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1.0

SERVO

1.1

BASIC SERVO FUNCTIONS

Nisha servo contrel functions are handled by o 28
microprocessor. The 268 handles a1l 1/0 operations, timing
operations and communication with a host controller. Control
functions to the Z8 Servo Controller are made through the

serial 1/0.

The following commends for the Nishe servo are:

A. INHIBIT SERYO - not detented, heads off date zones located

at the inner stop.

B. SET BRAKE - performs recal operation all the way to outer
crash stop, holds brake to insure latching then inhibits

servo back to inner crash stop.

C. RECAL - 72, -0, +3 tracks from HOME. Used to initialize

into data zone.
Se K

D ACCESS - coarse track positioning of date head to eny

desired track location.

E. DFFSETWTVRACK FOLLOWING - 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 auto-
matically move off track by the amount indiceted by
the embedded servo signal on the data surface (disk).

F. STATUS - command can read servo status.

@fappia computer inc.
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See Table 1 for the actual commend description. With the
present command structure 8 SEEK COMMAND can be augmented
with an OFFSET COMMAND. Upon completion of a seek, the
offset command bit is tested to determine if an offsetl will
accur following e seek {either suto or cornmand offeet).

when 8 SERVO ERROR occurs the 28 SERVO will attempt to do
a short RECAL (ERROR RECAL). Two attempts are made by the
system to do the ERROR RECAL function. If either of the two
RECAL operations terminate successfully the protocol status
will be SERV(Q READY, SIQ READY and -WRITE SAFE. Should
the ERROR RECAL fail then the system will complete the
error recovery by a inhibit servo function.

The two OFFSET commands will be described. First COMMAND
OFFSET is 8 predetermined amount of microstepping of the fine
position servo. Included in the OFFSET BYTE (STATREG) bit
B6=0 is 8 COMMAND OFFSET. Bit B7-1 is a forward offset step
(toward the spindle); B7=0 is a reverse step. If bit B6-1, the
OFFSET command is AUTO OFFSET.

AUTO OFFSET command normally occurs during a8 write
operation. When the HDA was initially formatted at the
factory, special encoded servo date weas written on each track
“near” the index zone. The reason for this follows:
"Normal coarse and fine position informetion for the
position servos is derived from an opticsl signal relative
to the actual dets head-track location. Over a period of
time, the relative position {opticel signal) will be mis-
sligned to the absolute head-track position by same
unknown amount (less than 100 uln). This small change
is important for relisbility during the write operation
Write/Read reliahility can be degraded due to this mis-
alignment. The special disk encoded servo signal is
available to the fine position servo. It will correct the
difference between the relative position signal of the
optics and the absolute head to track position under the
data head only & index time. The correction signal can be
held indefinitely or updated (if desired et each index time)
until a new OFFSET commend or move command (SEEK or
RECAL) occurs.”
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COMMUNICATION FUNCTIONS

The servo functions described in the previous section only occur
when the servo 26 microprocessor is in the communication state.
Communicetion states accur immedistely after & syster reset,
upon comnpleting head setting after a system reset, upon completing
head setting after & recal, seek, offset, read servo status or set
servo diegnostic cornmand. A special communication state exists

8 servo error has occurred. If + SI0 READY is not active, no com-
murication cen exist between the external controller end the servo

20 processar.

Servo commands ere serial bits grouped as five seperate bytes
total. Refer to Table | parts | through V for the total communi-
cation string. The first byte is the command byte (i.e. seek, read
status, recsl, etc.). The second byte is the low order difference for
a seek (i.e. Byte 2 = $0A is & ten track seek). The third byte is the
offset byte (AUTO or COMMAND OFFSET and the magnitude/direction
for comrmand offset). The fourth byte is the status byte (use for
reading internal servo status) 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 serve Z8 pracessor and the external controller.

g?s,qpple computczt INC.
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3.0

8 SERVO PROTOCOL

The protocol between the 28 SERVO microcomputer and the CON-
TROLLER is based on five 1/0 lines. Two of the 170 lines ore serial
input (to 28 servo from controller) serial output {from 26 servo to
controller). Data stream between the 28 servo and controller is &
bit ASCII with no perity bit (the fifth byte of the command string
contains check sum byte use for error checking). There are three
additionsl output lines between the 26 servo used as contral lines
to the contreller. Combining the two cerial 170 lines and the three
unidirectional port lines generates the beses of the protocol
between the Z6 serva and controller. The impartant operations
between the Z8 servo and controller are:

Send commands to 28 servo.

