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~ IJseM IMF.JnJtJms: 

The following is an explanation of the Synools that .,ill be used ttll'OtqlOUt this dOcI.Inent to 
describe the operation of the various firmware COI1I1'a KjS. 

'<I>' : The bracket syntlOls aea:l that the information in::losed within them 
is mandi tory. 

, [I ]' : The square bracket syntlOls mean that the information 1n::losed .,ithin 
then is optional. 

, I' : The vertical bar synmlis used to indicatei:ll alternative or -m­
condition. For exanplel AlB can be thOl.qlt of as -Either A or B-. 

, : : = I : This synDolis used to indicate a definition or equi velence. 

I ~ } I: curly brackets are used to denOte conmennts. 
. 

'.1 : The plus sign is used as an addition synool or logical orling. 

1$' : The dOlar sign is used to irKJicate that a value is radix 16 {in other 
.,ordsl tile ruItler is in hexadecimal}. Values that are not preceded 
by 1$' are asst.lllBd to be decimal. 

'NLl.L I : This key word indicates the enpty setl or in some cases the fact that 
the function wrose value is NlLL CCfl be ignored. An exanple is: 

Argle_Bargle : : = <tU..l> 

Essentially you can forget that Argle_Bargle exists for this context. 



D:JIII1a?d 1)pes: 

Widget conmands are broken ~ into 3 categories: 

1. Profile COIlIIS'lds 

These conmands are used enulate a ProFile mass storage deVice and provide 
for dOwnward coopatibi 11 ty . 

2. Oiag'lOstic CClIIIB"DS 

These cormands are used to seperate the various SlbfLl'lCtions of the 
dri ve and prov1de a means to troti)leshoOt a Widget .1 thout tile controller 
of performing any retrying of 1 t • 5 own. 

3. System COI1IIB'lds 

These conmands are used to operate a Widget at it' s maxinun efficien::y . 
Blocks are trcnsfered logically in a nultiple block fashi~ ~ to 
255 blocks. 
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PrtFJle CtMWB7ds: 

Widget 1s des1gl8d to be backwards conpatible with the current ProFile Driver, in2 to that end there 
exists the three ProFile System WlllandS {Read, write, 8ld Write_Verify} within the firmware. 

qJcode 

SOD 
SOl 
$02 

Definitioo 

Reaj Logical Block 
WI'i te Logical Block 
write_Verify logical Block 

The three Profile cormands behaVe in exactly the selIE faShion as ao the correspondi~ instructioos 
on ProFile, with one small exception: the Read Logical COIIIIa1d does not incll.KJe information 
concemi~ Retry Ccult or Spari~ threShOld {rowever, because of a side effect in the way that the 
Host/controller interface was deSig'l8d, the Host my write as many conmand bytes to the controller as 
1 t chooses. The controller will ooly decode the first four . }. The form of each coollSld is: 

<$00 1$011 $02> <3 byteS of Logical Block Addresv 

There are two 'special' logical arldress defined in the ProFile protocol, I18IIEly SFffFfF {-1} CI1d 
SFFFFFE {-2}. Logical address (-1) returns as it's value Device_IO {as explained U'lder the section 
titles Oi8C}1Ostic COIlllandS} 8ld logical address (-2) returns as it's value Widget's spare ~le 
structure in it's raw form. 

It shOUld be noted that if at Bl7Y tJneWidget can not pass it's self test that it will refuse to 
.:xlIJI1U'licate via logical COIIIIands {bOth ProFile and System type conmands}; Widget will respond to 
01al}1Ostic COlilliands at all t1nes, rowever. 

The rest of the WIIIB""IiS available on Widget are a ~lete departUre from the way that ProFile was 
1nplenented. The new form of iMly COI1I1Sld is: 

( <CoIiInand _ Byte> 
<Instruction_Byte> 
[Instruction_Parameter] 
<DleckByte> ) 

COnmanc1.ength_Nibble :: = <Ccult of all the bytes in the conmand stri~ MJT 
includi~ the first one. For eXillple, the COIIIIBIld str~ to read 
Device_IO is: ( <$12> <$00> <SED> ). The conmandlength_nibble in this 
case is2.> 



01ag1Ostlc_Conmand ::= ( <Read_IOI 
Read_Controller_Statusl 
Read servo Status I 
Send-Serw-CDllia K21 S8nd:Seekr 
SencCRestore I 
set_Recovery I 
Soft_Reset I 
5endJ>cirkl 
OiaQ.... Read I ' 
Oi8Q..,.Reaclieader I 
018Q....Writel 
Auto_Offset I 
ReactSpareTable I 
wr1te_SpareTablel 
Format_Trettl 
In1tia11ze_SpareTablel 
Read_Abort_Stat I 
Reset servo I 
Scan>1 

InstructiorU)arareter :: = { This value is 1nstI'\£t1on depelldent, end w111 
be formally defined at the sane tine as the 
1ndividUallostructions} 

CtleckByte : : = { Th1s byte 1s the ones-conplenent of the Sl.I1I, 1n tIl)-256 
ari thrIetic, of all the bytes 10 the 1nstruction string 
JncludJngtte CDlliknCByte. } 



Dll1fTlOSt1lLt:tI ntis: 

..,idget· s personality, or marner in W'aictlit behaves in a specific Host environnent, can be ttlCqlt Of 
as I1avi~ two distict parts: 1) that portion that is dictMed by the hardware fnj 2) that portion that 
is controlled by the firmware. As trite as that last statement may seerT\, the fact remains that the part 
Of Wictget that is the I'lardware is rotr easily IIDldeCf to ampt to different conditions. TIle selie is 
true, but not quite in the sane mamar, for the firmware: the code is locked in a f01 Of sane sort CIld 
costs a lot to ctalge. How then CCI'lWidget's -personality· be challged {on-tre-f1:y} to ·adapt- to a nel 
environnent? The answer in thjis case .as to architect the firnme in a layered faShion: bUild the 
intelligeroe required to q:Jerate Widget in it' s rDl'IIBl system IIDde from a pool of discrete, pr1m1 tive 
fll'lCtions; these primitive fll'lCtions having just one specific taSk that they are capable Of 
COIIllleting. The ~lication of this architecture is that ,i th very little effort these sane prim1tive 
fLl'lCtions are available to the Host system. 



Read ID· 

Read 10 : : = <$00> 
Instnctionyaraneter : : = <N.l..L> 

-

Th1s d1agnost1c conmand requ1res Widget to deliver to the host sane device spec1fic information. 
The structural layout of the data returned is: 

STRlCTlR: Identity_Block 

This identity block is defined by the data structures contained within it; you will rote, mwever, 
that a corment is given explaining the type of structure for a given element cnl ~ of byteS - if the 
structure is thot.qlt of as a linear array of bytes - that 1rclLlie the structure. An exarple is 
NaneString. It is a 13-character asc11 string, cnlis located in bytes $O:C. 

NameString :: = <u:te_Nane I 
2(HtNclleI 
4H_Name {13 bytes/$O:C; Ascii String}> 

10t13_NcIne ::= <'Widget-l0 '> 
2(JftNane ::= <'W1dget-20 '> 
4H_Nane ::= <'Widget-40 '> 

Oevice_ Type : : = <Device. Widget+lidget .S12e+lidget. Type {3 bytes/SO:F}> 

Device.Widget ::= <$0001 {2 byteS/SO:E}> 
Widget.Size ::= <Size_l0ISize_20ISize_40 {4 bits, byteSFlbits 7:4}> 

Size 10 : : = <$00> ' 
S1ze-20 ::= <$01> 
Size: 40 : : = <$02> 

Widget. Type : : = <System I Di8lJ'Ostic I AppleBus {4 bits, byte SF Ibi ts 3: O}> 

System: : = <$00 {parallel mst interfCEe}> 
Diag'lOstic :: = <SOl {development use only}> 
AppleBus : : = <$02 {serial mst interfCEe}> 

firmware_Revision::- <{2 byteS/$10:11}> 

capacity : :. <cap_l0 I CcIp_20 I C8p_ 40 {3 byteS/$12: 14}> 

cap_IO ::= <SOQ4COO> 
C8p_20 : : = <$009800> 
C8p_ 40 : : - <$013000> l 1\ lJ .~<~.'" 

