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frequency of one half the digital sampling frequency. With proper choice of sampling 

frequency, this notch filter can be used to notch parasitic mechanical resonance 

frequencies, such as those of the servo motor being compensated. In the drive 10 of 

Fig. 1, and the alternate preferred embodiments thereof, the single lead complex lag 

compensation circuit is used to suppress mechanical decoupling resonance of the fine 

and focus servo motors as shown in the following section. 

Transfer Functions 

The following mathematical derivations illustrate the transfer functions of the digital 

lead/lag compensation circuit of the present invention. The focus loop transfer function 

will be shown and discussed first. This discussion is followed by a similar detailed 

description of the compensation transfer functions. 

Focus Loop Transfer Function: 

Shift in frequency at 23 C 

T factor = 1 . 
ro 0 = 2· 7t • 3000Z 

ACTUATOR MODEL: Decoupling Frequency: 

ro 1 ·= T factor·2·n·33· HP <'.; 1 = 0.01 

Parasitic Resonance: 

ro3 =Ttactor·2·n·23·H>3 l;3 =0.03 

HF Phase Loss: 

ro 4 = 2· 7t · 100· HY 

\ \\\\\\\ \\\\ \\\\\ \\\\\ \\\\\ \\\\\ \\\\ \\\\ 

( 
2 2 \ 

s + 2· s 1 · ro 1 · s + ro 1 J 

3 
ro 2 = T factor·2·n·27· 10 

\\Ill\\ \Ill\ \\Ill\\\\\ Ill\\ \\Ill\\\\ Ill\ 
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Fundamental Frequency: 

M constant = 190 ml (s"'2 *A) 

co 5 = T factor·2· n. 36.9 l; 5 =- o.08 
I I 

M constant 1 co 5
2 

\ 

H 4( 5 ) = 2 ·I 2 2) 
ro5 \s + 2·s5·ro5·S + ro5 I 

Actuator Response: 

H actuator< s ) = H 1 ( s ) · H 2 ( s ) · H 3 ( s ) · H 4 ( s ) 

DSP MODEL: Single Lead Complex Lag Circuit: 

Sample Period T = 20· 10- 6 0.107 0.893 
I t-

e( s· T) [e(s·T)J2 
H leadlag< 5 ) = 

0.356 0.136 
I t- t-

e( s· T) [ e<s·T) ]2 

DSP S&H and Processing Delay: 

ZOH(s) = (1- exp(-s·T)\ T delay= 3.3·10-6 Hdelay(s) = exp(-s·T delay) 
s·T ) 

DSP Response: 

H dsp( s) = (ZOH( s )· H delay< s }· H leadlag< s)) 

Anti-aliasing Filter: 

R filt . = 20000 C filt . = 100· 10- 12 
• filt = R filf C filt 

Ffilt = --
2· 7t. 't filt 

F filt =7.958 ·1d 

Simplified Focus Power Amp Response: 

co pa1 = 2·n·28000 l; pa 1 = .4 G pa1 = o.o98A 

v 

Hfilt(s) = ---
1 + S· 't filt 

5 v 
G pa2 = 

216 bit 
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co pa2 = 2·n·45oooo l; pa2 = o.s G pa = G pa1 ·G pa2 A/BIT 

- -6 
G pa. M constant= 5.9ono, ~ G pa - 7.477' IO 

S
2

• bit 

H pa< s) 
_ G . ( co pa 1

2 

\ . (' co pa2 
2 

1 
- pa 2 2 I 2 2 i 

s + 2· s pa 1 ·co pa 1 · s + co pa 1 / s -r 2· s pa2 ·co pa2 · s + co pa2 / 

Focus Error Signal: 

QSum 216 Bit Bit 
Slope = 0.1 G fe = --- H fe = Slope· G fe· I<f-m 

µm 2asum 
H fe = 3.211· 10

9 

Filter Response: 

H ( s) = H filt( s) Volts/Volt 

DSP Response: 

H(s) = H dsp(s) Volts/Volt 

Power Amp Response: 

H ( s) = H pa ( s) Amps/bit 

Actuator Response: 

