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10.6 USER-ACCESSIBLE REGISTERS 

All cylinder addresses, status information and 
commands are transferred over a three-state 
bidirectional DBUS 0 through 7 lines. These 
eight lines present an open circuit (tri-state) 
to the controller's bus until activated by DRIVE 
SELECT. An active DRIVE SELECT combined with RD 
(Read) sets the DBUS into the transmit mode while 
DRIVE SELECT combined with an active WR (Write) 
sets the DBUS into the receive mode. The 
information to control the drive resides in six 

. accessible 8-bit registers. 

a. Control Command Register which receives 
and stores commands from the controller; 

b. Target Address Register - Upper Byte 
which receives the eight most 
significant bits of the desired 
cylinder address; 

c. Target Address Register - Lower Byte 
which receives the eight least 
significant bits of the desired 
cylinder address; 

d. Status Register which contains 
per.tinent information about present 
operation; 

e. Current Address Register - Upper Byte 
which contains the eight most 
significant bits of the current 
cylinder address; 

f8 Current Address Register - Lower Byte 
which contains the eight least 
significant bits of the current 
cylinder address. 
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Accessing of the registers is accomplished by a combination of 
active levels on DRIVE SELECT, RO, or WR, and register address 
lines Al and AO, as shown in Table 9. The Command and Target 
Address Registers can only receive information and the Status 
and Current Address Registers can only transmit information. 

TABLE 9 - Register Selection 

Al AO WR RD Selected Register 

0 0 1 0 Status Register 
0 0 0 I CotmJand Register 
0 1 1 0 Current Address-Upper. Byte 
0 1 '. ! O' 1 Target Address-Upper Byte 
1 0 1 0 Current Address-Lower Byte 
1 0 0 1 Target Address-Lower Byte 

10.7 COMMANDS 

Seven Control Commands are used. All are single byte 
commands and are listed in Table 10. 

TABLE 10 - Command Summary 

" .. 
BITS 

Command 7 6 5 4 3 2 1 o 

SEQUENCE UP 0 0 0 0 0 0 0 1 
SEQUENCE DOWN 0 0 0 0 0 0 1 0 
RESTORE 0 0 0 0 0 0 1 1 
SEEK 0 0 0 0 0 1 0 0 
FAULT RESET 0 0 0 0 0 1 0 1 
READ DRIVE ID 0 0 0 1 0 0 0 0 
READ BYTES PER 

SECTOR 0 0 0 1 0 0 0 1 
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a. SEQUENCE UP 

The SEQUENCE UP Command causes the disc drive 
spindle motor to power up_ 
of the disc is monitored, and after the drive is 
up to speed, a position signal calibration is 
performed (exeept for the 1070) and the heads are 
positioned to cylinder zero. The drive will 
present BUSY status while the SEQUENCE UP is in 
process. CYLINDER ZERO, SEEK COMPLETE and READY 
status is set at the successful completion of this 
command. WRITE PROTECT and DRIVE FAULT are set if 
the SEQUENCE UP was unsuccessful. The drive will 
also sequence up as described with a RESTORE 
command. 

b. SEQU~NCE DOWN 

e. 

The SEQUENCE DOWN command causes the heads to be 
positioned to the landing zone and the spindle 
motor is braked to a stop. WRITE PROTECT status 
will be set at the completion of this command. 

The RESTORE command causes the drive carriage to 
h~ r~positioned to cylinder zero. The drive 
RESTORES automatically on SEQUENCE UP, or when a 
SEEK FAULT i.s detected. Upon failure of the 
RESTORE command, the heads will be positioned to 
the landing zone area and DRIVE FAULT status will 
be s;t: If the drive is not sequenced up, the 
restore command will result in the drive 
sequencing up and drive carriage positioned to 
cy1inder.zero. 

d. SEEK 

The SEEK command uses the contents of the Target 
Address Registers for desired cylinder address 
information. Upon receipt of this command, the 
drive will go NOT READY and BUSY while moving the 
carriage to the desired cylinder. When this is 
complete, the drive will again become READY and 
SEEK·COMPLETE status will be posted. Upon failure 
of the SEEK command, the drive will RESTORE to 
cylinder zero and present READY, CYLINDER ZERO and 
SEEK FAULT status. 

e. FAULT RESET 

The FAULT RESET command clears both fault 
condition flip-flops (SEEK FAULT and DRIVE FAULT). 
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f. READ ID 

Tids command sets the Dr ive ID code in the Curren,t 
Address Register. READY status will be reset to the 
not ready state. In order to bring the 'drive to the 
READY state a SEQUENCE UP or RESTORE command must be 
executed. Thus, the Current Address Register contains 
the valid current cyli~der address if the drive is 
READY and last requested parameter information if not 
READY. The drive ID assignment is shown in Table 11. 

TABLE 11 - Drive ID Assignment 

ID & Code (HEX) '. ~ Drive Designation 

00 

01 

02 

03 

04 

05 

06 ~, . 
07 

OS-OF 

10 

11 

12 

13 

14 

15 

16-1F 

, 2o-FF 

Invalid 

DISKOS 3350-01 or -10 (20, 160 bytes/track) 

DISKOS 3350-01 (19,960 bytes/track) 

DISKOS 3450 (12,960 bytes/track) 

DISKOS 3450 (13,440 bytes/track) 

DISKOS 7050 (13,440 bytes/track) 

DISKOS 6650 

DISKOS 15450 

Reserved 

Reserved 

DISKOS 1070-1 

CDS005 

CDSOIO 

Reserved 

DISKOS 1070-2 

Reserved 

Reserved 
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READ BYTES PER SECTOR 

This command reports the bytes per sector selected by 
the switches mounted on the drive. The sector size is 
reported in the Current Address Registers. 