Bytes_Per_Block: :=<532 {2 byteS/$15: 16}> :7b '2.~' .,t!' 

tt.IItJer_Of_Cylin:iBrs ::= <Cyl_l0ICyl_20ICyl_ 40 {2 byteS/$17:18}> 

./ 



Cyl_lO : : = <5llp {J '1 0 "t.­

Cyl_20 : : I: <514> 
Cyl_ 40 : : = <1028> 

N\.I1t)er _ Of_HeadS : : = <2 {I byte/$19}> 

tUtler_Of_Sectors ::1: <Sctr_10ISCtr_20ISCtr_ 40 {1 byte/$1A}> 

Sctr 10 ::= <19> \), 
SCtr:20 :: = <38> o~ .... 
SCtr 40 :: = <38> (' ;, 

- I,! .J 

tut:Jer_Of _Poss1ble_Spare81ocks ::= <$OOOO4C {3 byteS/$1B: 10}> 

tt..mJer_Of_SpareBlOCkS ::= <{3byteS/$1E:20, ~ O .• $48}> 

ttIItJer_Of_BadBlOCkS ::= <{3bytes/S21:23, range O •• $4B}> 



Read Controller Status - -
ReactCOOtroller_Status ::= <$01> 

Every tine 81 operation conpletes {nonally or abnonally} lidget will return Sun:Jan:CStatus. 
This allows the Host system to Change it • s flow of execution based on the state of the value returned in 
the Status. Nonally, Standan.CStatus is all that is necessary to ensure contiruous operation. In the 
exceptional case, or When the Host system is enulattng the controler' s fLllCtions, acJdi tional 
infonation concemi~ the state of lidget is mandatory: without it the Host sinply could not make an 
optinun chOice in cJecid~ a course of action. 

Controller_Status is then a necns for the Host system to interrogate lidget further. Each Status 
{with the exception of Abort_Status, WhiCh is a seperate conmancJ a1d is discussed later in this 
ttowrent} bel~s to a tomgeneous data stI1£ture: r&lEly a four byte qIS1tity contain~ a bit map 
representing the various exceptional concJi tions tttyat are available as the first four byteS read from 
the controller ~ conpletion of the current COIlIIS Id. 

There are ei~t status' available to the Host system. The Host requests a specific status by setti~ 
the InstI1£tion_ParillEter to the value corresponcli~ to the status needed. 

IF (InstI1£tion_Byte = ReacJ_Controller_Status) 
Tl£N Instruct10rLParaleter ::= «StandarcCst8tusl 

last_logical_Blockl 
current_Seek_AdcJreSS I 
ClJrrent_CyU.roer I 
Internal_Status I 
State_Registers I 
Exception_Registers I 
last-SeeK_Address»~ 

The four byte response to each of the above status requests is of the form: 

Status_Response::= «Byteo> <Byte1> <8yte2> <Byte3» 

t1Jep ¢c OS \l tfA q3 

cp q ¢Z qtr.- ¢r 
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By teO : : = (t B1 t7: Other thcrl $55 respoose from Host 
(;B1 t6: Write Buffer overflow 
~B1t5: {not used} 
i~ Bit4: {not used} 
c B1t3: Read Error 
: B1 t2: No Matctling Header FCUld 

.. ~ B1 t1: servo Error '- -
i BitO: Operation Fa1led > 

By tel: : = < B1 t7: {not used} 
B1 t6: Spare TCiJle overflow 
Bi t5: 5 or Less Spare BlOCkS Available 
BiU: {not Used} 
B1t3: controllerselfTest Failure 
B1 t2: Spare TCiJle has been ~ted 
B1 t1: seek Error I 

B1 to: controller Aborted Last ~ration > .1 

Byte2 : : = < B1 t7: First Status Respoose since Power-On . 
B1 t6: Logical BlOCk. t«.IrDer rut of Rcrlge . 
Bit5:0: {not used}> 

Byte3 : : = < B1 t7: Read Error Detected by Ecc circu1 try ~. 
B1 t6: Read Error Detected by ere circuitry,­
B1 t5: Header t1leout 
B1t4: {not used} 
B1t3:0 : NlJlDer of l.IlSl£Cessful retries {out Of IO}> .. 
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Last_logical_Block : : = <$01> 

By teO : : = {oot Used} 

By tel: := <tDst S1!1l1fiCCl1t Block Address> 

Byte2 : : = <Next Most Sign1 f1C3lt Block Address> 

Byte3 : : = <least S1911 fiCCllt Block Address> 
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current_Seek_fO:tteSS : : c <~ 

ByteO :: = <ft)st Si~i fiCCl1t Cylinder AdCJress> 

Bytel: : = <Least Si~i fiCCl1t Cylinder AdCJress> 

Byte2 : : c <Head AdCJreSS> 

Byte3 : : = <sector AdCJress> 

(') 

L 

s 
~ 



'~3 
n.trrent_Cyli.REr : : = <$OK> 

ByteO : : I: <tDst S1c;J11 f1cant Cyl1n:1er Address> 

Byte1: : = <Least S1c;J11 fit31t Cylinder Address> 

ByteZ : : = <Head AcXIress> 

Byte3 : : = <sector AcJdress> 
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Internal Status : : c <$04> 

8yteO ::a <81t7: Recovery~ 
81 t6: Spare Table Almst Full 
81 t5: Buffer Structure is Contaminated 
B1 t4: Power reset has just occured 
81t3: Q.rrrent stcnmrd Status is non-zero 
B1t2:1: {not used} 
81 to: controller LED is on> 

Byte1: : = <B1t7: 0",-Track . __ 0 _ -

B1 t6: Read Headers after data recal . 
81 t5: Q.rrrent operation is a write operation 
B1 t4: Heads are parked 
81t3: 5equent1allOOk-ctIead table search 
B1t2: {not used} 
81t1:Seek_Complete 
B1tO:Auto_Offset1sON> 

~~ 0 
I 

o 
o 

o I 

2 

Byte2 ::= {this status is valid MV after a ProFile or SystemCOlmald} 
<81t7: Seek Needed 0 

81 t6: HeacCDla1Qe_Needed I 
B1t5:2 {not Used} ·0 
81 tl: OJrrent block is a BAD bl~ 
81 to: Q.rrrent block is a SPN£ block> 

o 



StateJ~isters : : = <$OS> 

ByteO : : = {not Used} 

Bytel: : = <Bit7: RcllLFailure ' 
Bit6:Eprom_Failure 
BitS:01sk_Speed_Failure 
Bit4: servo Failure --a 1 t3: sector Ccult Failure 
~i t2: State i1achine failure 
Bitl:Read ir1te FaIlure . 
B1tO: No_sPareTable_FOlXld>-

Byte2 :: = <Bit7: D1sk Read/-Wr1te 
B1 t6: S10Rdy 
BitS: Msell 
B1t4: MselO 
Bit3: Bsy 
B1t2: CIJ(j 
Bitl: EccError {active low} -
BltO: Start {active lOw}> 

Byte3 ::= <Bit7: crcError {active low} ~. l 

Bit6: Write_Not_Va~id {active low}" F_ 
Bi tS: ServoReady t" - -
Bi til: ServoError ,t', 
B1 t3: 0 : CUrrent state of the state-machine> o 
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Elct:epti(l",-,~eg1sters : : I: <$06> 

ByteO : : I: <B1 t7: Read error 
B1 t6: servo error ... Ue reading 
B1 t5: At least one successful read 1n last retry ~ 
B1 t4: Header T1meout 
B1 t3: crcError or EccError 
B1t2:0: {not used}> 

By tel: : = <B1 t7 : : I: EccError 
B1 t6 : : = CrcError 
B1 t5 :: = Header Timeout 
B1t4 ::= {not used} 
B1t3:0: {rulDer of bad retr1es out of 10}> 

Byte2 : : = <81 t7: Wr1 te Error 
B1t6: servo Error ... 11e wr1ting 
B1 t5: At least one sucessful wr1 te 1n last retry sequence 
B1 t4: Header TiEout! 
B1t3:0: {not Used}> 

Byte3 ::= {rurDer of bad retries out of 10} 

~lTe. I 

~1T£- 2-

P,"{ ~ IE '3> 

o 
l 

5 
7 

0 
l 

o 

o 

o 

2 
o 
Cj 

C) 
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'Read Servo Status 
Recm_ServD_status ::= <$02> 

InstructionyarCl1Eter ::= <0 .. 8> 

- -

This status CClllla1d is used to interrogate the servo Processor in IUCh the sale way tnat 
Read_COntroller_Status is used. In fact .. the form of the result 1s the sane four byte-mapped quantity. 

This conmand is of the particular value to 8 dUqlost1cien that 1s interested in • scop~-out' the 
servo subsystem. 

