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l. In simple app lica tions for disks, most of the times, the da t a 

is f orma tted in fixed record leng ths . The disk itself contains 

sector slots , which enable division of the tr ack into 16 or 24 

sectors. By i gnoring some of the generated sector pulses it is 

of course po s sible to divide a tr ack in 1,2,4,8 and 12 sectors 

wi t hout loo s ing much stor age capacity. This action has to be 

performed by the control unit. 

2. To verify for correct he ad positioning , each re cording cycle 

has to be preceeded by a reading cyc le, When Sis the desired 

s ector, then in sector (S-1) the address i s r ead, which 

normally contains: 

- the head number (0, I) 

- the track number (000-203) 

- the sector number (00 - 16/24) 

When it is checked that the heads are on the cor r ect track, a 

"full secto r " is written after the begin of the next sector 

mark (pulse). 

3. As an example, the sector may contain following information, ·. 

when using a 16-sector disk and word s of 16 bits. 

- pre-amble 

- synchronisation pattern 

- data fi e ld, including 

14 words 

word 

210 word~ (maximum) 

sector addre ss, key, da ta, end of t ex t mark etc. 

- check pattern 

- post-amble 

word 

word 
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4. A write operation starts by switching ON the write and erase 

enable lines of the disk drive at the leading ed ge of the 

sector pulse. At the same time the pre-amble words (bits seria­

lized) are transferred to the drive over the write data line , 

The simplest way is to write words consisting of all "O"'s . 

The sync. word may contain fifteen "O'" s and one "I" at the 

end. A safer way is to use a recognizing pattern like 

0000 1110 0000 1110. During a read operation this word 

should start an operation in the control unit to indicate 

that next bits are the data field. At the end of the data 

field , a check word should be writt en . This word consists of 

"OR"ed bits_ of the previous recorded data field words, This 

is sometimes referred to as 'sum 'check' or cyclic check . 
.... 

The post-amble is used to protect the last word against 

pulse crowding . 

The write enable line may be switched OFF now. The erase 

enable line should remain ON for the duration of 7 words . 

The reason for this is the physical distance between the 

gaps of erase heads and write head . The write head records 

a broad track , which 1s narrowed by the two erase heads. 

To be sure that also the last written pattern is narrowed, 

the erase enable line must be kept ON longer. A write opera­

tion should be followed by a read operation, to verify for 

correct recording . 

5 . A read operation starts with a delay equal to 5 words from 

the leading edge of the sector pulse . This is to be sure 

that reading starts 111 a well known part of the pre - amble . 

Th.e all 11 0 111 s pattern is used to synchronize the read cir­

cuits in the disk drive and control unit. The pre-amble , 

sync. pattern , check .pattern and pos t -amble are normally not 

transmitted to the C.P.U., but remain inside the Control Unit . 
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Also these patterns are generated by the Control Unit during 

a write operation. 

During a verify operation (reading afte r a write operation) 
cycle 

a new check word i s constructed during the read and this word 

is compared with the check word stored on the disk during the 

write operation. When both check words are identical the 

write operation can be considered as correct. 

6. In rough outlines a control unit contains following major 

four modules. 

Cable Circuits 

adaptation disk drive 
to C.P,U. control logic 

• 

read and 
write circuits ----------------
check word 

cc 

cc 

disk drive nr, 

disk drive nr. 2 ----------- -------------
execution com12.are/generate cc disk drive nr. 3 

buffer CPU commands serial i zer/ 
(even t.) deserializer 

cc disk drive nr. N 

7. In the enclosed pages, examples of some circuits are described. 

Following remarks on the WTR (write) circuit has to be made: 

- start is always with a clock pulse after 

WEN (write enable) 

"keying" a 110 11 or "I" is by means of SDo. 

- SDo is generated by shifting, under control of clock OW 

- the write shift register ( 16 bi ts) is "emptied" in half 

words (8 bits); during this phase the new 16 bits are 

loaded into this register. 