Upon the receipt of this command the drive will become 
not READY and remain in the not READY state until a 
Sequence Up.or Restore command is received and 
executede 
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10.8 REGISTER BIT DEFINITIONS 

TABLE 12 - Address Register Bit DE'finition 

Data Bus Bit 7 6 5 4 3 2 1 0 

Current Address Reg. 
Upper Byte 0 0 a a 0 CIa C9 Cs 

Current Address Reg. 
Lower Byte C7 C6 Cs C4 C3 C2 Cl . Co 

Target Address Reg. 
Upper Byte 0 0 0 0 a CIa C9 C8 

Target Address Reg. 
Lower Byte C7 C6 Cs C4 C3 C2 CI Co 

where for cylinder add.ress 
.. ! 

CIO C9 Cs C7 C6 Cs C4 C3 C2 Cl Co 

Cylinder 000 o a a a a a a a a o o 

Cy 1 i nder 001 o o o o o o o o o o 1 

Cylinder 1123 1 a o o 1 1 o o a 1 I 

and for sector length 

Sector Length 000 o o o a o a o o o o o 

Sector Length 001 o o o o o o o o o o 1 

Sector Length 1,316 I o 1 o 1 o 1 o o a a 
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TABLE 13 - Status Register !it Definition 

Bit Name Description 

o READY The drive is up to speed, servo sy~tem is 
locked onto a servo track, and the unit is in 
a state to read, write, or seek. 

1 SEEK This bit is set when seek operation is 

2 

3 

4 

6 

7 

COMPLETE completed. This status is invalid while BUSY 
i~ active • 

SEEK 
FAUl.T 

CYLINDER 
ZERO 

BUSY 

nRIVE 
FAULT 

WRITE 
PROTECT 

COHMAND' 
REJECT 

.. ,; : 
A fault was detected during a seek 
operation. This status is invalid while BUSY 
is active. 

Access arm is set to Cylinder o. 
is invalid while BUSY is active. 

This status 

Drive i~ in process of executing a command. 

A f:lult wa!=i detected during a write 
op~rntion or a drive unsafe condition was 
detected. 

Th~ head selected i~ write protected. 
". . 
Writr protection is set by switches in th~ 
drive or ~len the drive is not sequenced up. 

Control or Register Load command received 
while drive is not ready, or improper command 
r~ceived. This status is invalid while BUSY 
is active. 
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a. "A" Cable 

Description 

Connector (60 pin) 
Contact, insert 
Flat cable (twisted 
pair), 30 pair, 
28AWG 

Berg pIN 

65043-007 
48048 

Spectra-Strip pIN 

3CT-6028-7B-OS-IOO 

b. itA" Cable Mating Connector on Drive or Controller 

Description 

60 pin right angle 
header 

60 pin vertical 
header 

c. "Bft Cable 

Description 

Connector (26 pin) 
Connector pull tab 
Flat cable (26 conductor) 
with ground plane and 
drain wire. 

AMP PiN 

3-86479-4 

3-87227-0 

3M PiN 

3399-3000 
3490-2 

d. "Bit Cable Mating Receptacle on Drive or Controller 

Description 

26 pin right angle 
header 

26 pin vertical 
header 

AMP pIN 

1-86479-0 

1-87227-3 

....... 
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6. I/O Cable Characteristic 

a. "Aft Cable 

Type: 30 twisted pair, flat cable 
Twists per inch: 2 
Impedance: 100 + 10 ohms 
Wire size: 28 AWG, 7 strands 
Propagation time: 1.6 to 1.8 ns/ft. 
Maximum cable length: 100 ft. cumulative 
Voltage rating: 300 volts rms 

b. "Bn Cable (With Ground Plane) 

December 7, 1981 

Type: 26 conductor, flat cable with ground plane and drain 
wire. 

Impedance: 65 ohms (3M pIN 3476-26) 
Wire size: 28 AWG, 7 strands 
Propagation time: 1.5 to 1.8 ns/ft. 
Maximum cable length: 50 ft. 
Voltage rating: 300 volt rms 

c. "B" Cable 

Type: Twinax 
Impedance: 160 + 16 ohms 
Wire Size: 30 AWG, 7 strands 
Diameter over outer insulator: 0.620" maximum 
Propagation velocity: 70% minimum 
Maximum cable length: 50 ft. 

11-3 



an Field Service Manual December 7, 1981 
"A" CABLE 

.Function Connector Pins Connector Pin 
Low High Layout 

Unit Select Tag 43 44 2 1* 
Unit Select 20 45 LJ6 4 3 
Unit Select 21 47 4d 6 5 
Unit Seiect 22 51 52 8 7 
Unit Select 23 53 54 10 9 
Of' .. _ 1 1 2 12 11 ~ClO "-

Tag 2 3 4 14 13 
Tag 3 5 6 16 15 
Bit 0 7 8 18 17 
:Bit 1 9 ]0 20 19 
Bit 2 l 11 12 22 21 
Bit 3 13 14 24 "'''' L.) 

