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1.0 SERVO 

1.1 BASIC SERVO FUNCTIONS 

Ni she servo control func t1 ons erE' hendl ed by e ZEi 
microprocessor. The 28 handles 611 I/O operations} timing 
operet ions end communi cet 1 on wi th a host controller. Control 
functions to the 28 Seryo Controller are rn8de through the 
seri 01 I/O. 

The following cOrY,mends for the Nishe servo 6re: 

A. INHIBIT SERVO - not detented) heeds off dote zones loceted 
6t the inner stop. 

B. SET BRAKE - perforrris recel operation ell the wey to outer 
cresh stop} holds broke to insure latching then inhibits 
servo back to inner crash stop. 

C. RECAL - 72) -0 1 +3 tracks from HOME. Used to initielize 
into dote zone. 

s<-~k-
D ACCESS - coerse trock posi ti oning of dota head to 6ny 

desi red track 1 ocat ion. 

(j)v' 

E. OFFSET TRACK FOLLOW I NG - controlled rni crosteppi ng of 
fine position system during TRACK FOLLOWING (two modes). 

1. COMMAND OFFSET - direction ond arnount of offset is 
speci fi ed to the servo. 

2. AUTO OFFSET - cornmand allows tr,e servo to euto­
matically move off track by the amount indic6ted by 
the embedded servo sign61 on the dat6 surfece (disk). 

F. STATUS - comm8nd con reed servo status. 
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See Tab 1 elf or the ectuo 1 comrrlond descri pt 1 on. With the 
present commond structure 0 SEEK COMMAND con be ougrnented 
with an OFFSET COMMAND. Upon completion of 8 seek) the 
off set comm8nd bi tis tested to deterrni ne if 8n off set wi 11 
(I C cur f (I 11 0 \'\' i n g e seE' ~~ (e it h E' r 0 LJ t (I (I r (0 rn rn 0 n d (I f f ~; E' t ) . 

When e SERVO ERROR occurs trl€ 28 SERVO wi 11 8t tempt to do 
a short RECAL (ERROR RECAL). Two et tempts ere mEJde by the 
system to do the ERROR RECAL function. I f either of the two 
RECAL operotions terminate successfully trle protocol status 
will be SERVO READY) SID READY and -WF:ITE SAFE. Should 
the ERR 0 R R E CAL f 0 11 the nth e s y s tern w 111 C (I n', p 1 e t e the " 

error recovery by 'e i nhi bit servo f unct ion. 

The two OFFSET commends wi 11 be descri bed. Fi rst COMMAND 
OFFSET 1 s a predeterrni ned amount of mi crosteppi ng of the f1 ne 
position servo. Included in the OFFSET BYTE (STATREG) bit 
B6=0 is e COMMAND OFFSET. Bit 87-1 is a forword offset step 
(toward the spindle); B7=0 is e reverse step. If bit 86-1) the 
OFFSET command is AUTO OFFSET. 

~ AUTO OFFSET command norrnally occurs during e write ~ operet i on. When the HDA wes i ni t i ell y f orrna t ted et the 
f actorYI speci al encoded servo deto wos wri t ten on eech trock 
"neer" the index zone. The reoson for this follows: 

"Normal coerse end fi ne posi t ion i nf orrnoti on for the 
posi ti on servos is deri ved from en opt i co 1 si gnal re 1 EJU ve 
to the octu81 doto heed-track 1 ocet i on. Over a peri cd of 
tim e., the re loti ve P (I S it ion (0 P tic 81 s i 9 n 0 1) will be m i s -
81 i gned to the absolute heed-track posi t i on by safne 
unknown em aunt (l ess than 100 u In). Th; s smoll chenge 
is i rnportont for re 11 EJbll i ty duri ng the write operoti on. 
WrHe'/Reed re 1 i ebi l1ty can be degroded due to thi s rni s-
ellgnrnent. The special disk encoded servo signal is 
ovoil ob 1 e to the fi ne posi ti on servo. I t wi 11 correct the 
di ff erence bet ween the re lot i \Ie POS} t 1 on si gnal of the 
optics end the absolute heed to treck position under the 
doto heed only 8 index time. The correct ion S1 gno 1 C8n be 
held indefinitely or updated (if desired ot eoch index tirne) 
until 0 new OFFSET command or move comn-Iond (SEEK or 
RECAL) occurs." 
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2.0 COMMUNICATION FUNCTIONS 