Read Z8 servo status.

Check validity of all four command bytes.

I/0 timing signals between the Z8 servo and controller.
28 servo reset.

Ao Wb -

Sequencing the Z8 servo controller is an important process fol-
lowing 6 Power Up or if the controller should issue & 28 Servo

Reset at any time. After a 28 Servo Reset is inhibited, the Z8 1/0
ports and internal register are initialized. This takes approximately
75 maec after the 28 Servo Reset is inhibited. The protocol bsud
rate is automatically set to 58.59KB &nd then the system is parked
6t HOME position by inhibiting the SERYO and SI10 READY is set
active.

Before the controller transmits the command byte the controlier
must poll the SI0 READY line from the Z8 cervo to determine if it
ic active (+3 volts). If the line is active then a command can be
transmitied to the Z6 servo. The program in the Z8 servo will
determine what to do with the command bytes (depending upon the
current status of the 26 servo). After the command (five bytes
long) has been transmitted to the Z8 servo, the program in the Z8
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servo will determine if the command bytes (first four bytes) ere in
error by evaluating the check sum byte (fifth byte transmitted).
After the controller has transmitted the last serial string and
-WRITE SAFE is true (0V) it must wsit 250 U sec then test far
-WRITE SAFE. If -WRITE SERVO is high the commend wes rejected
(check sum error or invalid command). |f -WRITE SAFE is set in-
active 600 U sec after the cormmand is sent (and not 250 U sec), this
was a command reject. This unsafe condition must be cleared by o
READ STATUS COMMAND or RECAL COMMAND before transmitting
another cornmand. If SERVD PEADY is low then this protocol is not
velid since SERY0 READY is goted with SERY0 ERROR &nd on track to
generate -WRITE SAFE. This protocal is only effective if the drive
is track following (SERVO READY is true).

As long as S10 READY is active the controller can communicate
with the Z8 Servo Controller. If SERYO READY is not active the
only command that will cause the Nisha Servo to set SERVO READY
active is a RECAL COMMND. Read Status will only clear SERYO

'ERROR if SERVO READY is also true, and all other commends will

be rejected.

Next, if SERVO READY is high and -WRITE SAFE is also high,

-WRITE SAFE can be cleared by:

1. Any READ STATUS COMMAND.

2. Any RECAL COMMAND.

3. Any other commands will be rejected and maintain -WRITE SAFE
fl | SIZE DRAWING NUMBER
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4.0

If 8 SEEK COMMAND 1s trensmitted with both SERVO READY and
-WRITE SAFE octive, the commend will be rejected.

It i important to check the stetus of all three status hines from
the 28 Servo. It is best to avoid sending 8 SEEK COMMAND with
SERVO READY and -WRITE SAFE inactive. |f a seek length of 1024
or great is sent, the commeand will be rejected and -WRITE SAFE
will go high.

Chart ¥V, parts A-1, illustrate some of the serial cormmunciation
cammmands and error conditions thet can occur between the con-
troller and 26 SERVQ.

ERROR HANDLING

-WRITE SAFE will be generated during the following conditions:

1. During Recal made (velocity control only) sccess time-out. |If
8 Recal function exceeds 220 msec then an access timeout
occurs. '

2. During Seek mode (velocity control only) access time-out. If
a Seek function exceeds 220 msec then an access time-out
occurs.

3. During Settling mode {fellawing & Recal, Seek, or Offset) if
there is excessive On Track pulses (3 crossings) indicating

excessive head motion, a Settling error check will occur.