Bit 4 15 16 26 25 
Bit 5 17 18 28 27 
Bit 6 19 20 30 29 
Bit 7 2] 22 32 31 
Bit 8 23 24 34 33 
Bit 9 25 26 36 35 
Open Cable Detector 27 28 38 37 
Index 35 3e 40 39 
Sector 49 50 42 41 
Fault 29 30 44 43 
Seek Error 31 32 46 45 
On Cylinder 33 34 48 47 
Unit Ready 37 38 50 49 
Unused (always 0) 39 40 52 51 
Write Protected 55 56 54 53 
Power Sequence Pick 57 56 55 
Power Sequence Hold 58 58 , 57 
Unused 41 42 60 59 
Spare (Opt) enal Bus Bit 10) 59 60 

60 position, 28 AWG, 30 twisted pair 
straight flat cables * Triangle MaT.k 
maximum length - 100 ft. 

Figure 4 - Tag Bus I/O Interface 
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Tag 1 Tag 2 Tag 3 
Cylinder Head Control 

Bus Address Select Select 

Bit 0 20 20 Write Gate 

Bit 1 21 21 Read Gate 
; 

Bit 2 22 22 Unused (Servo Offset Plus) 

Bit 3 23 Unused Unused (Servo Offset Minus) 

Bit 4 24 Unused Fault Clear 

Bit 5 2; Unused Unused 

Bit 5 2f. Unused Return to Track Zero (RTZ) 

Bi t 7 27 Unused Unused 

Bit 8 28 Unused Unused 

Bit 9 29 Unused Unused 

Optional 
Bi t 10 210 Unused Unused 

Figure 5 - Tag Bus Decode 
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Function 

Write Data 
Ground 
Write Clock 
Ground 
Servo Clock 
Ground 
Read Data 
Ground 
Read Clock 
Ground 
Seek End 
Unit Selected 
Ground 
Index 
Cround 
Index 
Ground 

26 conductor fiat cable, 
maximum length - 50 ft. 
* Triangle mark 

8 ft Field Service Manual 

"B" CABLE 

Connector Pins 
Low High 

15 ]4 
13 

11 12 
10 ., 
" oJ ~ 

1 
5 6 

4 
9 8 

7 
19 20 
18 17 

16 
23 22 

21 
25 26 

24 

Figure 6 - "B" Cahle Interface 
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Connector 
Pin Layout 

2 1* 
4 3 
6 5 
8 7 

10 9 
12 11 
14 13 
16 15 
18 17 
20 19 
22 21 
24 23 
26 25 
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11.3 INTERFACE SIGNAL DESCRIPTIONS 

This section gives functional descriptions for the signals on the "AH and 
"13" interface connectors. Details on how to transmit and receive these 
signals are given in Section 11.4. 

Address and control information is transferred to the drive on a 
lo-bit bus, with three tag lines defining the type of information on 
the bus. Unit selection is provided by four binary coded lines gated 
into the drive by a Unit Select tag. Major status conditions of the 
selected drive, as well as index and sector marks, are returned to 
the controller on seven lines. 

Data and clock signals between the drive and controller require five 
lines. These lines are associated with a physical drive using a 
radial connection between the drive and controller. Two additional 
lines in this cable supply an interrupt signal (Seek End) and an 
indication of selection (Unit Selected). See Figures 4, 5, and 6. 

1. Bus Bits 0 to 9 

The 10 bus lines are used to transmit cylinder address, head 
address, or control functions from the cont~oller to the drive. 
Bit 0 is the least significant digit and bit 9 is the most 
significant digit. 

a. Optional Bus Bit 10 

This bus line is used to transmit cylinder address bit 10 
(binary 1024) via the normally spare pair in the "A" Cable 
(pins 59 and 60). This may be enabled on the 6650 SMD, 
15450 SMD, and the SMD Adapter attached to a 6650 or 15450 
by moving the shorting jumper from position W20 to position 
W21. 

2. Tag 1 (Cylinder Address) 

The 10 bus lines are used to carry the cylinder a~dress to the 
drive. Since the drive is a direct addressing device, the 
controller need only place the new address on the lines and 
strobe the lines with Tag 1 (see Figure 7). The drive must be 
On Cylinder before Tag 1 is sent. The bus lines should be 
stable throughout the tag time. 

3. Tag 2 (Head Select) 

This signal is the head address that will be selected by the 
bits present on the bus lines when Tag 2 is true. 

In the DISKOS 3+S"0 ,,~cl 7fJ~O t only bus bits 0, 1, 
and 2 are used; all other bus bits are ignored. 
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40 Tag 3 (Control Select) 

This signal acts as an enable and must be true for the ent~re 
control operation. 

a. Bit 0 (Write Gate) 

The Write Gate line enables the write driver (Figure 5). 
See Figure 10 for typical Write Gate timing requirements. 

NOTE: Write Gate to Read Gate timing is 14 microseconds 
instead of the 10 microseconds required by the 
standard SMD specification. 

b. !it 1 (Read Gate) 

Enabling of Read Gate (Figure 5) enables digital read data 
on the transmission lines: The leading edge of Read Gate 
triggers the read chain to synchronize on an all zeros 
pattern. (See Figures 8 and 9 for typical Read Gate 
timing.) 