The servo functions de~;crjbed in the previous section only occur 
when the servo Z6 rnicroprocessor is in the communication stete. 
Corn n"j u n i Co t1 (I n ::: tot E';. 0 C cur j rn rn e d i 8 tel y 8 f t e r 6 S Y ;. tern res e C 
upon cornpleting head setting after e systern reset l upon completing 
heed setting efter fl recel l seek, offsetl reed servo status or set 
servo di6gnostic cornrrl6nd. A speci61 communic6tion stete exists 
e servo error has occurred. If + SID READV is not 8ctive l no corrt-
rnunicotion con eXlst between the external controller ond the servo 
Z 8 processor. 

,., 

Servo (:omrn6nd~. are seriel tdts grouped 8S five seperote bytes 
toto 1. Ref er to T etd e 1 Darts I through V for the totel comrnuni-
c6tion string. Tt-te first byte is the con-tn"tand byte (Le. seekl reed 
status I recel l etc.). The second byte is the low order di ff erence for 
6 seek (Le. Byte 2 = $OA is a ten treck seek). The thi rd byte is the 
offset byte (AUTO or COr'1r'1AND OFFSET and the megnitude/directlon 
for comrnemd offset). The fourth byte is the stetus byte (use for 
reoding intern61 servo statu~;) Byte five is the check sutrt byte used 
to check veri fy thet the fi rst f our bytes were correctl y transn)i t ted 

~ (comrnuni C6t i on error checki ng). ~ 
Pert of the cOtrlmuniceti on function requires e specific protocol 
bet ween the servo Z8 processor 6nd the external controller. 

I 
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3.0 28 SERVO PROTOCOL 

The protocol bet ween the Z8 SERVO microcornputer end the CON­
TROLLER is based on five I/O lines. Two of the I/O llnes 6fe seriol 
input (to Z8 servo f rorrl cant ro 11 er) seri 61 output (f rorrl Z6 set-va t (I 
controller). Doto streorrl between the Z8 servo ond controller is 8 
bit ASCII war, no parity bit (the fifth byte of the commend string 
contei ns check surn byte use for error checki ng). There ere three 
eddi t i onEIl output 11 nes bet ween the Z8 servo used 6S control 11 nes 
to the contro 11 er. Combi ni ng the two seri e1 I/O 1 i nes and the three 
unidirecUono1 port lines generates the bose::; of the protocol 
bet ween the Z6 servo end contro 11 er. The i IT,portent operaU ons 
bet ween the Z8 servo end contro 11 er ore: 

1. Send comrnends to 28 servo. 
2. Reed 28 servo st8tuS. 
3. Check validity of ell four commend bytes. 
4. I/O t i mi n9 si gno 1 s bet ween the ZB servo ond contro 11 er. 
5. 28 servo reset. 

Sequenc:i ng the Z8 servo contro 11 er is en i rnportent process f 0 1-
lowing e Power Up or if tr,e controller should issue 6 28 Servo 
Reset et any ti 01e. After a 28 Servo Reset is i nhi bi ted) the 28 I/O 
ports and internal register are initialized. This takes approximately 
75 msec after the 28 Servo Reset is inhibited. The protocol baud 
rete is outom8t i c811 y set to 58.59KB end then the system is DBrked 
at HOME position by inhibiting the SERVO end 510 READY is set 
active. 