A IIDre corrplete description of the servo CCllllalds can be read 1n the docuIent titled -Widget Servo 
FLI"lCtional Objective- written by Jim Reed. 
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Send Servo Cornrnald - -
Sem_Serw_CCMilali::= <$03> 

Instructlon_Paraaeter ::= (<Byteo> <By tel> <8yte2> <8yte3» 

Nonnally, the Host w111 allow the controller to manipulate the serw processor in order to perform 
useful ..ark. For exalq)le, let' s Sl4lPOS8 that the ~t system wich9s to Il0\l9 drive' S hQQds from eng 
track to another. U1der rJJl'IIBl operating conditions the preferred way to perform this taSk 1s to use 

~tl1e send_Seek COIII11Cn2 {explained later}. I-Owever, the Host has the capaJil1ty to bypass the 
. controller ~ direct the serw processor. IncJeed, the Host CCI1 isS\.E the serw COOlie Id to position 
the heads so that the seek is conpletly tr .. sparent to the controller. The inplication of this CDrIIJSld 
1s that the Host CCIl gain even IDre control of the system if 1 t so ChOOses. 

A fOOre conplete description of the servo COIIIIS'Ids ca'l be read in the doCUnent titled -Widget Servo 
FlIlCtional CIljective- wr1tten by Jim Reed. 

S_CclIIIBId ::= «fsetl 
DiaglOsticl 
DataRecall 
FormatRecall 
Access I 
Access_Offset I 
Home> 

Offset :: = <$10> 
DiaglOstic : : = <$20> 
DataRecal : : = <$40> 
FormatRecal ::= 470> 
Access : : = <$80> 
Access Offset :: = <$90> 
Hone : :-; <SeD> 

S_D1rect1on ::= <Posit1velNegative> 

Positive::= <$04 {towards inside d1l1ieter}> 
Negative : : = <$DO {towardS outside dianeter}> 

H1J18gli tude : : = <0 •• 3 {move heads 1n nul tiples of 256}> 

By tel: := <Low-,"a~litucJe ::= 0 •• 25S> 
{note: Hi_~itu1e, Low_lIIa!Jlitude, 8ld S_D1rection establish 
the ,"18t1~istalCe the heads RUSt move to arrive at the target 
trca} 

Byte2 ::= <Offset_Direction + Auto_Offset_SWitch + Offset31a91itu:le> 

Offset_Direction: : = <Positive I Negative> 

Positive::= <$80 {towards outside U1ateter}> 
Negat1ve ::= <SOD {towards insidedialeter}> 
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Auto_Off set_Switch ::K <~ICFf> 

~ : : K <$40 {assert'fine posi tloni~}> 
tFF :: K <$00> 

Offset_t1aQn1tude ::= <0 •• 32> 

Byte3 : : = <Baud_Rate • PowerJ)l_Reset> 

Baud_Rate::= <19.SkJ~audI57 .6k_Baud> 

19.5k 8Ul ::=<$00> 
57.6k)SJd ::= <$80> 

Power J)"L Reset :: = <$40> 
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Send Seek -
SerI1 J!~eek : : = <$04> 

InstI1.Ct1a'LParclleter : : I: (<H1Cyl> <LOCyl> <Head> <sector> ) 

Widget • s send_seek COOIIa1d allows the ttlst system to place the heads over 81y trD on the disk. The 
value of the seek address 1s sent as the Instruction_Parameter, and each panJ'lBter is a byte in length. 
For e~le, for the Itlst to seek to (cylinder 1, Head 0, sector 18) a seek COI1II5RJ would be issueclwitn 
the following InstructionJ)araneter: ($0000, $00, $12). 
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Send Restore -
8ero_Restore ::= <$05> 

Instructionyarareter ::= <DataRecalIFormatRecal> 
DataRecal :: = <$40> 
FormatRecal ::= <$70> 

The send_Restore COIIIIB Id is used by the ItJst to initialize the servo processor iIld to put the heads in 
a known location. This COI1IIBI'ld is the sane as performing a DatalFonnat Recal except that the 
controller &.plates it' s internal state to sx;QLflt for the new servo position. 
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SetJea~!I : : = <$06> 

Instru::t1on_Parareter ::= ~ICFf> 
cw ::= <SOl> 
OFf :: = <$00> 

-". "-
The exception tIcn1l1ng charaCteristics of Widget approxinBte a binary set: ei tiler Widget hCn:Iles 

everything, or the Host system does. The COIIIIBI'ld 'Set_Recovery' is the Host's link with this protocol 
in tnat it is thI"OLql this instl'\£tion that the Host can gain control of tile REdia. h!n Widget cones ~ 
after being reset, it asSUReS control and sets Reco~yto be (111. The Host system DUst overtly ctslge 
this state if it wishes to enulate a different exception 1vnS11ng criteria. O'a Recovery is (Ff, the 
controller will always fall in an operation if an exception occurs: the Host /lUst asSLll1e 
respoosibility for Pil error hcntling. 



SOft-,~set : : I: <$07> 

Instruc:tlonYaraneter : : I: <N.LL> . 

Soft Reset -

This COIIIIBlId instn..cts the Widget fil1llW8I'e to restart its flow of execution at its initialization 
point. The results shoUld be tne SCIIe as a po.ar reset. 
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send_Park : : = <$08> 

InstnctiCl1_Paranter :: = <N.l.L> 

Send Park -

When the itlst issues a Send Park. COl1Ila1d to the controller the results are that the heads are noved 
off the data surface Wld held very near the inside dianeter craSh stop. The difference bet..een th1s 
COIII1Si1d cnl the SencI_Servo_tbliliaild: HonE, is that Hone 1s perfOraed 'open-loop' _1tn the crastl stop as 
1ts reference point, ... 11e Sei1dJ>cm< 1s ~ access conmand to a spec1f1c track. The net result 1s a 
fairly hefty savings of t1ae. 



Dilq.Rea2 : : = <$09> 

Instn..K:t1on_Paraneter ::= <N..LL> 

the DiatLRead COIIIIBOO is used to read the block on the disk pointed to by the last seek address. the 
form of the returned data is exactly the same as that of ProFile_Read or Sys_Read 10 that 4 byteS of 
S'tcnmd_Status precede the block of data. 
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0189.-Recdteader : : = <$OA> 

Instn..ction_Parareter ::= <Sector> . 
lIhen the heads are positioned over ~l..I'1krown location, or when it is suspected that a block ts hea.ter 

is shot, it is time to use the Oi8lLRea«lieader conmand. This instruction allows the hOst to tsuck-t.4)t 
both Whatever information is residi~ in the block t S heatter field as well as the data from the block. 
The form of the result 1s: 

Resul t : : = «Header {bytes/$OO: OS}> 
<Gap {bytes/S06:OC}> 
<Oata{bytes/SOO:21F}» 

Header: : = «HiCyl> <Lo.cyl> <HttSct> <-H1Cyl> <-LOWCyl> <-HttSct» 

HiCyl : : = <Most signi f1cant byte of cylinder adOress> 
LoWCyl :: = <Least s1'111 ficant byte of cylinder adOress> 
HdSct :: = <Bit7:6 : Head attdress 

Bi t5 : 0 : Sector attttress> 

-HiCyl : : = <oneS-~lenelJ;t.of H1Cyl> 
-LoWCyl :: = <ones-conplemet'lt of LoWCyl> 
-HttSct : : = <ones-~lement of tttSct> 

Gap :: = <$00> 



Dl8Q...lrl te : : = <$06> 

Instructlon_PaI'ClEter ::= <N.U.> 

Di89-Write 

This instruction allols the ttJst to l1'ite a blOCk of data to the location on the disk pointed to by the 
last seek address. D189..Wr1te 1s valid for all states that the controller may wid ~ 1n, but 1s 
reconJ1ellded that a Senc:t8eek COIIIISld precede the l1'ite CCI'IIltL:I'lj to ensure that the correct blOCk will 
be l1'i tten. 



Page 28 

Auto_Offset::= <SOC> 

Instructlon_Parateter ::= <N.LL> 

Auto Offset -

This COililand is used by the ttJst to fine-position the heads after they are on-track. The art.o_offset 
fLl'lCtion can also be inplenented by using the 5end_servo_COImald instruction; the difference is that 
the controller will ~te sone internal information {renerrber~ servo COOJ11injs are tICllsparer1t} as 
.ell as select the correct head to offset off of {the Widget system uses IIead 1 only for fine 
posi tiooirY;;J} . 