NOTE: Write Gate to Read Gate timing IS 14 microseconds 
(Figure 9) instead of the 10 microseconds ~equired by the 
standard SMD specification. 

c. Bii 2 (Servo Offset Plus) 

In all drives using the SMD Adapter this function is not 
supported and no response will occur if this operation is 
attempted. 

d. Bit 3 (Servo Offset Minus) 

In all drives using the SMD Adapter, this function is not 
supported and no response will occur if this operation is 
attempted. 
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e. Bit 4 (Fault Clear) 

A pulse, 250 nanoseconds minimum, sent to the drive will 
clear the fault status. The fault status may recur if the 
fault condition still exists. 

f. Bit S (AM Enable) 

Not supported by this interface. No response will occur at 
the drive if this operation is attempted. 

g. Bit 6 (RTZ) 

A pulse, 250 nanoseconds mln1mum, 10 milliseconds maximum, 
sent to the drive will cause the actuator to move to track 
zero, reset the head address to head zero; and clear Seek 
Error. 

This motion is significantly longer than a normal seek to 
track zero and should be used for recalibration only, not 
data acquisition. 

h. Bit 7 (Data Strobe Early) 

Not supported by this interface. No response will occur at 
the drive if this operation is attempted. 

i. Bit 8 (Data Strobe Late) 

Not supported by this interface. No response will occur at 
the drive if this operation is attempted. 

j. Bit 9 (Release) 

Not supported by this interface. No response will occur at 
the drive if this operation is attempted. 
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5. Unit Select Tag 

This tag is used to select the drive defined by this Unit Select 
1, 2, 4, and 8 lines. The drive is selected at the leading edge 
of the tag and responds with Unit Selected within 200 
nanoseconds. The drive address on the Unit Select lines must be 
stable 200 nanoseconds before the leading edge of the tag. 

Iii HoJels 3356 SHS, 6659 SUB, add 15459 SHD, tfle Bnit Seleet 
li"e! Mt'!!t l"e!!!l!i" !t'~blL ll!!til 200 ~arlo!!.eo"th I!ftel" t1"le leaeiJ\g 
eege ef t~e tag. B~t\ In all drives using the SMD Adapter the 
Unit Select lines must remain stable throughout the time that 
the drive is selected. 

In all drives, the Unit Select Tag must remain stable throughout 
the time the drive is to be selected. For timing information, 
see Figure 11. 

6. Unit Select 1, 2, 4, and 8 

These four lines are binary-coded to select one of 16 logical 
drive addresses. The address placed on the Unit Select lines is 
compared by each drive against the logical address assigned. 
When the Unit Select tag rises, the drive which compared equal 
becomes selected. Care must be taken so that each physical 
drive is strapped for different logical addresses. Timing of 
these lines is described in this Unit Select Tag description. 

An eight-swit,h dip pack is used for preassigning a drive 
logical address at installation time or any· time after (only 
four switches are used for drive addressing). 

7. Individual Lines 

a. Sector 

The sector mark is derived from the servo track. Timing 
integrity is maintained .throughout seek operations (see 
Figure JO). The number of sectors pe-r revolution,"rac::\ 
there-fore sector size, is switch selectable- and is derived 
usin2 a byte counter. Rri • .,.· +0 ~e 'N~TAr..~"T\ON 
sec.;', O~ -f"'" spa,f,~ ,"fo"'t"'to.i',~ 0'" "V\of,~c..~ se1T'\")~ I. 

The microprocessor sets sector size during initialization; 
after Bett-ing the switches ,tfOWer must be removed from the 
drive and then restored to cause the newly selected sector 
size to be established at the drive. 
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b. Fault 

When the faul t line is true, a faul t condi tion exists at the 
drive. Th~ following types of faults may he ~etected by the 
drive: 

Write Fault (Write Gate with Write Protect). 
Write Off Cylinder (Write Gate without On Cylinder). 
Multiple Heads Selected. 
No transitions during write (MFH format). 
Write Cate without write current at the head. 
Write current at the head without Write G~a~t~e~.~ ____ _ 
Wri te when s~rvo -"is off-track.-
Write during a Servo Offset opeTation. 
Write Gate and Read Gate occurring simultaneously. 
Read Gate while not On Cylin~er. 
Unable to Restore (RTZ) drive. 

A fault condition will immediately inhibit writing. 

This line may be cleared by Fault Clear, o~ Restore (RTZ). 

c. ~eek Error 

When the Seek Error line is true, a seek prror htls occurred. 
The error may be cleare~ bv RT? Seek Err~r indicates that 
the drive was unable to complete a ~eek. When this con~ition 
is detectpd, the drive automatically return~.the heads to 
cylincer zero. 

Note: For )fso's, if the seek address is greater t~8~ jig 
( ? 3 e Ii e x a cIt: e LMd ), 0 f f 0 1 2 9 5 9 '! i!! 1'1 f ? 4 5 9 ' ~ t i fit i!l I!! p e 8 ~ ! p 

than 525 (2~ hexadecimal); or for 7050's, if it is greater 
thanlOi' (i" h~xaneclmCll ): Seek Error 'V .. i 11 ~o true 'V7i thi n 450. 
microseconds (not the 100 nanoseconds in the standard SMD 
speci fj cati on). 

d. On Cylinder 

On Cylinder status in~icates that thp servo ha~ positioned the 
heads ~ver a track. The status is cleared ~ith either a seek 
or RTZ op~ration. 

e. Index' 

The Index signal occurs once per revolution, Rnd its leaning 
edge is considered the leadin~ ed~e of Sector Zero, typicA1ly 
a 7 byte ~ide pulse (see Figure 10). Tirnin~ integrity is 
maintained throughout spek ~ppratjons. 

f. Unit Ready 

Unit Ready true indicates that the drive is up to speed. The 
heads ar~ positioned over the recording surface, and no fnult 
condition exists. 
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g. Open Cable Detector 

The Open Cahle detect circuit (see Figure 3) disables the 
interface when the iiAn Cable is disconnectec1. 