During a read operation the action is reversed. The counter shifts 

the word into the 16 bits register in two parts of 8 bits. 
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1. CLOCK- DATA SEPARATOR 

1.1. WRITING 

The most important parts of the clock-data separator necessary 

to record data, are : 

1. A 1,667 MHz crystal oscillator. -) T::;; /oe,~ 

2. The "WRITE TRIGGER" (W'rR ), a simulated JK-flip flop which supplies 

the clock and data pulses (OW, 1W and WD) ,see page 12 for schema tic 

diagram. 

3. A pulseshaper, which forms the pulses for the cable transmitter 

WD (WRITE DATA) and convert them to the correct width (300 nsac). 

oscillator 

I I 
- w¢ WTR --

' 

WAM' WEN SDo ow 1W 

Inputs for WTR are: 

w¢ write oscillator (1,667 MH z square wave 

WAM' wri te a ddress mark (blocking clock pulses) 

WEN write enable 

shaper • 

SDo Bit o of shiftregister; controls passing of datapulses from 

oscillator to shaper. 

Outputs are: 

OW write clock pulse 

1W write data pulse 

WD write data to mono disk drive 

WD 
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LOGI CS OF WTR 

WTR 1 I w¢ . WTR 2. w·rn3 . WEN 

WTn 2 ' . w¢. WTR 1 • WTR 4. WEN . 
WTR 3' WTR 1. WTR 5. 
WTR 4' . WTR 2. WTR 6. . 
WTR 5 ' WTR 1 • WTR 6 

W'11R 6 I WTR 2. WTR 5 

WD WEN. WTR 1. WTR 4. SDo. w¢ + (data pulse) 

WEN. WTR 2. WTR 3. WAM '. w¢ ( clock pulse) 

OW' . WTR 1 . 
1W' . WTR 2 ./4t-.,,, ,I, e; w cj-e,J . , ~ 

When WRITE ENABLE (WEN ) = true, WTR will count as follows: 

W'11R 1 2 3 4 2 6 ow 1W 

H¢ ' 1 1 0 0 

~] 
0 0 

w¢ 0 1 1 1 1 1 0 

w¢' 1 1 0 1 1 0 0 

w¢ 1 0 1 0 0 1 1 
., ,,_,__, "-<-<CA- V DI ~ v d>-,- <> 

When WEU=false, WTR stops in position 111001 or 110110; 

in these positions ow and 1W are not present . 

The signal s OH and 1W are used as ste ppulse s in t he shiftre gister. 

w¢ 
WEN 

ow 
1W 

SDO 

WD 

,--, r---'! 
I 

I 
I I 

' ' I 

I - -I ' I 
I 
I ' ...__ 

• ;...£.., 
I 

' ' I 

I 
I 

0 

--
I 
I 

' I 
~ 

I 

I 
I ,......., 

~ 
I 

I 
I 

....1...: 
I 

~ 

~ 
I I 

~ 

I ' 

~ 
I ' 
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During OW WD depends of WAM 

During 11-1, WD depends of SDo 

(WAM 1 is always "1") 

(data pulses) 

Because of speed considerations the combinations WTR 1. W'rR 4 resp. 

WTH 2. WTR 3 are used instead of 1W and OW as decodings of WD. 
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1. 2 RE..ltDI NG 

Tpe most important parts of the clock-data separator to 

read data are: 

1. The READ TRIGGER (RTR); same function as WTR during writing , 

see page 13 for schematic diagram 

2. A delay-circuit of 480 nsec . 

3. Two pulsshapers for input and output signals 

4. The DELAYER TO RESTART (DTR), a RTR-like trigger used at the 

beginning of r eading , see page 14 for schematic diagram. 

5. A MISSIUG PULSE CIRCUIT, used as detector for "0" 's. 

6. Some additional logics ( START , RTRC , FRDP ,etc.) 

Inputs of the clock-data separator during reading are: 

RED ' : READ DATA (incoming data from mono disk drive) 

REN READ ENABLE 

Outputs during reading are: 

RI READ I NFORMATION 

OR : READ CLOCK PULSE 

1R READ DATA PULSE 

RED r 
I 

REN: ! 
OR 

1R 

RI 

I 

, o 
' 

I 

i 
I 

C 
~ 
I 

f-, 
I 

0 

~ I 

' 

' µ 
I : 

I 
I 

0 

L 

. . . : 
I 
I 

OR gives lo cation of the clock pulses 

0 C -
' 
' • I 

r-1 

1R gives locat ion where one s can be expected 

RI gives the act ual read ones 

1 
~ 

i ' 
h 
I 

H 

h 

~ 
I 

I 

I 
I -I : 
I ' 

~ 

RI is sent to the input of the shiftregister; shifting occurs 

during OR, 1R-pulses. 