4. During a command transmission if 8 cormmunicetion error occurs
{check sum error).

5. During 8 cornmand transmission if a invalid command is sent.
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28 SERVO COMMAND BYTES

FUNCTIONS

access only (chl’)
access with offset (sec /:)
dets recel

set breke

offset-trk following

inhibit servo

read status command

TABLE 1
. BYTE 1. COMMAND BYTE (DIFCNTH)
' B7 B6 BS B4
--- 1 0 0 O
B7 1 0 0 1
command B6 0O 1 0 0
bits BS o 1 1 1
B4 0 0 0 1
--- t 1+ 0 0
0 0 0 0O
B3 - access direction
access B2 - NOT USED{command will
bits will go high)

B1 - hidiff2(512)
BO - hi diff1 (256)

be rejected -WRITE SAFE

-MAXIMUM seek length is +/-1023

access direction

hi diff2 (512) 1 (512 tracks to go)

0 (not set)

hi diff 1(256) 1 (256 trecks to go)

0 {(not set)

. BYTE 2. DIFF BYTE (DIFCNTL)

1 (FORWARD: toward the spindle)
0 {(REVERSE: away from the spindle)

commiand BYTE 2 contains the LO'wW ORDER DIFFERENCE CQUNT for & seek

B7-bit7 = 128 tracks
B6-bit6 = 64 tracks
B5-bitS = 32 trecks
B4-bit4= 16 tracks
B3-bit3 = 8 tracks
B2-bitZ2= 4 tracks
Bi-bit1 = 2 tracks
BO-bit0O = 1 track

s
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Il  BYTE 3. OFFSET BYTE (STATREG) )

command BYTE 3 contains the INSTRUCTION for an OFFSET COMMAND (seek
or during track following)

B7-offset direction
B6-auto offset function
BS-not used

B4-offset Bitd=16
B3-offset Bit3=8
B2-offset Bit2=4
Bl-offcet Bit1=2
BO-offset Bit0=1

1. if offset command from BYTE 1 is followed by bit6 set (auto offset);
offset direction (bit7) read offset (bit5) and bits 4-0 are ignored
but should be set to 0 if not used.

OFFSET DIRECTION = 1| (FORWARD OFFSET: toward the spindle)
= 0 (REVERSE OFFSET: away from the spindle

Ny

™

AUTO OFFSET 1 {(normally used preceeding a write operation)
0 {manusal offset: MUST send direction and

magnitude of offset)

V. BYTE 4 STATUS BYTE (CNTREG)

B7 - NOT USED
B6 - NOT USED
B5 - NOT USED
B4 - NOT USED
B3 - status or diagnostic bits
B2 - status or diagnostic bits
B1 - status or diagnostic bits
BO - status or diagnostic bits

P SIZE DRAWING NUMBER
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(.
V. BYTE 5: CHECKSUM BYTE (CKSUM)
[B7 B6 B5S B4 B3 B2 B1 BO)
results of the transmitted CHECKSUM BYTE are derived e
(BYTE 1 + BYTE 2 + BYTE 3 + BYTE 4) - CHECKSUM BYTE
(+) is defined as the addition of each BYTE
(BYTE) i< defined as the compliment of the BYTES (1-4)
V1.  The SERVO STATUS lines (S10 RDY, SERY0 RDY, SERY0 ERROR)
must have the following conditions in order to send the listed
26 COMMANDS:
SERVO STATUS
(-)
S S W
P | R R
o v T
R R S
D D A
Y ¥ F
726 SERVO CMD HEX
access {only) 8% 1t 1 0
access{offset) 9X 1 1 0
recal{datsa) 40 1 X X
set brake 70 1 X X
inhibit servo co 1 X X
offset(detent) 10 1 1 0
status 00 1 X X
X = either 0, 1
\
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( CHART V  A-POWER UP o

«— 50m APPROX

28 SERVO RE SET7///

SIO RDY%

SERVO RDY,

< ———>>

74

- WRITE SAFE;
7

NN N N §¥

SIO :CONTROLLERy////

N/S - NOT SPECIFIED

R

—250uSEC MIN

C-AFTER POWER UP-INVALID CMD
SIO RDY ‘
’ —» 600uSEC je—
SERVO Rov_% A
— WRITE SAFE Z
SIO‘SERVO—
STO-CONTRL OOGOEY
B2 B4
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( 'CHART X

D- READ STATUS COMMAND

1 O -
SI0O RDY N N mSEC
SERVO RDY—
. ]
g —
~ WRITE SAFE e 'Ogé’s"-gs
SIO - SERVO
STO CONTRL Bl B3 CS B2 B4
B2 B4
E-TRACK FOLLOWING SERVO ERROR-
i "INVALID COMMAND
SIO RDY %S o
VO RDY '
SER T Z50uSEC— ==
— WRITE SAFE |
SIO*SERVO
STIO+*CONTRL Bl ~BS &9
B2 B4
F-TRACK FOLLOWING ss;:gvo ERROR -
510 RDY READ STATUS <—|m SEC
‘—®-’1" E‘“IOO uS
SERVO RDY— N/S
- WRITE SAFE
B2 B4
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-Bl B3 _CS