Rea:2J;pareTeble ::- <$00> 

Instl"l.Ctlon_ParCllleter ::= <N.l.L> 

Reading {and writ~} the 11dget·s sparetcmle is Sl absolute lUst for difqlOstic purposes, cn2if 
the ~st wishes to eaulate the controller. 'The result of this instruction is ic:Jentical to perform1~ a 
Profile_Read from block -1 {SfffffE} iRS has the fotal: 

Result::- «fence {byteS/SOO:03}> 
. <Rl.nfUIt)er {byteS/$04: 07}> 

<format_Offset {bytelS08}> 
<Format_Interleave {byte/$09}> 
<~r_Array {byteS/$OA:89}> 
<SpareCou'lt {byte/S8A}> 
<BcKElockCOl.nt {byte/S8B}> 
<BitMap {bytes/S8C:95}> 
<Heap {bytes/$96: lO5}> 
<Interleave_Hap {byteS/S1C6:tD8}> 
<OleckSUll {bytes/S1D9: lOA}> 
<Fence {bytes/S1DB:1DE}> 
<Zone_Table {byteS/S1Of:lff}> 
<Fence {bytes/S200:203}> ) 

fence : : = (<$FO> <$78> <$3C> <S1E> ) 

Rl.rtUlDer : : = <32-bi t integer> 
This integer is incremented once each tine the spare table is written to 
to the disk.Because t.o copies are kept on the the di~ the ~rJs 
used to 1roicate Which is the mre recent Of the two, should bOth 
copies not be ~ted. 

Format Offset::= <0 •• ft.IItlerOfSectors> 
Format_Offset is the I'UICler Of physical sectors there are from index 
mark t.rltillogical sector O. 

Format InterLeave::- <0 •• 6>-
This ruttler is the interleave fa::tor for this disk iJ1d is used in 
calculat~ .mere each of the logical sectors are relative to actual 
sector locations. 

HeacPtr_Array : : = <ARRAY [0 •• 127] Of Hea:Ptr 

HeadPtr : : = <Nil +Ptr> 
Nil : : = <$80 {if Nil the end-Of-chain}> 
Ptr :: -= <$00 •• S7F {axtress Of next elenent}> 

A Ptr is a 7-bi t structure that • points' to a 
specific location within the Heap. To arrive 
at the actualinciex value within the Heap, the 
Ptr RUst first be IUltipl1ed by 4 {the l~ 
of each elenent}. 



When a disk is fornetted 8"D bei~ written to for the first time .. ecEh logical block is assi~ the 
first avallable physical block on the disk. Therefore you .auld expect that LogicalBlOCk(O) wuld 
~y PhysicalBlock(O) .. L(1) --> P(l) .. etc. There are instcrlces .. oo.ever .. Ihen a block of data arst 
be relocated to EI'laOther space on the disk that does not follow the original progression (for exanple, 
the original space was defective). In order to 'find' these relocated blocks in the future a retXlld 
DUst be kept as to where all these relocated blocks haVe been put. 11"Iis record takes the form of 128 
linked lists haVirg the form: 

HeacPtr[n] --> Linked.1st[n] .. ere n ::= [0 •• 127] 

The algori thin for deciding other or not a log1cal block has been relocated is to extract b1 ts 10: 16 
from the LogicalE,nocktUlDer and use it as Sl1ndex into the HeacPtrArray: 

IF (HeaClPtr[LogicalBlOCkNLlmerlbits 10:16] .Nil) 
1l£N LogicalBlock has not been relocated 
ELSE use HeadPtr[] .ptr to begin searctlirg the Cha1n for a matcta1ng 

elenent {refer to the stI'\£ture of ListElenent for nore detail} 
IF no matCl"lirg ListElement 
Tt£N LogicalBlock has rot been relocated 
ELSE the element pos1 tion 1n the Heap correspondS to the new physical 

block location 

SpareCtult :: = <$00 •• $48> 

Bacl310Ck.ColI1t ::= <$00 •• $48> 

BitMap::= <ARRAY [$00 •• $48] of Bits> 
The bitmap is used to keep a record of wtl1Ch spare blockS are 
OCCt.fJied • 

Heap ::= <ARRAY[$OO .. $48] of ListElenent> 

ListElement ::=«Nil+Used+Useable+Spr_Type+Data_Type> 
<Token> 
<ptp) 

Used :: = <C$40> 
Use~le : : = <$20> 
Spr_Type ::= <Spare I BacE lock > 

Spare : : I: <$10> 
Bac:iJlock :: I: <$00> 

Data_Type::= <DataISpareT~le> 
Data : : = <$02> 
SpareTable ::= <$08> 

Token : : = <81 ts 0:9 of Log1ca1BlOCk> 

InterLeave_Hap::= <ARRAV[O •• 15] of [0 •• tUlDerDfSectors]> 
The InterLeaveJ1ap is used to log1cal re-interleave the dr1ve so that 
W1dget can be lU'l optimally on any system without hav1ng different 
mcnrtacturing or fornetting processes. 

Check_Sl.In ::= <Sl.IIIof all bytes in the spare table from the first feooe to 
beg1m1ng of th1s structure .. in tm-65536 arithmetic> 



Zone_Table::1: <ARRAV[O •• tUrberDfZones) of Zale_Elenent> 

Zone_Elenent ::= <Offset_D1rect1oo+OffsetJ1cg11ttne> 
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Irlte_SpareTable ::= <$Of> 

Instru;tlon_ParCIIEter ::= (<$fO> <$78> <$3C> <$1E» 

1hls COIIIllalId allows the Host to 'force' a new spare table on the controller, end Is executed just 11ke 
My Of the other write COfII1'Slds (data, In this case, tIJST conform to the structure presented In 
Read_SpareTable). The data sent to the controller Is written to the two spare table locations on the 
disk. 



Fonnat Track 
ForEt_Track::- <$(F> 

Instn.a::tion _ParCllleter : : = ( <Format _Offset> 
<Format Interleave> 
<PaSSWoltJ» 

Format Offset::= <0 .• ttJltJerofSectors> 

-

This parameter dictates "'iCh sector {begiming w1th sector 0 - the 
f1rst physical sector after index mark} w111 be logical sector 0 for 
that track. 

Format_Interleave::= <0 .• 6 {interleave factor}> 

PassWord: : = (<$FO> <$78> <S3C> <SlE> ) 

The format COIIIISld 1s used to: 

1. Operate on the track that is currently beneath the heads - this 
inpl1es that the ttlst had best perform a send_seek ald Auto_Offset 
COOI1Sld prior top formatting a tnD<. 

2. PC erase the entire track - this 1Dpl1es that all data stored on this 
track "ill be destroyed. 

3. New headers "ill be layed down in every sector of the tnD<. 



In1tia11ze_~T8ble ::- <$10> 

Instruction_Pararneter::-(<Format_Offset> 
<Format Interleave> 
<passWOld» 

Format Offset::= <0 .. bDel'OfSectors> 
This-parameter dictates .. im sector {begiming lith sector 0 - the 
first ptlysical sector after index mark) lill be logical sector 0 for 
that track. 

Format_InterLeave::= <0 •• 6 {interleave factor}> 

PassWord : : = (<$FO> <$78> <$3C> <Sl.E> ) 

This conmand instru;ts the cootroller to • lipe the slate cle~' 8S far as the SpareTable is 
concerned. The in1 t1al1zed table 1s t4)dated on tne d1Sk . 



Read Abort Status 
Read_Abort_Status ::= <$11> 

Instn.ctlon_ParCIIEter : : = <N.LL> 
• 

- -

ReactAbort_Status will return vaild data only AFTER the controller has aborted (identified by 
Stanctard_statuS.Byte1.BltO}. The form of the result is a 16 byte string, n:J its contents are the 
contents of the controller's registers at the tine of the abort - with the exception of bytes $(E:(I=# 
which constitute the reurn address of the procedUre that called the Abort routine. 
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Reset_servo: : = <$12> 

Instnctionyarcmeter :: = <NlLL> 

Reset Servo -

Reset_servo allows the Host to initialize the servo processor wittn.rt. hav~ to power the deVice 
down. The controller wilLautomatically reset the servo" set the baud rate at 57.61<, and cIleck for 
valid initial conditions. 



SCCIl : : I: <$13> 

InstructionJ>cmlleter : : I: <NJ..l> 

The St3"I Willa Id causes the Widget to read all blOCkS that are wi thin the ICr1Qe of blOCks set aside 
for user data blocks (all logical blOCkS). If Wly of these blocks are bad they will be either relocated 
or narked as bad cnn-elocated on the next write. Ttle SpareTable can be examined before and after a scan 
conmand to find the locations of all bad blOCkS. 



SystB1ll ttJt&a lis: 

System corII'IBlds have been ilq)lenented for essentially two reasoos: 

1. It was inportCl'lt for Widget to add one mre cheCk on the al>IBSY 
handshake: namely the add1 tion of a cheCkbyte following the NCOI .... I1'I-mar~'1d 
strirg. 