Before the controller tronsmHs the commend byte the controller 
must poll tt,e SID READY line from the Z8 servo to deterrnlne if H 
is Bctive (+5 volts). If the Hne is ective then a cornmand CBn be 
transrni t ted to the 26 servo. The prograrr, in the 28 servo wi 11 
determine whet to do with the command bytes (depending upon the 
current status of the 2B servo). After the cornrnand (five bytes 
long) has been transmit ted to the 28 seryo} the program in the 28 
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servo will determine if the commend bytes (first four bytes) ore in 
error by evelueting the check surrl byte (f1fth byte trensrnitted). 
After the controller hos tronsmltted the lest serlel string end 
-\A/RITE ~;AtE is true (OV) it rnust "volt 250 U sec then test for 
-WRITE SAFE. If -:WRITE SERVO 1S high the cornrntmd wes rejected 
(check sun"1 error or invelid cornrnend). If -WRITE SAFE is set in-
ect i ve 600 U sec ofter the cornn"tend i ssent (end not 250 U sec) I thi s 
W 0 5 8 com rn ~ n d re j eel. T his un S 6 fee 0 n d i ti on rn u~: t be c 1 eo re d by 0 

READ STATUS COHMAND or RECAL COMt1AND before tronsmitling 
another cornrnend. I f SERVO READY is loV'.' then thi s protocol is not 
volld since SERVO READY is gated with SERVO ERROR end on tn:tck to 
generete -WRITE SAFE. This protocol is only effective if the drive 
1S traci< following (SERVO READV is true). 

As long 8S SIO READV is active the controller cen comrnunicete 
with the Z8 Servo Controller. If SERVO READV is not ective the 
only commend thet will ceuse the Nisrle Servo to set SERVO READV 
ective is 0 RECAL COMt1ND. Read Stotus will only cleElr SERVO 
ERROR i fSERVO READV j s el so true J end ell other comrrlflnds wi 11 
be rejected. 

Next l if SERVO READV 1S high end -\AlRITE SAFE is elsa high) 
-WRITE SAFE con be cleared by: 

1. Any READ STATUS COMMAND. 

2. Any RECAL COMMAND. 

3. Any other comrnends will be rejected end mei ntel n -VvR ITE SAFE 
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If e SEEK COMt·1AND is transmitted with both SERVO READY ond 
-WRITE SAFE octive l the cornmond will be rejected. 

It i~. irnportant to check the St5tLJ~: of all three statU:. 1ine~. frorn 
the Z8 Servo. It i ~ bes t to ovoi d sendi ng 0 SEEK C Or'l~lAND with 
SERVO READY end -WRITE SAFE inactive. If a seek lengt~1 of 1024 
or greet is sent, the corrlm6nd will be reJected 6nd -WRITE SAFE 
wi 11 go hi gh. 

Chert VI parts A-II illustrate some of ttle seriol cornrnunciotion . 
corrlrnond~. and error condl ti ons that con occur bet ,"veen the con­
troll er end 28 SERVO. 

4.0 ERROR HANDL I NG 

-WRITE SAFE will be generated during the following conditions: 

1. Duri ng ~:eca 1 rnode (vel oei ty control only) access t i rne-out. If 
a Recal function exceeds 220 rnsec 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 (following a Recel .. Seek .. or Offset) if 
there is excessi ve On Treck pul ses (3 crossi ng8) i ndi cot i ng 
excessive head motion l a Settling error check will occur. 

4. During a cornrnond tronsrnission if 6 cornrrlunicotion error occurs 
(check surn error). 

5. 0 u ri n 9 a corn man d t ran s rrli s s ion if a i n vol ide 0 m rn and iss e n t. 
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Z8 SERVO COMMAND BVTES 
TABLE 1 
I. BVTE1: COMMAND BYTE (DIFCNTH) 

B7 B6 B5 B4 FUNCTIONS 

cOITlmond 
bits 

B7 
B6 
B5 
B4 

100 0 
100 1 
o 100 
011 1 
000 1 
1 1 0 0 
000 0 

B3 - 6ccess direction 

6ccess only (Sec./:) 
6ccess with offset (5e(k.) 
doto recol 
set broke 
off set -trk f 0 11 owi ng 
i nhi bi t servo 
reod stotus cornrnond 

6ccess 
bits 

B2 - NOT USED(comrnend will be rejected -WRITE SAFE 
wi 11 go hi gh) 