H( s) = H actuator< s) m/a 

Focus Error Response: 

H ( s) = H fe bit/m 

Open Loop Response: 

H ( s) = H tilt< s) · H dsp ( s) · H pa ( s) · H actuator< s) · H fe 

Gain Factor: 
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G = 36.059 

Closed Loop Response: 

G·H(s) 

1 + G·H(s) 

Generating Nyquist diagram with "M-circles": 

Selected amounts of closed loop peaking MP: 

j = 1.. 4 

Radius of M-circle 

Mi 

1 - (M-\2 

J; 

Center of M-circle 

n = 300 

M = 

k - 1.. n 

r 1.3 l 
1.5 ; 

2.0 

4.0 

min 2. = R. + Ctr. max 2. = - R. + Ctr. 
J J J J J J 

7 : /(R)2 
- (x . - Ctr.) 2 

-m,J '°IJ J \·m,J J 

Nk = 1000 + 100· k 
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Data for bode plots: 

r 
k·-

-8 JAN 2003. 

min = 100 max = 10· 104 r = ln(max\ 
min I I 

fk = min·e n 
1t 

deg:::c-
1so 

Magn(s) = 20·1og(JG·H(s)i) 

<j>(s) = angle(Re(H(s)) ,lm(H(s))) - 360·deg 

Magn 1(s) =20·log(IHc1(s)I) 

<I> 1(s) = angle(Re(Hc1(s)) ,1m(Hc1(s))) - 360·deg 

As shown in Fig. 124, the Nyquist diagram of the focus loop transfer function 

includes equal-peaking-loci which create M-circles 9-22, 9-24, 9-26, and 9-28. Each 

having an MP value of 4.0, 2.0, 1.5, 1.3 respectively. Fig. 124 also shows loop curve 9-

30 as generated from the open loop equations above. Fig. 125 shows the magnitude 

curve of the open loop response 9-32, and the closed loop response magnitude curve 

9-34. Fig. 126 shows the phase curve of the open loop response 9-36 and the closed 

loop response phase curve 9-38. 

Compensation Transfer Functions: 

-6 
T = 20· 10 (J) 0 = 2. 1t • i . 3000 

DSP S&H and Processing Delay: 

ZOH(s) = (1 - exp(-s·T)) T delay= 2.5·10-6 Hdelay(s) = exp(-s·T delay) 
S·T 

DSP MODEL: Triple Lead/Lag Circuit: 

1 
-r lead = 2·n · 2185 -r1ag 

s=~.(~ 
T ,z + 1 

Bilateral Transform 

H leadlag( 5 ) 
1 t- -r lead· 5 

11-'tlag·S 

1 

2·n· 5848 

H leadlag( z) 

f 
1 

+ 
2

. -r lead. ( z - 1 ) l 
l T (z+1)j 

I 1 
l 

't l 
2 

lag ( z - 1) ; 
·--·---1 

T ( z i- 1 ) ~ 
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T- 2·11 d 
___ e_a_ = -0.759 

(Tz t- T + 2·1 lead·z - 2·1 lead) 
H leadlag( z) = / , 

\ Tz + T + 2·1 lag·z - 2·1 lag) T + 2· 1 lead 

T- 2·11 
___ a_g = -0.463 
T + 2·1 lag 

Definition of z 

H TripleComp( s) = 

S·T 
z=e 

Triple Lead Lag Response: 

ZOH( s )· H delay( s )· H TripleComp( s) 
H Triple( s) = I ( ) I 

H TripleComp ro 0 

Single Lead Lag Response: 

1 1 
1 1ead 2· n· 1000 2·n·25000 

H Lead Lag ( s) 

I ( T - 2 · 1 lead J l 1 
1 + . ~ ~ i. ------l ~T-r 2·-c lead) J exp(s·T) 
----- - ----

( \ ' T - 2·-c I I ' 1 \ ag; i 1 t- 1·-----

( 

' I T t- 2·1 lag)~ exp{s·T) 
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ZOH( s )· H delay{ s )· H Lead Lag ( s) 