This signal gates the desired drive number into the compare 
circuitry. 

h. Address Mark Found 

Address Mark Found is not supported by this interface. This 
line will always be fa1se. 

i. Unit Selected 

\\'hen the four Unit Select bit lines compare with the setting 
of the Unit Select switches on the adapttr, and the Unit 
S~Ject Ta~ is received, the Unit Selected line becomes true 
and is transmitted to the controller on the "B" cable (see 
Figure 11). Multiple Units Selected responses on a 
daisy-chained system indicate duplicate switch settings may 
have been used. 

j. Write Protected 

Setting the Write Protect switch on the drive's main board 
will inhibit writing an~ signal Write Protected. Attempting 
to write while protected will cause a Fault to be issued. 

k. 5epk End 

Seek End is' the OR comhination of On Cylinder or Seek Error 
indicating that a seek operation has terminated (~ee Figure 7 
for timing). 

1 • Power Sf"ql1enci ng 

POlver Sequ~ncjn~ is not supported by this drive. Pick and 
hold are interconnected to represent a Sequenced Up drive at 
all times. 

YsiPl~ the 3350 SHE, 6650 SHE, or 15450 SHE dlioes\ Both Pick 
and ~old lines must be held to ground potential for drive 
operation. If either line is open or at +1.4 volts or 
grt:?:1 teT, the CT ive wi 11 sequence down (move the heads . to the 
landing zone and stop its spindle motor) and remain s~quenced 
d~~~ until both lines are at ground potential. When this 
occurs, it will sequence up and become Ready when at speed. 

m. Busy 

The Busy' indication is not supported by this drive. 
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5. Data anc Clock Lines (Figure 12) 

a. Write Data 

This line carries NRZ data which is to be recorded on the disc. 

b. Servo Clock 

The Servo Clock is a phase-locked clock generated from the 
SE'rvo track (Figure 12). It is usec1 to serialize write data. 
~ervo Clock is available at all times (not gated with unit 
select) that the drive is Ready. 

c. Read Data 

This line transmits the recovered data in NRZ form (see Figure 
17). 

d. Rea~ Clock 

The Read Clock defines the beginning of a data cell. It is an 
internally derived clock si~nal and is synchronous with the 
recovered data as shown in Figure 12. Read Clock is in phase 
sync with Read Data within 8 microseconds after the leading 
edge of Read Gate. 

e. Wrlte Clock 

This line transmits the Write Clock signal from the 
controller, which must be synchronized with the NRZ data as 
shown in Figure 12. The Write Clock is the Servo Clock 
retransmitted to the drive during a write operation. The 
Write Clock need not be transmitted continuously, but must be 
transmitted at least 250 nanoseconds prior to Write Gate. 
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11.4 INTERFACE DC CHARACTERISTICS 

This section, through tables and figures, sets forth the details that need 
to be observed, in order to properly transmit and receive the interface 
signals listed in Section 11.2 and described in Section 11.3. 

~AII input and output signals are digital, u~ing SMD standard 
f' transmitters and receivers to provide a terminated, balanced, 

I transmission system for specified cable lengths and/or normal 
electrical environment. 

The "AU cable is a twisted pair flat cable. The "B" cable is a flat 
ribbon cable with ground plane and drain wire. Twisted pair or 
ground plane shielding, or both, are used to minimize~cross talk and 
to reduce inductive coupling. 

1. Terminated and Balanced Transmission System 

CONTROL 

Transmitters and receivers of the ~fD standard types 7Sll0A and 
75108 or equivalent are used to provide a terminated and 
balanced transmission system (see Figure 1). 

SIGNAL 8 

~I 
TRANSMITTER 

75110A 

I I , I 
- I i - I I . ..... 50 FT i..L...-

--::;-: MAX ~ 

470 OHMS r----- --, 
I I 

470 OHMS I ~ 
I I 

8~. I I 
OHMS I 

j
rt== ___ J 
I RE~~!VER 

'--- 75108 
CONTROL 

>. 3'1 ~ _____ =~_ .... 

______ ---', TRANSMITTER iNPUT 

SIGNAL A 0'1 . 

k ~ 

_ Y OUTPUT ( 1.2' V MAX 
Z OUTPUT 0.623'1 MIN 

SIGNAL 
C 

SIGNAL 8 -1).715'1 

OV-------

X
----!--10 TO 35n5 (10% TO 900,.0 LEVEL) 

3 

__________ >_._ 3V;I----_ RECEIVER OUTPUT 

SIGNAL C 0'1 . 

* Terminator resistors are on drive or adapter logic card or controller. 
These signals must be star cabled. 

Figure 1 - Typical Read/Write Data and Clock 
Transmitter and Receiver 
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Line Transmitter Characteristics 
December 7, 1981 

The SHD standard line transmitters (Figure 2) are compatible 
with the line receivers described in the next section. 

a. Output Signal Levels 

Data Signals 
Control Signals 

(see Figure 2) 
(see Figure 3) 

b. Output Line Polarity 

Control Signals: On the itA" cable, the transmitters 
(Figure 3) are connected to the I/O line so that the 
output, labeled Z, corresponds to the odd numbered pin of 
the cable connector; the output in turn connects to the 
receiver pin labeled B, except for the Unit Selected line, 
which is connected in the opposite manner. 