2. In order to increase the perf 01 lid ICe of the system wi tI'DJt lIIJdi fying 
the tlard..are it was critical to intJ'COJCe another level of parallelism 
into the Host/COntroller interfa::e. Host of the reacts for a specifiC 
block on the disk are followed by a read for the next logically sequential 
block. 1herefore the corrI1Br'D decodirg 81d checkbyte conparisoo for all 
but the first block has t;»een st4JPreSsed into anultiblock-type COIIIJIinj. 
The inplenentat10n for this COEd parallelism is to serD ill extra 
paraneter ..,i ttl the (f1rst) LogicalBlock 1ndicat1rg the I'UItler of blocks 
to be read sequentially. 



Instroct1on yarateter : : = (<BIOCkCcu1t> <log1calBlock» 

BlockCOlrlt ::= <$01. .SFf> 
This paraneter 1s the rurDer of blocks to be read that follolll 
sequentially fron Log1calBlOCk. It 1s asSll'let1 that one block 
(LoglcalBlock) w111 be read. 

LoglcalBlock ::= <l_10l13IL_20113IL_4(118) 
L 10MB : : = <$000000 •• OO4BFf> 
L-"2\';'iB ::= <$000000 •• 0097ff> 
L:40t1B ::= <$000000 .. Ol2Fff> 
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Instruction_Parameter ::=(<BlOCkCount><LogicalBlock» 

BlOCkCcult :: = <$01. .SFF> 
This paraneter 1s the f'UItler of blocks to be read that follow 
/sequent1ally from Log1calBlock. It 1s asSl..llled ~t:«e block 
(Log1calBlock) w1ll be reaa. . 

Log1calBlOCk ::= <L_1(JeIL_2MlIL_4tI'6> 
L 1Ml ::= <$000000 •• 0048FF> 
L -2" ::= <$000000 •• 0097FF> 
L: 40MB :: = <$000000 •• 012FFF> 
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Instruct1on_Parameter ::c(<Log1calBlock» 

B10Cl<COIsIt ::= <$01 •• SFF> 
Ttl1s parameter 1s the ruDer of blocks to be read that follow 
sequent1ally from Log1calBlock. It 1s asSlJl1ed that one block 
(LoglcalBlock) w111 be react. 

Log1calBlock ::= <L_1M3IL_2M3IL_4O'm> 
L 1CtE ::= <$000000 •• 004BFF> 
L - 2()'B :: = <$000000 •• 0097FF> 
L:4CtE ::= <$000000 •• 012FFF> 



Page '42 

Proflle_(Dga Ids: 

ProFlle_Read ::= (<$00> <3 bytes LoglcalBlock» 
ProFlle _Irl te : : = (<$01> <3 bytes LoglcalBlock» 
Proflle_Irver : : = (<$02> <3 bytes LoglcalBlock» 

D1agI1OSt1c _0 I.a Ids: 

Read _Id :: = (<$12> <$00> <SED» 
ReacCCDntroller : : = ( 413> <$01> <StatusRequest> <CheckByte» 
Read_Servo _Status : : = (<$13> <$02> <statusRecJ.lest> <OleckByte> ) 
send_Servo_COnmcnd ::= (<$16> <$03> ~st> <CheCkByte» 
send_seek :: = (<$16> <$04> <SeekAdeJress> <OleckByte» 
send_Restore: : = (413) <$05> <O'lIOff> <CheckByte» 
Set_Recovery::= (<$13> <$06> <RecalType> <DleckByte» 
SOft_Reset : : = (412) <$07> <SE6» 
~_Park : : = (<$12> <$08> <SE5» 
Dlar::LRead ::= (412) <$09> <SE4» 
Dlag_Reactteader : : = (<$13> <$OA> <Sector> <OleckByte» 
Dlag_lrlte ::= (412) <$08> <SE2» 
AUto_Offset::= (<$12> <$(K> <SE1» 
Read_SpareTable ::= (412) <$00> <SEO» 
Wrlte_SpareTable ::= (<$16> <$OE> <PassWOrd> <OleckByte» 
Format_Track::= (<$18> <Offset> <Interleave> <PassWOrd> <CheckByte» 
Inlt_SpareTable : := (<$18> <Offset> <Interleave> <PassWOrd> <CtleckByte» 
Read_Abart_status : := (<$12> <$11> <SIX» 
Reset_Servo::= (<$12> <$12> <$DB» 
SC3l : : = (<$12> <$13> <SDA> ) 

SySteli COIDar "'s: 

Sys_Read : : = «$26> <$00> <BlockCol.nt> <Log1calBlock> <CtleckByte» 
Sys_ Wr1 te : : = (<$26> <$01> <BlockColrlt> <Log1calBlock> <Cl1eckByte> ) 
Sys_ wrver : : = «$2S> <$02> <Log1calBlock> <Check8yte> ) 

PassWord: : = «$f0> <$78> <$3C> <tIE> ) 
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Abort Status Variables - -
There are occasions eflen the Widget Controller will detect that something is 

rCK2ically wrong with the Widget SIilSystem, 1.e., the ran on board the controllergoes on 
vacation, or the posit1oning system gives l.4l the {tiOst, etc. In one of these cases the 
controller .ill abort its aJrrent instruct10n Iflj return control to the Host, 
hopefully with encK.qlinfonnat1on that the Host cal make WI intelligent decision 
concem1~ the state of Widget. 

The Host can read some 1nformation concerning the abort that the controller took by 
r8(J.1est~ Read_Abort_Status. This COIIIlsld returns a result that 1s 20 byteS l~: 4 
bytes of stanc2ard status an:! 16 byteS of abort status. The contents of the abort status 

• are depelldent ~ the actual abort taken, arDis determined by exann.n1rY:;) the contents 
of bytes 158'ld 16: the pointers to area of the firmware ore the abort occured. 

In the follow1rY:;) table, the contents of bytes 15 atd 16 are ind1cated {as a 
hexadec1llla116-bit integer, Just as you would read them from the buffer} w1th a brief 
description of the reason why the Slort was taken as well as Sly COIlllents con:;eming 
other bytes of 1nmecJiate interest inclUded in the Abort_Status structure. 

$02EA: Illega11nterface response, or Host Nak 
Byte/$09: Response byte that caused abOrt 

$0388: Illegal RamJ3ank select _ 
Byte/SOD: ISlk I'UItler 

$048A: Format Error: illegal state-RBCtline state 
Byte/SOA: state of state-machine at tine Of abort 

$04CE: Illegal Bank SW1tch (u.-', 

Byte/SOD: ISlk I'UItler 
$0516: I llega11nte~t or OeadMarL T1neout 

Bytes/SOA: €m: Address of routine at t1ne of t1.neout 
$1:'14: Format Error: Error while writirY:;) sector 

Byte/S09: Error status from FormatBlock 
$1204: COilllkl Id Dleckbyte Error 
$1216: ProFile or System conmand attelitlted .rl11e self Test Error 
$122A: Illega11nterface instIU::tion . 
$1329: lklrecoverable servo Error .... 11e reading 
$1408: Sparing atteapted on ron-existent spare block 
$1542: Sparing attenpted .... 11e sparetable full 
$1588: Deletion atteapted of ron-existent bad block 
S16E0: Illegal except10n instruct10n 
$18E8: Iri te buffer overflow 
$192C: lklrecoVerable servo error .... l1e writing 
$160A: Servo status request sent as Servo Wlillai'ld 
$1B5F: Restore Error: Non-Recal parameter 

Byte/SO~: Illegal parareter sent 
S1BC3: Illegal paSSWOrd sent to lrite_SpareTable_COOmand 
$1000: Illegal password sent to Format COlllii!lOO . 
S1C(F: I llegal format paraneters 

Bytes/S09:OA: 111egalparameters 
S1C63: Illegal paSSWOrd sent to Init_SpareTableJ:onmand 
$lCF8: Zero block COl.Ilt sent to SystenU:nlll~ 



$lE49: Wr1te Error: Illegal state-mach1ne state 
Byte/$OA: State-mach1ne state at tine of ct:Jort 

$lF3C: Read Error: illegal state-mcdl1ne state 
Byte/$OA: State-machine state at tine of ct:Jort 

$2026: Re~r Error: illegal state-mactl1ne state 
Byte/$OA: State-machine state at t1ae of ct:Jort 

$21E7: Request for illegal logical blOCk. 
Bytes/$OO: 02: logical block rurtJer 

$:226F: External Stack overflow 
Bytes/$04: 07: sta:k history 

$2360: searctJ for SpareTable failed 
$2493: No sparetable stncture fOt.nj in sparetcr)le 
$2483: ~te of sparetable failed 
$2525: Illegal sparecou1t instnction 

Bytes/$09: value of illegalinstruct10n 
$264A: Lnrecoverable servo error While seekil'WJ 
$28>8: lXlable to transmit COIIIISld to servo 
f:l.877: Lnable to receive status from servo 
$2940: lklatlle to find any headers after oa~l 
$29C0: servo error after servo reset 

Byte/$OA: value of controller status port 
$29FS: servo COOIIU11cation error after servo reset 
$2(l)2: scan attel1llted .,1 ttlOUt sparetable 
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WIDGET SERVO FUNCTIONAL OBJECTIVE 

I. BASIC SERVO FUNCTIONS 

Widget servo control functions ar, handled by a Z8 microprocessor. The 
Z8 handles all I/O operations, timing operations and communication with a 
bost controller. Control functions to the Z8 Servo Controller are made 
through the serial I/O. 