I H Lead Lag (co 0) I 

Complex Lead Lag: 

-8 JAN 2003 

ro center = 2· rr · 2200 Span = 1 ·0 ro 2 = ro center - O.S· Span· ro center 

2 l; 3 =1.7 s 2 = 0.707 
co center 

co 3 = 
co2 

H Compf(s) 

co 2 3 
- = 1.1·10 
2·7t 

co 3 3 - = 4.4·10 
2·1t 

H Compf(Z) 

[ (4 + rol·r2 + 4·l;2·m 2·T}z2 +(-a+ 2·m 2
2·r2}z- 4·l; 2 -ro 2·T + 4 + ro 2

2-r2] m 3
2 

[ ( 4 + m 3 
2 

· -f + 4· 1;; 3 · m 3 · T) · z2 + (- 8 + 2 ·co 3 
2 

· -f) · z - 4· 1;; 3 · m 3 · T + 4 + co 3 
2 ·-fr m 2 

2 

H Comp1(s) 
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H Complex( s) 
ZOH( s )· H delay( s )· H Comp!( s) 

I ( \ , 

i H Com pl\ coo) I 

Analog Box Compensation: 

3 -6 
t lead = 20.5· 10 · 0.01·10 t lag = 0.01·10-6· 20.5·2.05 ·103 

( 20.5 + 2.05) 

( 

1 + t lead· s \ 1 
HABox(s) = )·--

1 + t lag· s I 1 + t Ip· s 
H Analog Box( s) = 

HABox(s) 

\ H ABox (co 0) \ 

Single Lead Complex Lag: 

co 6 = 2·n·900 co 7 = 2·n·22000 s 7 = 0.8 

(s+cos) _co72 
H Comp1(s) = 

(s2+2·t,TcoTs+co72) co5 

H Comp1(z) = 
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ZOH( s )· H delay{ s )· H Compl( s) 
H slcl( s) = 

I H Com pl ( ro 0) I 

Plot Data: 

r = ln(m~x J 
mm; 

k·~ 
f 

. n 
k = min·e 

n = 400 k = 1 .. n min = 100 

11: 
deg=-

180 

4 max = 10· 10 

Magn(s) = 20·1og( i H Triple(s) I) 

<j>(s) = angle(Re(Hrriple(s)) ,lm(Hrriple(s))) - 360·deg 

<I> 1(s) = angle(Re(Hsingle(s)),lm(Hsingle(s)))- 360·deg 

-8 JAN 2003 

<I> 2( s) = angle( Re(H Complex< s)), lm(H Complex( s))) - 360· deg 
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( I , \ Magn 3( s) = 20· log\ H AnalogBox( s) \) 

~ 3(s) = angle(Re(HAnalogBox(s)) ,lm(HAnalogBox(s))\ - 360·deg 
\ \ J \ ;) 

Fig. 127 illustrates the magnitude response curves for focus compensation transfer 

functions as derived from the indicated equations. The graph of Fig. 127 shows the 

individual response curves for triple lead lag, single lead lag, complex lead lag, analog 

box, and single lead complex lag as identified by the keys in the legend box. Similarly, 

Fig. 128 shows the phase response curves for the focus compensation transfer 

functions as derived from the corresponding equations. The graph of Fig. 128 illustrates 

the individual phase response curves for triple lead lag, single lead lag, complex lead 

lag, analog box, and single lead complex lag as identified in the legend box. 

Complex Lead/Lag: 

N 1 = -0.554 

N 3 = -0.456 

; 2 ..,2\ 
8 ,- 2 · ro 2 · I - I 

\ / 
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D 1 = 1 

-8 i- 2·ro3
2·r2 

D 2 = ---------

( 4 + ro 3
2.-f + 4·s 3·ro 3·r) 

D 2 = -0.916 

D 3 = 0.068 

Single Lead Complex Lag: 

2·ro6"T2 N2=0.107 

N2 = 

(ro6""f + 2·T) 

ro6""f - 2·T N 3 = -0.893 IN1I + IN2I + IN3i = 2 

N3 = 

( ro 6" "f + 2· T) 

D 2 = 0.356 



4 + ro 7 2. -f - 4·s Tro TT 
D 3 := ---------

4 + ro 7 2. -f + 4· S T ro TT 
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D 3 = 0.136 

To the extent not already disclosed, the following U.S. Patents are herein 

incorporated by reference: Grove et al., U.S. Pat. No. 5, 155,633; Prikryl et al., U.S. Pat. 