When transmitter and receiver are connected in this manner, 
a logical 1 into the transmitter produces a logical 1 out 
of the receiver, except for the Unit Selected line where a 
logical 1 into the transmitter produces a logical 0 out of 
the receiver. 

3. Input Amplifier (Receiver) Characteristics 

The drive's input amplifier (Figure 3) is SUD-standard 
compatible with the line transmitter described in the previous 
section. 

a. Receiver Propagation Delay 

The receiver propagation delay is typically 17 nanoseconds 
in the direction of the logical 1, and 17 nanoseconds in 
the direction of the logical O. 

b. Receiver Input Polarity 

Control Signals: The Input (labeled "B") of the receiver 
(Figure 3) is connected to the odd numbered of the pair in 
the cable and in turn conne~ted to the transmitter pin 
labeled Z .. 

Data Signals - See Figure 1. 
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r------------l 
A ...;1:....:1~ _ _r-...... -. ~~-V~I;.".1..,;",3~~==It==~-----y 
B 21 Z 12 I ~--=-..:...;..::----~--.... --- Z 

I 
I 

31 

I~ 
4: ---LJ~-----'I 

56 
OHMS· 

..L 

56 
OHMS· 

i ~ I 
A

s1 0 vis 
B 6! : : 2~-_-_~~Z~~9=====:I:====:.====: 

I V I ~ L _____ ~,,----_J ~ $ 

W· OHMS· OHMS· 

-5 V 

TRANSMITTER 75110A 

>. 3V 1,....----------
TRANSMITTER LOGIC INPUT 0 ---~ __ 0.21 MIN. 

_ _ ><J"'---I-------------z....-:'." 0.42 MAX, 

NOMINAL OUTPUT Z OV ---~: _ I 
NOMINAL OUTPUT V 

-0.308V k ~ 10 to 35ns 
>.3V

1 RECEIVER OUTPUT OV ________ ..... 

* Terminating resistors are required on all "A" cable transmitters. 
Transmitters in the drive are terminated by the terminator assembly. 
R~fer to the terminator paragraph (Section l'.~). 

Figure 2 - Control Line Transmitter 
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LINE RECEIVER' 
1K i5108 2r--------, 

" I J 

~OK UNIT SELECTED 

·5 v 

LINE RECElvE~ 
i5108 

471) OHMS 2r-------, 
~.'n <.\~I~.~S 

56 5 

OHMS· 

11( 8 

.siO OHMS 

4;"0 Ot-4~~S '2 
I L _______ --1 

56 
OHMS· 

* Terminating Resistors are located: 
A. On logic board for "B" cable lines. 
B. In a separate terminator assembly for the "A" cable. 

Figure 3 - Control Line Receiver 
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11.5 INTERFACE TIMING 

This section discusses the timing requirements for the various 
ope~ations performed on the controller interface. 

n Move to Track 100 Tag 1 (Cylinder ------! ~I ~ -=--__ -=--____ ...L-_________ _ 

. Select) -1 IE- 1.Ous TO 0 5ms 

I ~ 1.0us min. -=-:flSe1ect Head' 
Tag 2 (Head I I II'""------~, I 

Select) i I , _______ .....J-'-!i ___ .....In RTZ 
Tag 3 (Con!rol " I /. I ! . -

Select) I I I I 

ell 2 

I I 11 I I 
I I :: I I 
I I I I 
I I I I 
I! f I I 

O.2us min H ~ O.2us min I r.t 
~ J'--------+-: +-----": L-_______ _ 

I I I I 

---ITTL, I I !: . I 
I • 

I I Sf~-------~+----~-----------I 
I 
I I 1 J : 

~j~---------~~:----~----------
I I I 
I I I (~1 ______ --+..JI~ __ _'_--------

I I I 
elt 2' I: f ,,.-_____ ....AIlL..-_---.;r-_____ _ 

I I I 
I~ if:- N 1 ~: joE- 250"5 max 

On Cyl and I I " ole_------------:~LJ 
Seek End I ~ J 

Zero Track Seek -, r- Not~ 2 

; Tag , (Cyhnder n ______ ~ LI ________________________ __ 

I
I Selec tl --'!II 

f ~I --.. Nor~ 1 
OnCyland _______ ~ __ ----------------
Seek End I '-I __ --J 

~ k--Note2 

Note 1: 120 ns maximum for 3350 SMD, 6650 SMD, and 15450 SMD. See Note 2 for 
all other drives. 

Note 2: 450 ns from leading edge of Tag 1 for all drives using SMD Adapter. 

On Cylinder and Seek End signals are identical unless a seek error occurs. 
Seek error initiates a constant Seek End until RTZ clears the error. 

Figure 7 - Ta~ and Bus Timin~ 
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In the DISKOS 3350 MD, 6650 SMD, and 15450 SMD, the switch 
assignment is as fo1 

Switch 1 ON-I sets the 20 bit ( binary 1 ). 
Switch lON-7 sets the 21 bit (bi nary 2). 
Switch lON-3 the 22 hit (binary 4)Q 
Switch 10N-4 clo!;ed the 23 bit (bi nary 8). , 

Minimum 
~ Splice ---, 

F~,:,aat ~ -'.II Zeros :' 11 Bytes I Sync I Address I ;zerojs 1 
-I r- 1Sus min. 