The following commands for the Widget servo are: 

A. HOME - not detented, heads off data zones located at the inner stop. 

B. RECAL - detented at one of two positions. 

1. FORMAT RECAL: 32, -0, +3 tracks from HOME. Used only during 
data formatting. 

., 
2. RECAL: 72, -0, +3 tracks from HOME. Used to initialize home 

position after on or following an access error or any other 
error. 

C. SEEK - coarse track positioning of data head to any desired track 
location. 

D. TRACK FOLLOWING - heads are detented on a specific track location and 
the device is. ready for another command. 

E. OFFSET - controlled microstepping of fine position system during 
TRACK FOLLOWING (two modes). 

1. COMMAND OFFSET - direction.and amount of offset is specified to 
the servo. 

2. AUTO OFFSET - command allows the servo to automatically move off 
track by the amount indicated by the embedded servo signal on the 
data surface (disk). 

F. STATUS - command can read servo status. 

G. DLAGNOSTIC - not implemented. 

See Table 1 for the actual command description. With the present.com­
mand structure a SEEK COMMAND can be augmented with an OFFSET CO~~. 
Upon completion of a seek, the offset command bit is tested to determine 
if an offset will occur following a seek (either auto or command offset). 



Wben a snvo !UOR OCCurl the Z8 SERVO wil.l atte1llpt to do a short IECAL 
(EllROR IECAL) eo_ Two attempts are .. de- by the system to do the !lUWR IECAL 
function. If either of the two iECAL operatioUl terminate successfully 
the protocol atatus will be SERVO KEADY, SIO IEADY and SERVO !lUWR. 
Should th& EIllOR iECAL faU then the syste1ll v1ll eoaplete the error 
recovery by a BOM! function. 

The two OnSET COlllULuAl v1ll be described. riret COMMAND orr SET is a pre­
dete1'1ll:1ned amount of aierostepping of the fine position lervo. Included 
in the orr SET BYTE (STATUG), bit 16-0 18 a COMMAND OPTSET. Bit B7-1 is a 
forward offset Itep (toward the spindle); B7-0 is a reverse step. 
If bit B6-1, the OrrS!T command is ACTO OFFSET. 

AUTO orr SET command.uoraally occurs duriug a write operation. When the 
BDA was initially formated at the factory, special encoded servo data was 
written on each track "near" the index zone. The reason for this follows: 

Normal coarse and fine position information for the position servos is 
derived fro1ll an optical signal relative to the actual data head-track 
location. Over a period of time, the relative position (optical signal) 
will be 1Ilisaligned to the ab.olute head-track position by s01lle unknown 
amount (less than 100 uIn). This small change is i1llportant for reliabil­
ity during the write operation. Write/Read reliability can be degraded 
due to this misalignment. The special disk encoded servo signal is avail­
able to the fine position servo. It wUl correct the difference between 
the relative position signal of the optics and the absolute head to track 
position under the data head only at index time. The correction signal 
can be held indefinitely or updated (if desired at each index time) 
until a new OrFSEr command or move command (SEEK or RECAL) occurs. 

II. COMMUNICATION FUNCTIONS 

The servo functions described in the previous section only occur when the 
servo Z8 microprocessor is in the communication state. Communication 
states occur immediately after a system reset, upon completing head set­
ting after a recal, seek, offset, read servo status or set servo diag­
nostic command. A special communication state exists after a servo error 
has occurred. If + SIO READY is not active, no communication can exist 
between the external controller and the servo Z8 processor. 

Servo commands are serial bits grouped as five separate bytes total. Re­
fer to Table 1 parts I through V for the total communication string. 
The first byte is the command byte (i.e. seek, read status, recal, etc.). 
The second byte is the low order difference for a seek (i.e. Byte 2 - SOA 
is a ten track seek). The third byte is the offset byte (AUTO or COMMAND 
OFFSET and the magnitude/direction for command offset). The fourth byte 
is the status and diagnostic byte (use for reading internal servo status 
or setting diagnostic commands). Byte five is the check sum byte used to 
check verify that the first four bytes were correctly transmitted 
(communication error checking). 



Part of the communication function requires a specific protocol between 
the servo Z8 p~ocessor and the e~erual controller. 

Servo control and communication are described in CHAR! I. This chart 
illustrates the basic sequencing and control -operations. Char~ I does 
not illustrate the servo error handling or command/protocol handling 
functions. Error handling is described in Sec~ion IV and illustrated by 
CBART II. 

III. Z8 SERVO PROTOCOL 

The protocol between the Z8 SERVO microcomputer and the CONTROLLER is 
based on five I/O lines. Two of the I/O lines are serial input (to Z8 
servo from controller) serial output (from Z8 servo to controller). Data 
stream between the Z8 servo and controller is 8 bit ASCII with no parity 
bit (the fifth byte of the command string contains check sum byte use for 
error checking). There are three additional output lines between the Z8 
servo used as control lines to the controller. Combining the two serial 
I/O lines and the three unidirectional port lines generates the bases of 
the protocol between the Z8 servo and controller. The important opera­
tions between the Z8 servo and controller are: 

1. Send commands to Z8 servo. 

2. Read Z8 servo status. 

3. Check validity of all four command bytes. 

4. I/O timing signals between the Z8 servo and controller. 

5. Z8 servo reset. 

Sequencing the Z8 servo controller is an important process following a 
Power Up (Power On Reset) or if the controller should issue a Z8 Servo 
Reset at any time. After a Z8 Servo Reset is inhibited, the Z8 I/O ports 
and internal register are initialized. This takes approximately 75 msec 
after the Z8 Servo Reset is inhibited. The protocol baud rate is auto­
matically set to 19.2KB and then the system is parked at HOME pOSition 
and SIO READY is set active. ***IMPORTANT***. If the desired baud rate 
needs to be increased to 57.6KB; **after a Z8 Servo Reset is the ONLY 
time this can be done***. Once set to 57.6KB the communication raee-re­
mains at 57.6KB until a Z8 Servo Reset occurs. Setting 57.6KB is achieved 
as follows: 

1. Z8 Servo "Power On or Controller" Reset 

2. Wait for SIO Ready 

3. Send a READ STATUS COMMAND as follows: 

BYTE 1 • S 00 
BYTE 2 • S 00 
BYTE 3 • S 00 
BYTE 4 • $ 87 



After the completion of transmitting the bytes, the %8 Servo Controller 
changes to 57 • ..6D &Dd will be waiting for the nett transmitted c01lllUl1ld 
at 57.6D. .. .. 

lefore the controller transmits the coamand byte the controller .uat pole 
the SIO BEADY line from the %8 lervo to determine if it il active (+5 
volts). If the line i. active then a command can be transmitted to the 
%8 lervo. The program in the Z8 lervo vill determine what to do with the 
command bytes (depeneling upon the current Itatus of the %8 lervo). After 
the command (five bytes long) has been transmitted to the %8 servo, the 
program in the Z8 servo will determine if the command bytes (first four 
bytes) are in error by evaluating the check sum byte (fifth byte trans­
mitted). See Charts III and IV for the error handling procedures. After the 
controller bas transmitted the last serial string it must vait 250 usee 
then test for SERVO ERROR active (+5 volts). If SERVOIiiRoR.is active the 
command was rejected (check sum error or iuvalid command). If SERVO 
ERROR is set active 600 0 sec after the command is sent (and not 
250 0 sec), this vas a command reject. The SERVO ERROR must be cleared 
by a READ STATUS COMMAND or IECAL COMMAND before transmitting another command. 
See CHART 1 for the timing diagram of the command sequence and I/O protocol. 

As long as SIO READY is acti~e the controller can communicate with the Z8 
Servo Controller. If SERVO READY is not active the ouly command that will 
cause the Widget Servo to set SERVO READY active is a RECAL COMMAND (NOR­
MAL or FORMAT). Read Status wtil only clear SERVO ERROR, and all other 
commands will be rejected. 