[ CHART V G- TRACK FOLLOWING VALID COMMAND (MOVE)
‘ IN/SI
N/S |
SIO RDY % ! B L
2 7 ‘ l I
SERVO RDY R
55 L :
~ WRITE SAFE s
SIO « SERVO ¥y L1

SIO.CONTROL—
B2 B4

H-TRACK FOLLOWING (MOVE CMD) FOLLOWED
BY SERVO ERROR

SI0 RDY P /V//////»
SERVO RDY
| £ § -,”ftf/ Z
— WRITE SAFE | et
SIO - SERVO L1
| B2 B4
I-TRACK FOLLOWING (NO CMD) SERVO
ERROR
SIO RDY N5,
R (W72
Y, Y '
SERVO D L,
~ WRITE SAFE o
SIO -SERVOz '
SIO-CONTRLz
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NISHA R/W BLOCK FUNCTIONAL DIAGRAM
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~ >‘—“—’ MECHANICAL 0128851 H.S
INDEX 3 SECTOR/INDEX 7
SENSOR DECODER
H U4 LM311
2
15 MHZ
60 RD 6T
Ut. LSl - o ar
WRT DATA a
ENCODE § SECTOR (el TO Pl
DECODE NRZRDATA
PHASE COMPARATOR RDngTXCLK
65 WRITE PRECOMP
INDEX/SECTOR -
13 56 | WRITE DATA u13 | HD O
™ WRITECURRENT | 19 7 sl 117
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US. POST. AMP
68 67 32 31
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01y U12 -85 117
FIXED PATTERN
CHA 1 : PINS-RX
CHA 2 - PIN9 -RY
S0 my/div
1.0 uS/div
OFFSET - 57V
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9.2} U12-MC 1350
FIXED PATTERN
CHA 1 : PINB - R¥
CHA 2 : PIN 1 -RY
5¢ mV/diy
1.0 uS/div
OFFSET - 042 ¥

9.3} UG - POST AMF. MOD.
FIXED PATTERN
CHA 1 : PIN 28 -RX
CHA 2 : PINT-RY
S50 my/div
1.0 uS/div
OFFSET - 042V

KNV
NAAAARA
ABANRRRAI
]




WRITE YARIFY - FIXED PATTERN :

CHECK BOTH HERD 0 ANMD HERD 1
§.6-1) UG- POST AMP

CHA 1:PIN7 - SIG X

CHA Z  FINS - GIG Y

180 DEGREE OUT OF PHASE

1 W/DIV

0.2 us/DIY

WRITE YARIFY - RANDOM PATTERN :

CHECK BOTH HERD O AND HERD 1
6.6-2) UG - POST AlMP

CHA 1:PIN7 - SIG X

CHA 2 :PINS-SIGY

1 V/DIV

0:2 uS/DIV
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8.7) UG - POST AMF
PIN22 - AMPLITUDE CONTROL YOLTAGE : APPROX . 3.19 ¥
PIN & - COMMAND CONTROL VOLTAGE : APPROX. 3.105 ¥
FIN21 - PEAK FOLLOWER : 4.45 ¥

6.5) UG - POST AMP
PLACE THE DVIM PROBE ACROSS R62 TO MEASURE LOW
CURRENET AND NORMAL CURRENT.

LOYW CURRENT -- 18 mA * 1mA
NOR CURRENT -- 21 mA + 1mA

8.9) U2 POSTION DEMOD.
PIN 27 - CLIP THRS. APPROX. -0.5¥ DC.
PIN 21 - POSTION ERROR : 0.0 ¥V + 0.05Y.

8.10) U2 POSTION DEMOD.
PIN 1 OR TP29 - VCO CONTROL YOLT APPROX. 1.51 ¥ DC.
PIN 186 - LLNW APPROX. 1.51 ¥ DC.

25 .