B 1 - hi di ff2 (512) 
BO - hi di ff 1 (256) 

. MAXIMUM seek length is "/-1023 

occess direction = 1 (FORWARD: toword tt,e spindle) 
= 0 (REVERSE: owoy from the spindle) 

hi diff2 (512)· = 1 (512 tracks to go) 
= 0 (not set) 

hi di ff 1 (256) = 1 (256 tracks to go) 
= 0 (not set) 

II. B VT E 2: D IFF B YT E (D I Fe NT L) 
comn)ond BYTE 2 contoins the LO'w ORDER DIFFERENCE COUNT for 0 seek 

B7 -bi t 7 = 128 tracks 
B6-b; t6 = 64 trocks 
B5-bi t5 = 32 trocks 
B4-bi t4 = 16 trocks 
B3-bit3 = 6 trocks 
B2-bi t2 = 4 tracks 
B I-bit 1 = 2 trocks 
BO-b; to = 1 trock 

r SIZE DRAWING NUMBER 
I.. .apple! computer Inc . ....-.-\ ....... __ --.... ____ ..... 

SCALE: 1 SHEET OF 



.. 
III. BYTE 3: OFFSET BYTE (ST ATREG) 

cornrnand BYTE 3 contains the INSTRUCT ION for en OFFSET COt1MAND (seek 
or durl ng trock f 011 oWl ng) 

57-offset direction 
B6-auto offset function 
85-not used 
B4-off set Bi t4= 16 
B3-offset Bit3=8 
B2-offset Bit2=4 
B l-offset Bit 1 =2 
BO-offset BltO= 1 

1. if off set comrnend frorn BYTE 1 is f 011 owed by bi t6 set (euto off set); 
offset direction (bit7) reed offset (bitS) end bits 4-0 ere ignored 
but shoul d be set to 0 if not used. 

2. OFFSET DIRECTION = 1 (FORWARD OFFSET: toward the spindle) 
= 0 (REVERSE OFFSET: awoy from the spindle 

AUTO OFFSET = 1 (norrrlolly used preceeding 0 write operation) 
= 0 (manual off set: MUST send di reet i on and 

magnitude of off set) 

IV. BYTE 4: STATUS BVTE (CNTREG) 

B7 - NOT USED 
B6 - NOT USED 
B5 - NOT USED 
B4 - NOT USED 
83 - status or di agnostl c bi ts 
B2 - status or diagnostic bits 
B 1 - status or di ognost i c bi ts 
BO - status or diagnostic bits 
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V. BYTE 5: CHECKSUM BYTE (CKSUM) 

(67 B6 B5 B4 B3 B2 61 BO) 

results of the tronsn"litted CHECKSl\t1 BV1E ore derived O~. 

(BYTE 1 + B~'TE 2 + BYTE 3 + BYTE 4) = CHECKSUt1 B'YTE 

( +) i s de fin e d EJ S the 8 dd i ti 0 n 0 f e 6 c h B YT E 

( B '1T E) i~; de fin e d 8 S the C (I trl P 1 i men t 0 f t ~I e B 'y'T E S ( 1 - 4) 

VI. The SERVO STATUS lines (SID RDV 1 SERVO RDY) SERVO ERROR) 
must heve the following conditions in order to send the listed 
28 COt1MANDS: 

SERVO STATUS 
(-) 

S S W 
I R R 
0 V T 

R R 5 
D D A 
V V F 

Z6 SERVO CtiD HEX 

eccess (on 1 y) 8X 1 1 0 
eccess(off set) 9X 1 1 0 
reCfJ 1 (doto) 40 1 )( X 
set breke 70 1 )( X 
inhi bi t servo CO 1 X X 
off set(detent) 10 1 1 0 
stotus 00 1 X X 

X = ei ther 0, 1 
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CHART V A- POWER UP ~ t=50m APPROX 
ze SERVO RESETl/%% 

