIZE, di sea.rd anv re11'1ai nder. 
3> SSIZ is found by dividing "Bytes Track' bv NSC. 

SSIZ, or a simPle modification of it, must be set in switches or bY 
straPPi ns in most disk drives. 

DISKSIZE <11/01/78l 



MCT SMC900/TDCSOO SERI: ES DJ:SK FEATURES 

l----NOVA-------11--INTERDATA---I 
I 512 Bvtes/Sect II 256 Bvtes/Sect I 
I II I 

TP Pm BYteslOvr Si2e I IOvr Si2e I 
Cd Mf Model Hd Cvl Bt TracklHed NSC MBts SSIZllHed NSC MBts SSIZI 
---------------------------~---~----------------~~==-~~-----------------

1 CC T25 5 407 38 13440 60 23 24. 0 584 58 42 21. 9 320 
2 CC TSO 5 815 38 13440 60 23 48. 0 584 58 42 43. 8 320 
3 CC TSO 5 815 SS 20160 86 33 68. 9 610 84 59 61.5 341 
4 CC T200 19 815 38 13440 60 23 182. 4 584 58 42 166. 5 320 
4 MX 677/200 19 815 38 13440 60 23 182. 4 584 58 42 166.5 320 
5 CC T300 19 815 58 20160 86 33 261. 6 610 84 59 233. 9 341 
6 CD SM/40 5 411 58 20160 86 33 37. 4 610 84 59 31. 0 341 
7 CD SM/150 19 411 SS 20160 86 33 131. 9 610 84 59 117. 9 341 
8 MX 677/100 19 411 38 13440 60 23 . 92. 0 SS4 58 42 84. 0 320 
9 MX 601/25 4 350 22 17920 40 32 22. 9 560 38 60 21. s 298 

10 MX 601/50 8 350 22 17920 40 32 45. 9 560 38 60 43. 0 298 
11 MX 601/75 12 350 22 17920 40 32 68.8 560 38 60 64. 5 298 
12 MD REFLEX/12 2 350 22 17920 40 32 11. 5 S60 38 60 10.8 298 
13 MD REFLEX/37 6 350 22 17920 40 32 34. 4 560 38 ... 60 32. 3 298 
14 MD REFLEX/62 10 350 22 17920 40 32 S7. 3 560 38 60 S3. 8 298 
15 CD SM/80 5 823 SS 20160 86 33 69. 5 610 84 59 62. 2 341 
16 CD SM/300 19 823 58 20160 86 33 264. 2 610 84 59 236. 2 341 
17 OK OKIDATA/12 2 339 32 18560 60 32 11. 1 S80 58 59 10. 2 314 
18 OK OKIDATA/24 4 339 32 18560 60 32 22. 2 580 58 59 20. 5 314 
19 OK OKIDATA/37 6 339 32 18560 60 32 33. 3 580 58 59 30. 7 314 
20 OK OKIDATA/49 8 339 32 18560 60 32 44. 4 580 58 59 41. 0 314 
21 OK OKIOATA/61 10 339 32 18560 60 32 55. 5 580 58 59 51. 2 314 
22 OK OKIDATA/74 12 339 32 18560 60 32 66. 6 580 58 59 61. 4 314 
23 CD MMD/12 2 320 SS 20160 86 33 10. 8 610 84 59 9. 7 341 
24 CD MMD/25 4 320 58 20160 86 33 21. 6 610 84 59 19.3 341 
25 CD MMD/82 10 411 58 20160 86 33 69. 4 610 84 S9 62. 0 341 
26 FJ 50MB 3 815 28 20480 46 36 45. 1 568 44 68 42. 6 301 
27 CD CMD-RMV/16 1 808 58 20160 86 33 13. 7 610 84 59 12. 2 341 
28 CD CMD-FIX/16 1 808 58 20160 86 33 13. 7 610 84 59 12. 2 341 
29 CD CMD-FIX/48 3 808 58 20160 86 33 41. 0 610 84 59 36. 6 341 
30· CD CMD-FIX/80 5 808 58 20160 86 33 68.3 610 84 59 61. 0 341 
31;AM 160MB s 1645 58 20160 86 33 139. 0 610 84 59 124. 2 341 
32;CD MMD-FIX/.9 ,4 12 58 20160 86 33 0. 81 610 84 59 0. 72 341 
33 CD MMD-FIX/ 1 5 10 58 20160 86 33 0. 84 610 84 59 0. 76 341 

·34 CD MMD-FIX/2 5 20 58 20160 86 33 1. 67 610 84 59 1. 51 341 
35 KN 5300/14 1 700 58 20160 86 33 11. 8 610 84 59 10. 6 341 
36 KN 5300/42 3 700 SS 20160 86 33 35. 5 610 84 59 31. 7 341 
37 KN 5300/70 5 700 58 20160 86 33 59. 1 610 84 59 52. 9 341 
----------------------------------------------------------------------

DISKSIZE (11/01/78> 



~3/TOCS03 SUPPLEJ1ENT 

CDC OtD and ltlD Slff'ORT 

Revision FO of the disk <river <TtCDVR32> surrorts Cart.ridte "odule and "ini "odule devices 
(0tD/lt1D>. Since for siaFlicitY all ~sire asseabled to be the saae, a new svsten step is necessarv 
to custoai2e the DCBs for CIUJJltfD device~ These devices ire chiracteri2ed bv beint lo9icallv not 
one. but two devices. C1'ID devices ha.ve both fixed lnd retaov.lble aedia; lttD devices have sPeci~l head
Per-track u-eas. Two ~s exist for etch one of this class of devices. One OCB is norlh\l, and the 
other needs special treataent The sPecial rortions of these crives is accessed bY settin' srecial 
bi ts in the cvlinder ..nd/or head nmbers. Also when two OCBs refer to the sue device, they .ust know 
&bout ea.ch other in order to avoid interference. 

To suPPlY this infOf"'tlttion in the OCBs, "iniCoaruter Technology ~s ..,.itten a Pro,,..aa to •odifY 
OS32 iaa9es (on disk> accordins to special additional inf'oraation in the ClP inrut file. The naae of 
this rro,,-u is •Yr1R•. ~ t..kes u inrut dita tritten on ClP inPut lines s'"ounded bv Htle 
brackets. CtJ> treats this dita u a c011aent Descrirtive inforMtion is Placed on the line con
t..inin9 the device definitio~ 

The first~ u-sument (within the angle brackets> is the device tvpe, as is used by the forllk\t-
ter. The second lr9ument is the naae of' Hother device. If the second argument is 9iven, the two 
OCBs u-e hooked to9ether. Thus for Cl'ID suprort the CUP inrut lines •i9ht be: 

4 Cl'IDF:,074,063,D 
I crmR:.074.063.D 

<1E,CJ'IDR:) 

Note that •CJ1DR:• needs no sPeci~l treatment since onlY the fixed aedi~ Portion of the am (•CJ'tDF:•> 
requires sPecid bi ts for access. 

10/02178 Vl'R903 
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