No. 5,245,174; and Grassens, U.S. Pat. No. 5,177,640. 

While this invention has been described in detail with reference to certain preferred 

embodiments, it should be appreciated that the present invention is not limited to thc..se 

precise embodiments. Rather, in view of the present disclosure which describes the 

current best mode for practicing the invention, many modifications and variations would 

present themselves to those of skill in the art without departing from the scope and spirit 

of this invention. The scope of the invention is, therefore, indicated by the following 

claims rather than by the foregoing description. All changes, modifications, and 

variations coming within the meaning and range of equivalency of the claims are to be 

considered within their scope. 
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APPENDIX A 

CODE HI.HEX - . 
:020000020000FC 
:10000000B800118ED88ED08ECOBAA2FFB8FC1FEFF8 
:10001000BAA6FFB8FC41EFBAA4FFB83820EFBAA8DF 

5 :10002000FFB8E'CAOEFBAFEFFB80F32EFC70656FFCD 
:100030000040C7065EFF0040C70666FF0040C70607 
:1000400030FFOOOOC70628FFFDOOC7062CFF000098 
:10005000C7062EFFOOOOB4C59E791475127B10737D 
:100060000E9FF6D49E780874067A047202EB06BEEO 

10 :100070006FOOE93201B8FFFF8BD88EC38CC18E0907 
:100080008CDA8E028C058BF58BFE8BE783FCFF75DB 
:100090000EB800008BD88EC38CC18E098COA8ED29C 
:1000A0008C058BF58BFE8BE783FC0075C2B8000006 
:1000BOOOBAFEFFBEBCOOB90080E9771481FB001006 

15 :1000C0007405B80010EBE9B8E8038EC033DB26C72F 
:10000000075ASA26813FSASA75088EC326833F0015 
:1000E0007406BEC700E9BFOOB800008EC026C70670 
:1000F0000800501C26C7060AOOOOEOB800118ED880 
:100100008EDOBC38DC800E03F18026C70680002725 

20 :100110000126C706820000E033COCD203DFFFF74FA 
:1901200008EB0690E948FF48CFFCB864018CCB335C 
:10013000FFB92200AB93AB93E2FA26C70608005042 
:100140001C26C7060AOOOOEOB800118EC08ED88EAB 
:10015000DOOEE8350BE81B12E82911E8E812E8D5C3 

25 :1001600014E9EC1A8CD08BDC595ESFB800118ED884 
:100170008EC08EDOBC38DC813E3B0400047206C7C2 
:10018000063B040000BAFFFF9A80EEOOD08BD38BB1 
:10019000C69A80EEOOD08BD18BC79A80EEOODOBE7D 
:1001A000~401EB03905ESFB800118E088ECOFAC672 

30 :1001B0000645FOOOC60642F000802603F1FBBA03B4 
:1001C0000033C9800E03F180E2FEE2FEE2FE8026EB 
:1001D00003F17FE2FEE2FEE2FE4A75E7E2FEE2FEA6 
:1001EOOOE2FEE2FEE2FEE2FEEBD4000000000000DO 
:1001F0009802AD020A03AB02AB02FAB800118EC03E 

35 :10020000BF38DAB04DB44FB353B754B90004AB9311 
:10021000AB93E2FAOEE8350190BD38DC81C50002EF 
:10022000BF06D9B9070033D28915C745020400C7F4 
:1002300045040400C745140000C745160000C74523 
:10024000180000896D1281C500028BC70514008952 

40 :100250004514894516C74518000083C72042E2C8E7 
:10026000E85105B87D09A32EDAB80000A330DAB84A 
:100270000000A332DABF06D9E97301FABC38DCBF4B 
:1002800006D9FB8B7502D1E62EFFA4F00183C720AF 
:1002900081FFE6D975ECEBE3893E34DAFAE8BC0677 