///~ 

SIO RDY0?2 
//~ 

SERVO RDY'l//~ 
~/a 

- WRITE SAFE~ 

SIO: SERVO~ 

SIO:CONTROLLER~ 

~I ~ ~ 2S0,flSEC MIN 

'---_--J~ I I 
L--_-----If% 

N/S - NOT SPECIFIED 

C - AFTER POWER UP - INVALID CMO 

SIO RDY------------------~I I 

--.j 600~SEC ~ 
SERVO RDY~~~--------------------------------

- WR ITE SAFE ~ 
SIO-SERV0:=J 81 83 CS 

SIO·CONTRL--------- ---------------

82 84 
SIZE DR .. WING IIIJJlMBER 

ppla computar Inc. L--A-L... ___ .-----......... 
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'"'5" CHART 3L 0- READ STATUS COMMAND 
~OO'--

5IO ROY -----------.;1 N§d r-F-I-m-s-e-c----

SERVO RDY~ 
- WRITE SAFE ~ f.-IOO uSEe 

SIO.SERVO----------------~--~ 81 83 CS .....--

SIO CONTRL----~~-------B-2--~8~4~-----, 
82 84 

E - TRACK FOLLOWING SERVO ERROR­
, INVALID COMMAND 

~ SIO RDY-------~ OO'---~~ 

SERVO RDY--~---~------~:---------------
I 21:)0 j1SEC ---.; ~,....:::::-_------

- WRITE SA FE ------...:.-1 --JI 

SIO- SEI1V0o=J 

SIO.CONTRL---~---------------------
82 84 

· F-TRACK FOLLOWING Sf~VO ERROR-
READ STATUS -., t-C-tmSEC 

~~ ~h~---IO-O--U 5------
N/S I 

SIO ROY 

SERVO RDY--.J 

- WRITE SAFE------. -----.1 
SIO.SERVO------------- 81 83 CS ,..-

SIO CONTR L_DXID ___ ---------B-
2
---

8
-
4
----

82 84 
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CHART V G- TRACK FOLLOWING VALID COMMAND (MOVE) 

N/S IN/SI 
SIO RDV-----_____ I _® _______ ---I 

I 

-rf I 
) I 

SERVO RDY------------------ I 
)f I 

ff I I 
I L 

55 I I 

- WRITE SAFE 

SIO • SERV0=:J 

r 
J 

SIO -CONTROL .... Bl 83' CS,-_____ ---..I\ 

82 84 

H - TRACK FOLLOWING (MOVE CMD) FOLLOWED 
SIO ROY BY SERVO ERROR ~, i*-N/S . 

I fS I~ 
SERVO RDY------------~ ~ 

----c{$ .~ 
I I I 

- WRITE SAFE ---------I/"[ : : -, -------
, I I 

SIO' SERVO =oJ 
81 

SIO·CONTRL-
83 CS 

82 84 
I - TRACK FOLLOWING (NO CMO) SERVO 

ERROR 
N S~ 

SIO RDY--~I ~~//~ 
I 

SERvO RDY---~----I~&'#&_' ____ _ 

- WRITE SAFE ---........I 
SIO ·.SERV0WZ2) 

SIO-CONTRL??L?La 
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ENCODE 
r----w: WRT DATA 
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DECODE 
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INDEX/SECTOR 

SAM/HLD 

67 32 

DEC GTB 
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19 U3 
______ ~ CHARGE PUMP 

PLL 

56 
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-

17 
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WRITE CURRENT 
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q 1) U 1"7: - eel 117 • • '.} __ , '_' I 

F I XED PATTERN 
CHA 1 : PIN 8 - RX 
CHA 2 : PIN 9 - RV 
50 rnV/div 
1.0 u~;/ di v 
OFFSET - 5.7 V 

3 



H.S 
AGe· RD AM·P 

I C59r--l R55 s R64 ~ 
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9.2) U 1 2 - r1 C 1 350 
FIXED PATTERN 
CHA 1 : PIN 8 - RX 
CHA 2 : PIN 1 - RV 
50 rnV/div 
1.0 uS/div 
OFFSET - 0.42 V 

9.3) US - POST A~1P. (10D. 
FIXED PATTERN 
CHA 1 : PIN 28 - RX 
CHA 2 : PiN 1 - RY 
50 rnV / di v 
1.0 uS/dlv 
OFFSET - 0.42 V 

s. 