9.14) U6 - 261532
CHA 1 :PIN 1 - INPUT
CHA 2 FIN 2 - INFUT
1 V/DIV
0.05 uS/0HY

9.12) U6 - 26L532
CHA 1 :FIN 3 - VCO. (2F- 15MHZ)
2 V/DIV
0.05 uS/DIV

9.13) Ub - 26LS832
CHA 1 :FIN 13 - READ PULSE. (MARGIN)
2 V/DIV
0.2 us/DIV

18.
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Ut1-10116

.

y N
o) ‘

I3

Epbt e s

PIN 12

CHA |

PIN 13

0.5 V/DIV

CHA 2

5 uS/DIV

0

Uti-10116

PIN 14

CHA |

PIN 15

1 V/DIV

.

CHA 2

0.5 uS/DIV

i
{
i




¢ +5 VCC

fetferceres
TP14 J7
e & o
I rses N
U8 ’?\ \
> ) WWW— 151 1
516 -X 290 V11 ‘
+5 —0 I
F€'95;330 g 70
e < f oL 10117
COMMAND l R4 % ¢ kP85
CONTROL 3 = SGZé _J_-Of 1
vOLT 1K 3 ? ,775'\/ ACT AS VOLTAGE
- ) COMPARATOR
R92 : ,Lcé9
3K & 3940 7 2RP
Ug-21 ‘,——j pf 8>
POWER ‘ 1
FOLLOWER >
. a9 . — V10 =10
R36 v
u-85 MWM—— Ho ;
$6 -y 390

P13



9.7)U11 - 10116
" CHA 1:PINS -SIGX
CHA 2 -PIN4-3.5 VDL
CHA 3 :PIN 2 - OUTPUT
IR
0.5 uS/DIV

ge)ult - 10116
CHA 1 :PIN10-SIG Y

CHA 2 :PING -3.5 VDL

CHA 3:PING - QUTPUT
1.0 V/DIV
0.5 uS/DIY

|o,



ur - 3
VCO
RSEX

4

20 .

C64 —
0.1 |
5v
R79 4 16
A — O 5 >
562
P VCO
: T INHIBIT
Ce3 ——
22PF R111
—AA—
e 1.0K
) RB3
1.0K
R84
560




B.11)US-10116 :

CHA 1 : PIN 2 AND PIN & (3.9Y DC OFFSET) §

CHA 2:PIN3 - AFFROX. 4.13 ¥ DC.
0.5 V/DIV
0.05 uS/DIV

8.12) US-10116
CHA 1 :PIN 14
CHA 2 - PIN 15 (3.7 ¥ DC OFFSET)
0.5 Vv/DIV
0.05 us/DIVY

2l
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+5V
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W
_L ca
R48 __J__ o
750 é -
J7 -1 > UL - LSI
INDEX SENSOR @ Vv > MS IN
7 - 2 ) RS0
51 300
24K
Q
§ R52
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9.15) U4 - LM311
CHA 1:PIN3 - INDEX
CHA 2 :PIN 7 - MS IN.

CHA 3 : TRIGGER ON INDEX TF28.

2NM/DIV
1 mS/DIV

23



"B.1)UT - LSI CHIF |
CHA 1 FIN 25 -- XTL-% (15MHZ)
CHA 2 : PIN 24 -- XTL-Y (151MHZ)
2N/DNY .
0.05 uS/DIvV

§2)U1 - LSI CHIP
CHA 1 :PIN 65 - 2FVCO (15MHZ)
2 \ViDIY '

0.05 us/DIv

§.3) U1 - LSI CHIP
CHA 1:PIN 28 - MOTOR CLOCK
2V/DIV
0.2 us/DIV
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g8)UIC- 10116
CHA 1 :PIN 14 - OUTPUT
CH& 2 : PIN 15 - OUTPUT
1 VDIV
0.5 usS/DIVY

g9)yu10o - 10117
CHA 1 :FIN 3 - OUTPUT
CHA 2 : PIN 2% - OUTPUT
1 ‘-l,..’f[]w 2
0.2 us/Dv




9.10) U9 - 10117
CHA 1 PIN14 - OUTPUT
CHA 2 :PIN 15 - OUTPUT
0.5 V/DIV
0.2 us/DIY
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g.11) U7 - 10116
CHA 1:PING - OUTPUT
0.2 V/DIV
0.2 uS/DIV
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