45 :1002A0008B6512C745020000E9F300EBE08B4D18A7 
:1002BOOOE3DB8D5D148BEB8B378B44023945067481 
:1002C000068BDEE2F2EBC6C745060000FA89362E41 
:1002DOOODA8B048907FF401874183BE87506895DB1 
:1002E00016EB1590385D147?0F8B4516394514EBD5 

50 :1002F0000790896D14896Dl6893E34DAE85D068BA6 
:100300006512C745020000E99700FA837018007561 
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:1003100004FBE978FF893E34DA83C7148BEE8B4DFA 
:1003200004E30D8BlD8B378935FF4D048BFSEB08EE 
:10033000C6061B8480BB0000891E2EDA8B3E34DA91 
:10034000E819068B6512C745020000EB54BE06DOC3 

5 :10035000BBOOD08937897702C747040000B948003D 
:1003600033D2895402C7440400008~EF837F04001A 
:1003700075048937EB058B7F028935891C897702E3 
:10038000FF47048BFD83C62042E207CB9CFA608BEB 
:100390003E34DA8BlE36DAD1E32EFFA7A703619D28 

10 :1003AOOOCB61Al2EDA9DCBC703EE035A048F041A4A 
:1003B00005DA045F05Cl059005FF053206E506FE76 
:1003C0000664062C06AD06Al2EDAC1E0050506D9A5 
~1003D0008BF88B45023D03007407C6061B849BEB1C 
:1003EOOOOB8B4504894502C745040000EBB08965C5 

15 :1003F00012A130DA8BDOC1E0050506D98BF869C2AD 
:100400000002Q500020538DC8BEOA132DA8BD03D1A 
:1004100003007503BA0000894502895504C74506E3 
:1004200000008BlDDlE32E8B874A0450FF362EDA55 
:10043000682AF060896512E8220583C7148930891E 

20 :100440007D02C745040000E931FEOOEOOODOOOD085 
:1004500000DOOODOOODOOOE000008B362EDA8B5C9C 
:1004600006875C04895C06C1E30581C306D983C3A2 
:10047000148BEF837F040075048937EB058B7F02B3 
:100480008935891C897702FF47048BFDE90FFF89B5 

25 :100490006512E8C704A12EDA8BC8ClE005050609AC 
:10G4A0000514008Bp88B3630DA8BEF837F04007510 
:1004B000048937EB058B7F028935891C897702FF18 
:1004C00047048BFD8B05894404894C068B440289C3 
:1004D0004506C745020100E9AlFD896512E87C0403 

30 :1004EOOOA12EDA8BC8C1E0050506D90514008BD80A 
:1004F0008B3630DA8BEF837F040075048937EB0588 
:l00500008B7F028935891C897702FF47048BFD8B1D 
:1005100005894404894C06E984FE896512E83C0497 
:10052000Al2EDA8BC8C1E0050506D90514008BD8C9 

35 :100530008B3630DA8BEF837F040075048937EB0547 
:100540008B7F028935891C897702FF47048BFD8BDD 
:1005500005894404894C06C745020200E91CFD894F 
:100560006512E8F703Al2EbA8BC8ClE0050506D9AC 
:100570000514008BD88B3630DA837F04007505892B 

40 :100580007702EB028B0789048937FF4704E934FFCO 
:10059000896512E8C603A12EDA8BC8C1E0050506FD 
:1005AOOOD90514008BD88B3630DA837F04007505AB 
:1005B000897702EB028B0789048937FF4704E94EEC 
:1005COOOFF896512E89503Al2EDA8BC8ClE0050505 

45 :1005D00006D90514008BD88B3630DA837F0400757A 
:1005E00005897702EB028B0789048937FF47048B63 
:1005F00005894404894C06C745020200E97CFC8950 
:100600006512E857038B4402894504C7450203007D 
:100610008B3E2EDAC1E70581C706D98B4502894595 