WRITE VARIFY - FIXED PATTERN: 
CHEer BOTH HERD 0 RHO HERD 1 

8.6- 1 ) UEi - PO~;T At'1P 
CHA 1 : PIN 7 - SIG X 
CHA 2 : PIN 5 - SIG V 
180 DEGREE OUT OF PHASE 
1 \l/DIV 
0.2 u~;/DIV 

WRITE VARIFY - RANDOM PATTERN: 
CHECK 60TH HERO 0 RHO HERD 1 

8.6-2) us - PO~;T Af1P 

CHA 1 : PIN 7 - SIG X 
CHA 2 : PIN 5 - SIG V 
1 V/DIV 
0:2 uS/DIV 

b. 



U 10 - 3 

JL-1L---

RP 

~ U10-14 

U7- " 
r---~~'\/vW4_ --..------' 

{<P4 

u.9 

u 7 --13 

~ 1<106 
100 

( N.C. 

4-



8.7) ue - POST Af1P 
PIN 22 - AJ1PL IT UDE C ONTROl VOLT AGE : A PPROX . 3. 1 5 V 
PIN 6 - cor1riAND CONTROL VOLTAGE: APPROX. 3.15 V 
PIN 21 - PEAK FOLLO\-\/ER : 4.45 V 

8.B) Uti - POST AliP 
PLACE THE DVt'1 PROBE ACROSS R62 TO t1EASURE LOv/ 
CURRENET AND NORf1AL CURRENT. 

LO~\' CURRENT -- 1 B mA.:!: 1 rnA 
NOR CURRENT -- 21 rnA.:!: 1 rnA 

8.9) U2 POST I ON DEr10D. 
PIN 27 - CLIP THRS. APPROX. -0.5'1 DC. 
PIN 21 - POST ION ERROR: 0.0 V ~ O.05V. 

8.10) U2 POST ION DE MOD. 
PIN 1 OF~ TP29 - VCO CONTROL VOLT APPROX. 1.51 V DC. 
PIN 1 ci - LLNVI APPF-~OX. 1.51 V DC. 



9.14) U6 - 26LS32 
CHA 1 : PIN 1 - INPUT 
CHA 2 : PIN 2 - INPUT 
1 V/DIV 
0.05 uS/DIV 

9.12) U6 - 26LS32 
CHA 1 : PIN 3 - VCO. (2F -15MHZ) 
2 V/DIV 
0.05 uS/DIV 

9.13) U6 - 26LS32 
CHA 1 : PIN 13 - READ PULSE. (f1ARGIN) 
2 V/DIV 
0.2 uS/DIV 

lB. 



11!liiilllli::!§~:::::!:~:~::!IIIIIIIIIIII .. 

I a, . 

RP2 

4 3 

U6 - 2 
R9S RP2 12 

560 6 39 

I R98 7 8 

~ '\IV 
RP2 39 - 560 U6 - 1 -

-- 1 2 

RP2 

\CO RP3 RP3 

INHIBIT 

RP3 RP3 - 1.0 K 
RP2 - 1.0 K 

1 2 US - 10116 \leo U6 - 26LS32 
CX1NTL.V 

U3 - CHARGE PUMP 
LB-19 

- 12 V H.S 



U~-T 

51 G-x 

U-8- S 

SIG - Y 
> 'wv 

R87 
750 

7, 

__ I 

u10-6 

U10- 5 



U11 - 10116 
CHA 1 : PIN 12 
CHA 2 : PIN 13 
0.5 V/OIV 
0.5 uS/OIV 

Ul1 - 10116 
CHA I : PIN 14 
CHA2:PIN15 
1 V/OIV 
0.5 uS/OIV 

B. 

('-.~ ')( 
/,). . 