~ 

I 

I ' 

~ 
I 
I 

,o 

I 
I 

H 
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/LOGICS RTR , DTR 

/ I 
RTR, ---, : RDB . RTR 2. RTR 3. REU + 

RD. RTR 2. RTR 3. REN 

RTR 2': RDB . RTR 1. RTR 4. REN+ 

RD. RTR 1. RTR 4. REN 

RTR 3': RTR 1. RTR 5 

RTR 4': RTR 2. RTR 6 

RTH 5 ' : RTR 1 • RTR 6 

RTR 6': RrrR 2. RTR 5. RTRC 

RD is READ DATA behind pulseshaper 

RDB is the 480 nsec delayed value of RD. 

Before beginning reading REN= 0 and RTRC = O, this causes 

RTR to stop in position 111001. 

At the beginning of reading REN= 1 (RTRC remains a short time= o), 
this causes RTR to run in following cycle: 

RTR 1 2 3 4 2 6 OR 1R Eosition 

RD' . RDB' 1 1 1 0 0 ~] 0 0 0 

RD+ RDB 0 1 1 0 1 1 0 8 

OR' RTR 1 

1R' . RTR 2 . 
RI . RTR 1 • RTR 4. RD . 
DTR 1 I : RD. DTR 2. DTR 3 

DTR 2': RD. DTR 1. DTR 4 
DTR 3': DTR 1. DTR 5 
DTR 4 ': DTH 2. DTR 6 

IYI'R 5': DTR 1. DTR 6 

DTR 6 f: DTR 2. DTR 5. REN 
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When REN= 1, D'l'R will run 

D'PR 1 2 3 

RD' 1 1 1 

RD 0 1 1 

RD' 1 1 0 

RD 1 0 1 

DTRF 0/DTRF 0' 

D'I'RF 1 /DTRF 1 ' 

FRDP/FRDP' 

STAR1r/START' 

RTRC/RTRC' 

in following cycle: 

4 2 6 FRDP :eos i tion 

0 0 1 

~] O FRDP=DTR 2' 
1 1 0 1 

(!irst Eead £ata _Eulse) 
1 1 0 2 

1 0 1 1 3 

. DTRF O. REN . 
DTRF 1. DTR 1 ' 

DTRF 0' 
. DTRF 1.REN . 

DTRF 0'. DTR 2' 

IYI'RF 1' 

. DTR 2 + . 
DTRF 0' 

FRDP 

START. REN 

START I • FRDP I 

z RTRC.REN 

START. MP 

RTRC' 

: RD+ START'(the Missing Pulse Circuit 

is triggerd now by RD only 

when START= 1). 

The Missing Pulse circuit supplies an "1" when no new RD-pulse comes 

within 630 nsec after the trailing edge of an RD-pulse. 
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The first Missing Pulse starts RTRC = 1 ' 
this causes RTR to run 

as follows: 

RTR 1 2 3 :± 2 6 OR 1R position 

RD'. RDB' 1 1 1 0 0 

i] 
0 0 0 

RD+ RDB 0 1 1 1 1 1 0 1 

RD'. HDB ' 1 1 0 1 1 0 ' 0 2 

RD+ RDB 1 0 1 1 0 0 1 3 

The clock-data separator is now synchronised with data coming 

from the mono disk drive. 

All data that is read, will go through the shiftregister; when 

the synchronizing pattern is recogni zed (00001110) the Bitcounter 

and Wordcounter are being synchronized. 