50 :1006200004C745020000BEOOOOE95AFC896512E9D2 
:100630005BFC896512E824038BF7A12EDAA9008000 
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:100640007508C1E0050506098BF08B440230040016 
:10065000740F300300740A8BFE894504C7450203ED 
:1006600000E917FC896512E8F202Al2EDAA90080EO 
:100670007508ClE0050506098BF8B8040089450264 

5 :100680008B4D1883C714E318BBOOD08B45040BCOF7 
:10069000740E0147048B178B0589078B750289142B 
:1006A000893D897002C745040000E9CEFBA12EDA11 
:1006BOOOA900807508C1E0050506D98BF883C71429 
:1006COOOBB00008B45040BC0740E0147048Bl78B05 

10 :1006D0000589078B75028914893D897D02C7450408 
:1006EOOOOOOOE9B9FC896512E87102B8010089458A 
:1006F000028B362EDA8B4402894506E97DFB89653B 
h007000012E85802B80200894502E96EFB9CFA56CD 
:100710005755BFOOD08BEE8B4004E30D8BlD8B37EF 

15 : 100720008935FF4D048.BFSEB08C6061B8480BBOOA2 
:10073000008BC35DSFSE9DCB9CFA56578B3E34DACF 
:10074000837Dl800741B8BOE2EDA83F9007C073B27 
:1007500040187Cl2EBOB740E8BC1F7D83B45187EFD 
:1007600005B8FFFFEB1483F9007D030340188B756B 

20 :1007700014E3048B34E2FC8B44045FSE9DCB9CFA53 
:10078000565755BBOOD08B362EDA8BEF837F040093 
:1007900075048917EB058B7F028935891C897702BF 
:1007AOOOFF47048BFD5DSFSE9DCBA12EDAC1E005A6 
:1007B0000506D9CB9CFAC70666FF0040C70632FF84 

25 :1007C0000400C70660FFOOOOC70662FFA861C706F5 
:1007D00066FF01C09DC39C608B3E34DAA12EDAA96E 
:1007E0000080740683C714EB1790A900407406BFFD 
:1007FOOOOODOEBOC90C1E0050506D98BF883C71437 
:100800008B4D04890E2EDAE997FB9C608B3E34DA1F 

30 :10081000Al2EDAA90080740683C714EB1790A900F3 
:10082000407406BFOODOEBOC90ClE0050506D98BE3 
:10083000F883C714FA8BEE8B4D04E30D8B1D8B37B9 
:100840008935FF40048BFSEB08C6061B8480BB0081 
:1008500000891E2EDAE949FB895C04894406C1E05F 

35 :10086000050506D90514008BD89CFA837F04007512 
:1008700005897702EB028B0789048937FF47049DBE 
:10088000CB558BEC568B76088B46068BSEOA895CC3 
:1008900004894406ClE0050506D90514008BD89CDF 
:1008AOOOFA837F04007505897702EB028B078904CO 

40 :1008B0008937FF47049DSE5DCB895C04894406Cl8E 
:1008COOOE0050506D90514008BD89CFA8BEF837FD1 
:1008D000040075048937EB058B7F028935891C89F3 
:1008E0007702FF47048BFD9DCB558BEC568B76082A 
:1008F0008B46068B5EOA895C04894406ClE00505C7 

45 :1009000006D90514008BD89CFA8BEF837F04007501 
:10091000048937EB058B7F028935891C897702FFB3 
:1009200047048BFD9D5E5DCB9C608B3E34DA83CfB4 
:10093000148B50040BDB741DFA8BEE8B4004E30001 
:100940008Bl08B378935FF4D048BF5EB08C6061BD5 

50 :100950008480BB0000891E2EDAE945FA9CFA5052C9 
:10096000B80002F7250538DC3B4512730C05000280 
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:100970003B451272045A589DC30EE828F8C706AADO 
:1009800088688BC706FE800000813E3B0400047629 
:1009900006C7063B040000E8F114E88201E8DD0226 
:1009AOOOA01584B4000BC07512C706A0886286C764 