Next, if SERVO READY is active and SERVO ERROR is also active, SERVO 
ERROR can be cleared by: 

1. Any READ STATUS COMMAND. 

2. Any RECAL COMMAND •. 

3. Any other commands will be rejected and maintain SERVO ERROR. 

If a SEEK COMMAND is transmitted with'both SERVO READY and SERVO ERROR 
active, the command wtil be rejected. 

It is important to check the status of all three status lines from the 
Z8 Servo. It is best to avoid sending a SEEK COMMAND with SERVO READY 
and SERVO ERROR active. 

Chart V, parts A-I, illustrate some of the serial communication commands 
and error conditions that can occur between the controller and Z8 SERVO. 

IV. ERROR HANDLIN~-

SERVO ERROR will be generated during the following conditions: 

1. During Recal mode (velocity control only) access time-out.lf a Recal 
function exceeds 150 msec then an access timeout occurs. 



2. During Seek aode (velocity control ouly) access time-out. If a Seek 
function exceeds .150 asec then an access time-out occurs. 

3. During Settling .ode (fo11owing a aecal, Seek, or Offset) if there is 
excessive Ou Track pulses (3 crossings)~indicating excessive head 
IIOtion, a Sett1ing error check wW occur. . 

4. During a command transmission if a communication error occurs (cbeck 
sum error). 

5. During a command tansaission if a invalid command is sent. 



APPENDIX A: 

I. The purpose of the lINE POSITION SElVO is to maintain detent or lock on 
a. liven data track. Any msregi8trations of the head/ ar1l due to windage. 
aechauically observed by the optics position signal are corrected by the 
close loop position servo. Hisregistrations at the data head relative to 
the actual data track on the disk must be corrected by the AUTO OFFSET 
command. ligure I i8 a block diagram of the Widget FIN! POSITION 
SERVO. The amount of aisregistration at the data track sensed after 
an AUTO OFFSET command is summed into the servo and the servo is automat­
ically repositioned over the data track. 

II. The COARSE POSITION SERVO (SEEK) has the function of moving the data 
head arbitrarily from a current track to any other arbitrary track loca­
tion within the total number of track locations between the inner to 
outer crash stops. When a c01llllUlDd is transmitted to the Z8 Servo con­
troller, the Z8 decodes and interprets the command into a servo function. 
If a SEEK command is sent to the Z8 Servo Controller a direction and 
number of tracks to .ave is also sent. The system starts its move to the 
new track location. When the arm has moved to its new location the Z8 
Servo Controller provides control and delay necessary to allow the data 
head and the FINE POSITION SERVO to come to rest immediately following a 
SEEK. This insures that motion in FINE POSITION SERVO and data bead will 
be under control when the READ/WRITE channel begins operation. Relia~il­
ity of the data channel is assured with high margins. Figure I is a block 
diagram of the Widget COARSE POSITION SERVO. 

The differences berween the FINE POSITION SERVO and the COARSE POSITION 
SERYO is handled by the Z8 Servo Controller. The rwo servos share for 
the most part the same set of electronics. The Z8 Servo Controller and 
analog multiplexers switch between the signal paths. In general there 
are some circuits that are not shared because of their uniqueness for a 
particular servo. 



APPENDIX B: 

An aportant part of the Widget Servo System is the optics' signal. The optics 
signal provides the necessary signals for the fine poSition servo to position the 
data head accurately over the data track and to provide th~ system velocity 
signal during seek mode. The aligament of the optics signal is described in 
the follOWing sect.ion on "WIDGET OPTICS ALIGNMENT PROCEDUU." 



Dan Retz1nger 
Nov. 9, 1982 

INTRODUCTION 

WIDGET OPTICS ALIGNMENT PROCEEDURE 

The purpose of this 'note is to describe the procedure for properly adjustinq 
five pots on the widget mother board used to control the amplitude of the optics 
signal. The five pots are R7, R8, R17, RIg and R35. The optics signal 
originates at the end of the servo arm and is used in positioning the arm. 

EQUIPMENT REQUIRED 

An oscilloscope capable of operating in the X-V mode of operation. A Tektronix 
model 465 works fine. 

PROCEEDURE 

Optics LED Drive Adjustment 

1. Connect channell of the oscilloscope to TP 5 on the Widget Mother Board. 
2. Scope Vert. setting: 1 Volt/Dive Horizontal: Any sweep rate. 
3. Adjust R35 so the voltage at TPS;s 3.6 volts +/- .2 volts. l"tv - '38V 

(clockwise, or more resistance=lower voltage) 
" 

Figure 1: TPS Amplitude 

• 

1 
3.ft voCiS 



Position A and Position B Adjustment 

4. Put scope in X-V mode, ground Channels X and Y, move dot to 
center of screen. 

5. Connect chan X to TP9, chan Y to TPS. (Both TP's are located 
near pin 1 of the Z8 microprocessor) 

6. Scope vertical: Chan X and Y, 2 volts/Dive 
7. At this point am is to be moved ........ to be determined how .... 
8. With arm in movement, a Circular pattern should appear on the 

sc ope. Adj ust R7, R8, Rl7, R19 so the top, bottom, ri ght 
and left sides of the circle come at but no closer than a 
minimum of 2.5 sco~e divisions from the center Of the screen. 

9. Each pot adjusts the c1rcle as fOllows:' 

R7 
R8 
R17 
R19 

Left side 
Right side 
Bottom 

clockwise or lower res-smaller cirele 

Top 

• 
• 
• 

10. Figure 2 shows a properly adjusted optics Signal. 

Figure 2: Position A and B 
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PROCEEDURE SUMMARY 

1. Adjust R3S so the voltage at TPS (R37) is 3.6 Volts +/- .2 volts. 

2. Put SCODe in x-v mode, chan 1 & 2 set to 2 volts/dive Adjust ~7, 
R8, R17, R19, so that the sides of the circle (during ~inimum 
f1uctuation) are each within 2.5 Divisions (+/- .1 div) of the 
center'. Thi s corresponds to 5 Vol ts for'om the center to the 
top, bottom, or either side. 



APPENDIX c: 

Soae of the analog control signals cau be useful in understanding or evaluating 
, the function or performance of the Widget Servo. Photographs are provided to 

illustrate soae of the key Widget functions. 1efer to the following document 
"WIDGET SERVO WAVEFORMS." 



Pa~e 1 
Page 2 
Page 3 
Page 4 
Page 5 
Page 6 
Page 7 
Page 8 
Page 9 

YIDGE'! SERVO 

VARIOUS KEY WAVEFORMS 

CON'l'EN'l'S 

Optics Adjustment 
Current Sense and Position A 
Current Sense and Position A (Forward and Rev Seeks) 
Velocity and Position A 
Velocity and Position A (Forward and Rev Seeks) 
DAC Output and Position A 
DAC Output and Position A (Forward and Rev Seeks) 
Curve Shift Function and Position A ( 1 track seek) 
Curve Shift Function and Position A (60 track seeK) 



WAVEFOIUi: Optics Adjustment 

Scope Adjustments: 

Channel 

Chan 1 
Chan 2 
Trig In 

lloriz 

Servo: 

Alternate 

Press Z; 

Probe !!£. Test Point -
Position A TP9 
Position B TPI:S 
Not used 

X-Y Mode 

Seek.s, 512 track.s 

82, 0, 0, ° 
86,0,0,0 

- . , - - . . - . 

PAGE: 1 

Notes 

2V /div 
2V/div 



WAVEFORJ1: Current Sense and Position A 

Scope 

I Servo: 

Adjustments: 

Channel ~robe 11? Test Point 

Chan 1 Current Sense T.P19 
Chan 2 Position A !P9 
Trig In Access Mode !P27 

Horiz: Sms/Div Calibrated 

Alternate Seek~,~96 tracks (Hex ~ 

Press Z; 

• 

80, 00, 0, 0 
84, 60, 0, 0 
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WAVEFORM: Current Sense and Position A 
(Forward and Reverse Seeks) 

Scope 

Servo: 

Adjustments: 

Channel ·frobe lli !!!.E. Point 

Chan 1 Current Sense TPI9 
Chan 2 Position A TP9 
Irig In Access Liocie TP27 

lioriz: 2ms/Div Uncalibrated 

Alternate Seeks, 96 tracks (Hex $00) 

Press Z; ~O, 60, 0, "0 
84, 60, 0, a 

..... 

: t 
t 

E8 ...... ....... .. 