Head rI I 
Select --..J lio-_-:-I _____ ...,I ______________ ----c J-----
(Tag 2) I: I ~ I 
Read I I I r J-/ ---

Gate . I L-J 
(81t 1) ,I I , 
Control ___ ---IIr-~--r------~I ----------------4{ : 
Select . ~ 200ns min. tE--
(Tag 3) I I 

Read 
Data 

I I 
I 
I ~----~I ___________ ~,----~v~a~I~'d~D~a~r~a~~ I~alld Data f I (J~---_411 . I 

Read Gate must be dropped prior to the write splice. rt must be 
reinitiated at least one bit after the write splice and with at least 
10 bytes of zero bits remaining in the sync field. A 12 byte example 
consists of one byte for write splice and 11 bytes for PLO sync. 

Figure 8 - Typical Read Timing 

.... .. fI'\ 
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Gate 
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f--1~US~ Jl min. 1 

I 

----'n'---------:--~ __ 
__ J_, _6._0~_'s_m_. B_X_' --IF 

If a lean operation is to be performed after index or sector, 
Re~d Gate must not occur later than F.O us after the leading 
edge of index or sector. 

A. Typical Read Control Timing 

Write Head Gap, 
Sync Pattern, 

Read Address and Data Field 
A A Read ( " r " Gate 

I I I 

14us min. IE I '--J 
I I 

O.3us min. 4 ~ I 

Write I I 
Gate 

B. Ty~ical Writp Control Timing 

Figure 9 - Control Timina 
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'\ 

I 

I 
I 
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Index 

'Sec,o,NoIe2_-n,---:--~III ~ 
Last I Last Sector Sector 

Sector 1<.' -- Sector ~-- 0 ~- 1 

• 1 i I I 

Ie!!. 6.eS miClosecolids fot 33!ie.SH'B, 6f·Se SHB sud 15450 SUB; 
966 t 25 lldl10secolzJs feS] 33~O, (65£', ]51.,50, C!tte 1979 1:1!iPl~ S}1B i\es~terpt' 
1.2[.-+ 0.03 microseconds for "J050 and 3450 using SMD Adapter. 

.... 60 t 25 It8t10SeCOticis fot 3 3 5 e t 3 3 5 e SHB. 6 65 e , 6 C 50 SHB t 1 545 e, ] 56 5 e 
S'B ;P'~ 197Q, 
1. i4 + 0.03 microseconds for 1050 and 34;0~'"~ SM!) AJ..p",e,l'. 

Figure 10 - Index and Sector ~ark 

~()t e: Thp. sec tC'r pul s e "'1 d th j s as shown in Fi gure 10 ins t earl 
of the 1.25-microsecond pulse specified in thE' st~ndarrl SMD 
spfI!Icifications. 
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0.2 usee. min. -1 
I i--r __ -IJ ft------. 
I 

Unit Sefect Tag 

Unit Select Lines 

Unit Selected 

I 
I I 

I 
I 
-I -+-------11 ~)-----"'"" 

-' J -, r-- 0.6 usec. max. _----",f 
Figure 11 - Drive Select Timing 
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• 
Note 1 r I 1 I I I I 

I I 
0 0 0 I 1 0 1 o o 

~ ~Note3 

Note 1 r-
I I I I r-

~r- ~ ~Note2 
6:tl0 

0 0 I 0 I , I 0 

-J. Note 1 ~.-

129 I 19 l"Ie:"e!!eencl! fOf 3350 SUB, EfiSe SHB, 15456 Sff'8 add 33:9, 
6659, el"l~ 15~59 ~!{"~ 5MD A~8~tep, 

155 + 12 nanoseconds for 1050 and 3~50 using SMD Ad~pter; 
186 7 15 l"Ie:"e!eeel"l~! fer 1879 ~!i"~ 5MD A~B~tep. 
69 '-10 "e"e!eeef\~:! fer 3358 gm, 6680 SHD, 15450 SHE arid 3350, 

~65e, 15450 ~!il"l~ 5MD A~8~tep, 
77.5 + 12 nanoseconds for 7050 and 3450 using SMD A~apter; 
93 I Is llaaOS€CCIllds fOl 1070 using SUD AdeI'~e!". 
60 140 lIallOS!COllds fot 3350 SHB, 6650 SHD, 15 .. 50 SHD el'1C 3350, 

6650, 15450 u!i .. ~ SHD Ach1!i~!I, 
77 ~ 52 nanoseconds for 7050 and 3450 using SMD Acapter; 
QJ t ~2 AaRe8eeefi~e fep 1970 wSiRg SM~ Adaptgr 

Figure 12 - NRZ Data and Read Clock Timing 
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I. Some hardware oriented constraints must be recognized when 
designing a format. The following is a list of those format 
parameters: 

a. Read Initialization Time 

Between the deselection of one head and the selection of 
another head, theTe is a 5 microsecond delay within the drive 
due to circuit characteristics. The time from the initiation 
of a head change until data can be read using the selected 
head is 24 microseconds maximum (5 microseconds for head 
selection, 10 microseconds for read amplifier stabilization, 
and 9 microseconds for phase lock s,nchronization) •. 

b. Write-To-Read Recoverv Tim~ 

Assuming head selection is stabilized, the time before R~ad 
Gate can be enabled sftPT switching"Wrlte Gate off is 10 
microseconcs, minimum. 

c. Read-To-Write Recovery Time 

Assurnin~ head selection is stahilizec, I the tl~P. fro~ 
dropping Read Gate to enabling Write Cate shall b~ 0.2 
microsecond, minimum. 

d. Beginning-of-Record Tolerance (see Figure 13) 

This tolerance is provided to allow for vrite splice anc 
write-to-reac recovery time for ~ultis~ctoT operations. 