5 :1009B000069D860FOOC7069B86FFFFC6061C84FFA8 
:1009C000832628FFCFC60645F012FBA01584B4008D 
:1009DOOOOBC075059AAD0206EFE6ED3CE67201C761 
:1009E0000641040000C7063F0400006A0868E4806E 
:1009F000900EE8E78B83C4043D01007405900EE877 

10 :100AOOOOA3F76A07681E00900EE8D08B83C4043DEC 
:100Al00001007405900EE88CF7C7062EDAB814C7EB 
:100A20000630DA0300C70632DAOOOOC70636DA01FC 
:""100A300000900EE856F9C7062EDAEE27C70630DA20 
:100A40000100C70632DAOOOOC70636DA0100900E50 

15 :100ASOOOE839F9C7062EDA2A41C70630DA0200C79C 
:100A6000063~DAOOOOC70636DA0100900EE81CF9FB 
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:106DDOOOOOEOC70622FF00801F5D58CFC800-0000FA 
:106DE0009CFAFF76068F060A8EFF76088F06088EBD 
:106DF0009DC9CB9CFAC7060A8E00009DCBOOOOOOFF 
:106E000060061EB800118EC08ED8833E2CFF207500 

30 :106E10000989263D0483063D0414FB8A1646F08A40 
:106E20003648F08A3E42F08AC2243F080646F008FF 
:106E30003648FOF6C2017403E98726F6C6017403EA 
:106E4000EB5090F6C2027508F6C6107434EB6D90E4 
:106E50000EE8D901905250B81681500EE882C383D3 

35 :106E6000C4025E5FC60648F010500EE89F983D00Dl 
:106E7000008BF0587409C644090C88440AEB4CEBAB 
:106E8000630EE888983D000074F58BFOC644090E47 
:106E9000EB39F6C7107502EB4BFF36AA888F06193F 
:106EA0008EB800EOBA1A700EE81EB1FF36198E8F48 

40 :106EB00006AA88803E188E00742AEB940EE84D983E 
:106EC0003D0000741F8BFOC644090B8B3EA088F771 
:106ED0000540007505B80100EB03B80400BB0800CD 
:106EEOOOOEE8D599C70622FF00801F0761CF600614 
:106EF0001EB800118EC08ED8833E2CFF20750989E4 

45 :106F0000263D0483063D0414FB8A1646F08A364863 
:106Fl000F08A3E42F080E23F881646F0883648F01C 
:106F2000F6C2017403E99A25F6C601742CF6C7105F 
:106F10007503E9DBOOFF36AA888F06198EB800EODA 
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312 
:106F700081500EE86BC283C4025A5E5FF6C2207471 
:106F80000CBOODC60648F010EB36E98300C6064883 
:106F9000F010500EE876973D00008BF05874EBC669 
:106FA00044090C88440AEB4FF6C6107425C6064700 

5 :106FBOOOF001C60649F001BOOBF6C2207402BOOD14 
:106FC000500EE848973D00008BF058744388440900 
:106FDOOOEB25F6C22074110EE832973D00007430A4 
:106FE0008BFOC644090DEBOFOEE821973D000074AD 
:106FF0001F8BFOC644090E8B3EA088F70540007534 

10 :1070000005B80200EB03B80500BB08000EE848987D 
:10701000C70622FF00801F0761CFC606188E003BFF 
:1070200006198EF87506C606188E01F9CBFA565762 
:107030008B3EA0888B5D068AOE5DF08A2E5EF08BFB 
:10704000F18AOE5FF032ED5651F60652F00274539B 

15 :10705000E855002D010083DA003AD1773F3BC67333 
:107060003BA25DF088265EF088165FF08AOE5BF02A 
:107070008A2E5CF03AOE5BF075F23A2E5CF075ECFD 
:107080003A2E5FF072163AOE5EF0761003C383D28A 
:1070900000A25DF088265EF088165FFOF60652FODA 

20 :1070A0000275F95A585F5ECBBOOOB6008A265BFOD5 
:1070B0008A165CF03A265BF075F23A165CF075ECD5 
:1070C0005052F7F38BFA5A58F7DF03FB03C783D20A 
:1070DOOOOOC30000000000000000000000000000ED 
:1070EOOOC8040000565733F6C746FC0000C7062EFA 