,P14 

vB -(1 ~-_~ ____ I 

S1G-X 
390 

U-85 > R36 ---tt-r-~'fJvV 
SIG _y 390 

• 
\ TP13 

r +5 Vee 

Q( e/\-eV'Ge~ , 
"Le-VO CvosJ;-/V5 

ACT AS VOLTAGE 
C otvtPARAToR 

-~ uiO -7 
10117 

"-/" U10 -10 



9. 7) ~Il 1 - 101 16 
CHA 1 : PIN 5 - SIG X. 
CHA 2 : PIN 4 - 3.5 V DC. 
CHA 3 : PIN 2 - OUTPUT 
1 \lIDI\! 
0.:1 uS/DIV 

9.6) Ul \ - \0\ \6 
CHA 1 : PIN 10- SIG Y 
CHA 2 : PIN 9 - 3.5 V DC. 
CHA 3 : PIN 6 - OUTPUT 
1.0 ViDIV 
0.:1 uS/D1V 



:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
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Ul - 3 

VCO 
RSEX 

562 

5V 

C63 _ 

22PF 

C64_ 
0.1 ~ 

R83 
1.0K 

R84 
560 

1 

2 

R 111 

loOK 

.lo. 

VCO 
INHIBIT 
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H.S 



8.11) U5- 10116 
CHA 1 : PIN 2 AND PIN 6 (3.9V DC OFFSET) 
CHA 2 : PIN 3 - APPROX. 4.13 V DC. 
0.5 ViDI\! 
0.05 uS/DIV 

8. 12) U5- 101 '6 
CHA 1 : PIN 14 
CHA 2 : PIN 15 (3.7 V DC OFFSET) 

0.5 V!DIV 
0.05 uS/DIV 

.11 . 



+5V 

J7 - 1 3 

R4.9 
IN:EX SENSOA 

5.6K 
J7 - 2 

--
-12V 

--

R51 
24K 

R52 
1.0K 

C41 
0.1 

Ul - LSI 

R50 
MS IN 

300 



9. 15) U4 - LM31 1 
CHA 1 : PIN 3 - INDEX 
CH A 2 : PIN 7 - t1S 'N. 
CHA 3 : TRIGGER ON INDEX TP25. 
2 V/DI\! 
1 rnS!DIV 



8.1)Ul- LSI CHIP 
CHA 1 :F'IN2S-- XTL-X(lSr1HZ) 
C H A 2 : PIN 24 - - :~T L - V (1 Sl1H Z) 
2 V/DI\! ' 
0.05 uS/OIV 

8.2) U 1 - LSI CHIP 
CHA 1 : PIN 65 - 2FVCO (lSr1HZ) 
2 V/DIV 
0.05 uS/DIV 

8.3) U 1 - LSI CHIP 

CHA 1 : PIN 25 - MOTOR CLOCK 
2 V/DIV 
0.2 uS/DIV 



9.8) U 10 - 10116 
CHA 1 : PIN 14 - OUTPUT 
CHA 2 : PIN 15 - OUTPUT 
1 V/DIV 
0.5 uS/DIV 

9.9) Ul0 - 10117 
CHA 1 : PIN 3 - OUTPUT 
CHA 2: PIN,IIt- OUTPUT 
1 VlDIV :2-
0.2 u~;/DIV 

I~. 

~ 

fi'l-) \ 



9.10) U9 - 10117 
CHA 1 : PIN 14 - OUTPUT 
CHA 2 : PIN 15 - OUTPUT 
0.5 V/OIV 
0.2 uS/DIV 

IS 



IS . 
. , .. ~ 

--
- RP 12 - \I'v 

5 1 K 6 

PIN 15 

U 9 U 9 

10117 10117 

PIN 14 RP 12 PIN 12 
R 103 1 K 

390 
N.C 

RP 4 
560 

'1 R 104 C73

V 2K 330 PF C 72 
- 0.1 - _. 

-
-- + 5V 

H.S 



9.11)U7- 10116 
CHA 1 : PlN 6 - OUTPUT 
0.2 VlDIV 
0.2 uS/DIV 

Ib 



U7-2 

U11- (; 

U7 -"3 

nRPS 
4~ 

RP5 

5bO 

I \ . 

u\)-11 