: - ~ 

IiiI 
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PAGE 3 

Llotes 

5V/ci1v 
5V/ci1v 
Positive trig, Ext/lO 
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WAVEFORM: Velocity and Position A 

Scope Adjustments: 

Channel frobe Tip Test Point 

Chan 1 Velocity T:27 
Chan 2 Position A 'IPY 
'Irig In Access Mode 'IP27 

Honz: Sms/Div Calibrated 

Servo: 

Alternate Seeks, 96 tracks (Hex $60) 

Press Z; ~O, 60, 0, 0 
84, 60, 0, 0 

t ,-

Notes 

2V/div 
5V/div 
Positive trig, Ext/lO 



WAVEFOIU-l: Velocity and Position A 
(Forward and Rev Seeks) 

Scope Adjustments: 

Channel frobe Tip 
.... 
Chan 1 Velocity 
Chan 2 Position A 
Trig In Access Mode 

. Roriz: 2ms/Div Uncalibrated 

Servo: 

Test Point -
TP7 
TP9 
TP21 

Alternate Seeks, 96 tracks (Hex $60) 

Press Z; 00, 60, 0, 0 
84, 60, 0, 0 

Notes 
~ .. 

5V/d:i:v 
SV/div 
Positive trig, Ext/10 



WAVEFORM: DAC Output and Position A 

Scope Adjustments: 

Channel Probe .lli. oTest Point 

Chan 1 DAC Output TP13 
Chan 2 Position A TP9 
Trig In Access Mode TP27 

Roriz: 5ms/Div Calibrated 

Servo: 

Alternate Seeks, 96 tracKS (Hex S60) 

Press Z; 80, 60, 0, 0 
84 J 60, 0, 0 
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Notes 

"J.V/div 
5V/div 
Positive trig, Ext/lO 

- .... - ~ .... - ........ 
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WAVEFORM: DAC Output and Position A 
(Forward and Rev Seeks) 

Scope Adju~ments : 

Channel Probe !!E. 

Chan 1 DAC Output 
Chan 2 Position A 
Trig In Access Mode 

Horiz: 2ms/Div Uncalibrated 

Servo: 

!!!.E. Point 

!P13 
!P9 
!P27 

Alternate Seeks, 96 tracks (Hex $60) 

Press Z; 80, 60, 0, 0 
84, 60, 0, 0 
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Z'V/div 
SV/div 
Positive trig, Ext/10 
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WAVEFORM: Curve Shift Function and Position A 
(Forward and Rev Seeks: 1 track) 

Scope Adjust~nts: 

Channel Probe Tip Test Point 

Servo: 

Chan 1 
Chan 2 
Trig In 

Curve Shift Func. IP12 
Position A TP9 
Access Mode TP27 

Hortz: 2ms/Div Uncalibrated 

Alternate Seeks, 1 track 

Press Z; 

! 

80,01,0, ° 
84,01,0, ° 

m. , 

',. 

~ .... ~ ........ ... .... -... .. ........ 

m~~ I 

: n 

~~ ~ 
1::1 
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Notes 

2V/d.iv 
SV/div 
Positive trig, Ext/10 
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wAVEFO~l: Curve Shif~ Function and ?osition A 
(60 track seek.) 

Scope Adjustcents: 

Servo: 

Channel 

Chan 1 
Chan 2 
'Ing·In 

. Probe 'Iip Test Point ------
Curve- Shift Func. 'IP12 
Position A 'IP9 
Access Mode 'IP27 

Roriz: SmslDiv Calibrated 

Alternate Seek.s, 96 track.s (Rex $60) 

Press Z; 80, 60, 0, 0 
84, 60, 0, 0 

Notes 

2V/div 
SV/div 
Pos1cive trig. Ext/10 



ze SERVO 
TASl.E 1 

I. BYTE 11 COMMAND BYTE (DIFCNTH) 

87 86 
------ . --.. ~ 

B~ B4 F~CTI(IIIS - ------....--~--- ----.-~ 

:87 
command 186 
bits 185 

184 

1 
1 
8 
8 
8 
1 
8 
a 

• 8 
1 
1 
8 
1 
8 
8 

• 8 
8 1 
8 8 
1 1 
8 1 
8 a 
1 8 
8 8 

acc ••• only 
a.cc ••• with off •• t 
normal r.cal (to trl< 72) 
format r.cal (to trl< 32) 
off •• t-tl"'l< following 
hom.-•• nd to ID .top 
di agnost i c command 
r.ad statu. command IB3 -X- not u •• d 

aCC.S5 182 -acc ••• dil"'.ction ---------------------------------
bits 181 -hi diff2 (512) 

18a -hi diffl (256) 

II. 

ace •• s dil"'.ction - 1 (FORWARD. towal"'d th. spindl.) 
- a (REVERSE: away fram th. spindl.) 

hi diff2 (512) == 1 (512 tl"'&el<s to go) 
- a (not •• t) 

hi diffl (256) - 1 (2S6 tl"'ael<s to go) 
- I (not s.t) 

BYTE 2: DIFF BYTE (DIFCNTL) 

e emman d BYTE 2 contains th. LOW ORDER DIFFERENCE COUNT fol'" 

:87 -b t7- 128 tl"'&el<s ... · 
:B6 -b t6- 64 tl"'acl<5 
:SS -b t5- 32 tl"'&Cl<5 
:S4 -0 t4= 16 t I'" ac I< s 
:83 -b t3== 8 t I'" a.cl< 5 ' 
:82 -0 t2- 4 tracl<s 
~Sl -0 t 1- 2 tl"'acl<5 
: Ba -b i tI- l tr a.cl< 

a 5 •• 1< 



Z8 SERVO COMMAND BYTES 
TABI.E 1 

.l I I. BYTE 3: OFFSET BYTE (STATREG) 

c onman d BYTE ~ con t a i n ~ t h. I NSTRUCT I CI'o4 f or an 
or during track 4011owing) 

87 -o4f~.t dir.ction 
86 -auto off~.t ·function 
B~ ,. I ad e fF 51 t .. 81 ttl (8 f hi 
B4 -of4~.t bit4 -16 
B3 -offs.t bit3-8 
B2 -offset bit2-4 
81 -offset bitl -2 
B8 -offset bit8 -I 

.t! to or 11'1." tiel) 

OFFSET COMMAND (~.k 

\ , 
IMT (,ISlE/) 

"' .. 

1. if offs.t command from BYTE 1 i~ fol1OW.d by bit6 set (auto off~et 
offs.t direction (bi t7) read offset (bi tS) and bi ts 4-8 ar. ignore' 
but ~hould be set to e if not used. 

2. OFFSET OIRECTICI'o4 -1 (FORWARO OFFSET:toward th. spindle) 
-8 (REVERSE OFFSET:away from the ~pindle) 

3. AUTO OFFSET -1 (normally used preceeding a write operation) 
-8 (manual offset:MUST send direction and magnitu. 

of offset) 

~. REA9 OFFSET -1 E r tad 0 f fie t 4 alb e f r em Me, i .... aft., au to 
ef f se H 

, -8 (no .c t i 011) 

.. REAe 9FFCET €9t1P'A~~e de s i ,. e e a F hi AUTO OFFSET P1UST 1:1. se iJ t as two 
StptP._. E.~.A.S 

I V. 8YTE· 4: STATUS 8YTE (CNTREG) 

87 -communication rate 
86 -power on reset-----
8S -not used 
B4 -not used 
83 -status or diagnostic bits 
82 -
81 -
88 - V 

87=8; Communication Rate is 19.2 KBAUO 
=1 ; Commun i cat i on Rate is 57.6 KBAUD 

86==8; Power On R.set Oi t is no .. c t i ve 
= 1 ; Pow.,.. On Reset bit is ac t i ve 

.-



ze SERVO calw~o BYTES 
TABLE 1 

• BYTE ~ I CHECKSLt1 BYTE (CKSLt1) 

... 
. "' .. [ B7 86 B~ B4 B3 82 B1 Be J 

(BYTE 1 ... BYTE 2 + BYTE 3 + BYTE· 4) - CHECKSlI1 BYTE 

VI. Th. SERVO STATUS lin •• (SIO ROY,SERVO ROY,SERVO ERROR) must hav. th. 
following conditions In o~d.~ to s.nd th. 1 ist.d ze COMMANDS, 

ze SERVO O1D HEX 

acc:.ss(only) ex 
acc.ss(off~et) 9X 
I"ec:.l(data) 48 
I"ecal (fol"m.t) 7a 
p.1"1< ce 
offs. t (de ten t) Ie 
status ae 
d i a.gn os tic: 2e 

X- .ith.,.. a,l 

SERVO STATUS 

S 
I 
o 

R 
o 
Y 

I 1 
I 1 
I 1 
I 1 
I 1 
11 
11 

S 
R 
V 

R 
o 
y 

1 
1 
X 
X 
X 
1 
X 

S 
R 
V 

,..E 
R 
R 

a 
e 
X 
X 
X 
a 
X 

:-------------------------
not i mp 1 i m. n t. d 
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