Combinations are assembled of the signals OR and OW, resp. 1R and 1W: 

ORW =OR+ OW 

1RW - 1R + 1W 

because the shiftregister, bitcounter and wordcounter could be 

used during reading and writing. Reading and writing never occur 

at the same time • 
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1.3 SUM~.ARY START OF READING 
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The mono disk drive supplies READ DATA , followed by RDB at 480 nsec. 

The RTR will go into the cycle 0-8-0-8-et c. 

The D'l'R will go into the cycle 0-1-2-3-0-1-etc. 

DTRF 1 will come when DT~
8 
for the first time in position 3, followed 

by DTRF O when DTR i s in position 1. 

When DTR is in position 3 for the second time, then FRDP will come. 

FRDP activates START. 

The first "0" after STA...11.T wi 11 set MP. 

MP activates RTRC , 

RTRC puts RTR in the cycle 0-1-2-3-0-1-etc., resulting in OR and 1n. 

I ---

.3 0 

' ' :---, 

' 
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2. SERIALI ZER- DESERI AL I ZER 

2 . 1. WRI'l'HlG 

The shiftregister contai ns an 8- bi ts main- and a 7-bits secondary 

r egister . '11he data t o be wri tten i s in a 16- bi ts DATA BUF'FER ( DB) . 

Successivel y the contents of the upper and l owe r half of this 

data buffer is placed in the shiftregister ( SD) via the DATA 

SELEC'I'OR . The shifting takes place from most t o least signifi cant 

bit ; t he secondary regi s t er is r ead during Hf , the main regi ster 

dur i ng OW. 'I'he l east s i gnificant bit of the main r egister ( SDo ) 

controls the WTR as to t he wr iting of "O''s or " 1"s t o the mono 

disk drive. 

6 5 4 3 0 SDH 

SDYSDH . ow 
/ 

, , / / / - - - - - - - - - - - -- - ..,._ - 7 (. _ --- ... - - - ~ - - - ..,. - - -/ 
! \ :/ f 1,/-.L \ / / / / / / / ,14l 

I 

7 6 5 4 3 2 1 0 SD WRI'I'E DAT A 
SDYDS . OW 

.('c f ,, 

DS 

DSYDBH 

1 s [ 14 
I 

13 12 11 10 9 8 7 6 5 4 3 2 

The macro-timings of t he activat i ng s ignals ( DSYDBH , DSYDBL , 

SDYDS , SDYSDH) are der ived f rom the Bit counter and Wordcounter. 

- 1-v·, ,:, 

1 0 
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2. 2. READI NG 

15 

During r eading the READ I NFORMATION arriving on SD7 is shifted 

from most to l east signifi cant bit. Reading of SD during 1R,and 

reading SDH during OR . The collected byi;es are placed successively 

in the upper and lowe r part of the DA'l1A BUFFER. 

6 5 4 3 2 0 SDH 

RI.1B 
7 6 5 2 0 SD 

D:BHYSD DBLYSD 

14 13 12 . 9 8 7 6 5 4 3 2 

BITCOUNTER- WORDCOU:NTER 

The Bitcounter and word.counter ( BT, WT) are two 8- positions timing 

rings with f ill up code s. 

Codes BT 0 1 2 1 WT 0 1 2 3 

0 0 0 0 0 1 RW . REDAT 0 0 0 0 0 BTS 34 . 0 IM 

1 0 0 0 1 0 RH l 0 0 0 B'I'S 70 . 0 RW 
2 0 0 1 1 RW l 2 0 0 1 BTS 34. 0 RW 

L 
i 

3 0 1 0 RW l 3 0 1 1 B'I'S 70. 0 RH l 
4 1 . 1 1 1 R'.--1 I 4 1 1 1 BTS 34 . 0 RW l 
5 1 1 1 0 0 Ri-l l 5 1 1 0 BTS 70 . 0 RW i 
6 1 1 0 0 RW l 6 1 1 0 0 B'I'S 34. 0 RW l 
7 1 0 0 0 . 0 RW i 7 1 0 0 0 BTS 70 . 0 RW l 

REDAT i s the va lida tion signal to s t art BT 

a . during WR ITING t he beginni ng of synchronizing pattern. 

b . during READ ING the discovery of the synchronization pattern. 

0 
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