This gap is 9 bytes. 

p. Read PLO Synchronization 

The synchronization time needed to allow the phase-lockec 
osci.lIator ·to synchronize is 8 microseconds of zeros. 

f. Sync Pattern 

The sync pattern consists of "I" bits, incicating tr.e 
beginning of the address or data 2!"ea (one "1" bit is the 
minimum rp.quired). 

g. Write Driver Tur~ On 

The write driver turn on time is about 0.8 t:1icrosecC'nd or 
one byte time. This time has to be accounted for to kn~~ 
where the splice areas are located. 
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2. Write Format Procedure 

Provision must be made to format the disc~ Thp following 
procedure is recommended: I A ~ .. ~~e.i"teJ {' cw"" .. ; • .s ~O""'''' .'" f'~"Y'e '3~ 
a. Select desired drive, cylinder, head and sector. 

b. The controller must provide a 5 micr~sec~nd minimUM delav 
between selecting a head and starting a search for the . 
leading edge of the sector pulse. This delay will ensure 
that the drive will be ready to WTite when the leadin~ ed~e 
of the sector is detected. 

c. Search for leading edge of desired sector. 

d. Detect le~ding edge of 5elected sector anrl raise ~rite Gat~. 

e. Vrite all z~ros for write recovery and PLO sync areas (20 
bytes mi nimum). 

f. Write a sync pattern, the ad~ress, and the address 
checkword. 

g. Write all z~ros for write ~plice gap and PLO sync field (12 
bytes mi nimum). 

h. Write a ~ync pattern, the data field, the two byte data 
fip]d ch~ckward. and th~ fiv~ byte field of zeros (see 
Figure 13).0 The data fipld should prcfernhly he a worst 
case pa t tern.

o 

i. The end tolerance gap specified by the standard s~m 
specification is not required by this drive. However, if 
it is us~d, it is preferable to write zeros to the next 
sector pulse. 

j. If the next SEctor of the same track is to be formatted and 
the head is not deselected, the Write Gate should be left 
on. In this case, all zeros should be written until the 
leading e~ge of the ~ext sector or index pulse. 
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Index / Sector Fixed Sector Index I Sector 

N Identical Sectors I 
tl~ ------~I--------~I~ 

I 
Write PLO Address Write PLO Sync CRC EOR 
Recovery Sync Splice Sync Pattern Data Pad 
14 Bytes " Bytes 8 BytE:s 1 Byte 11 Bytes 1 Byte 2 Bytes 1 Byte 

-------------- -.... ..... -... .... 
-=.. -------, ---

SynC Flag Status Upper 

I 
Lowe!' 

and Head Sector CRC CRC Pattern 
Logical Unit 

Cylinder Cylinder 

Tl = Time between leading edge of index/sector and read gate is 
8 bytes. A splice point may exist within this area. 

Example: What is data field length usin~ 66 sectors? 

Data Field = Total Bytes/Track 
Number of Sectors/Track 

= 20,160 - 49 = 256 Bytes/Sector 
66 

(Sync Fields, Tolerance 
Gaps, and Addresses) 

~ut DATA = 256 Bytes/Sector is a reasonable size 

% Efficiency = 256 X 66 X ]00 
20,160 

* 20,160 usable bytes per track. 

= 83.8% 

Note: Write Recovery is 14 bytes instead of 16 bytes and EOR Pad is 1 byte instead 
of 8 bytes as suggested by the standard SMD specifjcation. 

Figure 13 - Sector Format 
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3. Control Timin~ (Figure 8) 

a. Read 

The control line associated with a read operation is the 
Read Gate line. 

The leading edge of Read Gate forces the phase locked 
oscillator to synchronize on an all zeros pattern. Read 
Gate also enahles the output of the data separator onto the 
I/O lines. There may be invalid data transitions on these 
lines during the synchronization period. Read Gate must be 
dropped and raised again after going through a splice 
area. Read Gate may be enabled 60 + 4 clock periods after 
the leading edge of index or sector7 

Th~ sync pattern search may begin 48 servo clock periods 
after the leading edge of Read Gate. 

Head switching and read amplifier stabilization (see Figure 
8) shows the latest acceptable time at which a head can be 
selectee in order to read the next successive sector using 
the format shown in Figure 13. 

Read Data and Read Cloc~ may not have valid data until 8 
microseconds after the l~ading edge of Read Gate, due to 
phase lock synchronizing.time. 

There should be no splice area after Read Gate is raised. 

b. Write Data Field 

The control line associated with a write operation is Write 
Ga tee 

The sector address must always be read and verified prior 
to writing the data fiela, e~cept while f~rmatting. 

J 
When writing th~ data field it must always be precedeo by 
writing the PtO sync field and sync pattern. 

Th~ controller must provide an interval delay of at least 
two bit times (approximately 240 nanoseconds) between the 
trailing eage of Read Gate and the leading edge of Write 
Gate. This delay will allow for signal propagation 
tolerances and prevent a possible overlap of Read and Write 
Gates in the drive. 

Writing the data field mu~t always be followed by writing 
the checkword and at least an ~ight bit gap of zeros at the 
end of the checkword. 

During formatting, Write Gate is raised upon detecting 
index or secto~. During a record update, Write Gate is 
raised within two byte times after the last bit of the 
address. 
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