25 :1070F000DAFFFFC70636DAOA00900EE88E920BF62A 
:107100007425837C040E741FF70662864000740E9B 
:1071100056681E00900EEBF72483C404EB098936F4 
:107120002EDA900EE85796832628FFBFFB900EEBD4 
:10713000F6978BF00BC074C6F706628640007405A4 

30 :10714000B80400EB03B801008BF8837C040D7406CF 
:10715000807C08047555900EE8C808837C040D7582 
:107160000F6AOD566A00900EE8169783C406EB1559 
:10717000C7062EDA0000893630DAC70636DA08008C 
:10718000900EE8079233F6837EFC0074168B5EFC4B 

35 :10719000FF7704536A00900EE84E9783C406832657 
:1071AOOODF86FB830EDF8620E94502837C040774BB 
:1071B00009837C040E7403E994018B440B8946FE19 
:1071COOOA3AA88803El8840074168B5EFE807FOB12 
:1071D00003740D807FOBE07307C6471402E9220297 

40 :1071EOOOFF76FEE8EFA8590BC07503E910FF8A444B 
:1071FOOOOBA2098484008BD883FB077603E9270132 
:10720000D1E32EFFA76F74900EE81708830EDF8678 
:10721000206A07566A00900EE8669683C40633F625 
:10722000E9D201C6062FOOF88B5EFEBA470BA2301A 

45 :10723000006A02682F009A6BEEOOD083C404E86FE6 
:10724000B88BF80BC07405FFD7E9FC01FF76FEE8A8 
:10725000A9A959E9F201C6062FOOF88B5EFE8A47FC 
:107260000BA230006A02682F009A6BEEOOD083C434 
:1072700004900EE832800BC07403E981FEE87G0791 
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313 
:1072AOOOAOB83001007558FF76FE900EE8BB24594A 
:1072B0000BC07503E9DD00569A42290QD0593D0103 
:1072C000007403E93C01E882040BC07407830EDFFD 
:1072D0008610EB058326DF86EFF706628640007492 

5 :1072EOOOOF56681E00900EE8262383C404E92EFF83 
:1072F00089362EDA900EE88594E922FFE90301A091 
:107300000A84B4008B5EFE89474FAOOC84884751E5 
:10731000807F17217507804F4E35E91F018B5EFE78 
:10732000804F4E1DE91501C6062FOOF88B5EFE8ACO 

10 :10733000470BA230006A02682F009A6BEEOOD083EO 
:10734000C404C6061B8481C6440900E9BOFD837CE1 
:10735000040A7403E9FBOOF706DF8602007403E900 
:107360009CFD8326DF86F756E81B0259F706DF8669 
:1073700004007503E987FD8326DF86FBE8C3B73D7C 

15 :107380000~007403E98100FF76FE900EE8DB2359CB 
:107390000BC0750A8B5EFEC6471402E960FDFF76DE 
:1073AOOOFC9A422900D0593D01007556E89C030Bl8 
:1073BOOOC07407830EDF8610EB058326DF86EF831C 
:1073C00026DF86FBF70662864000740E56681EOOB4 

20 :1073D000900EE83B2283C404EB0989362EDA900E26 
:1073EOOOE89B9333F68B46FCA32EDA900EE88E933F 
:1073FOOOC746FC0000893E2EDAC70636DA0900E9E6 
:10740000F7FCE88CA7E9F6FCA00A84B4008B5EFECA 
:1074100089474FAOOC84884751807F1721750680CB 

25 :107420004F4E35EB078B5EFE804F4E1D8B46FCA307 
:107430002EDA900EE84793C746FC0000900EE87CD9 
:10744000A88B5EFEC6471402FF76FEE843A759E903 
:10745000ACFCC6061B848B900EE8C705C7062EDA67 
:10746000FFFFC70636DAOFOOE98EFC5F5EC9C3076F 

30 :107470007223725672077227732773077207725648 
:107480008B36AA88C60647F001C60649F00156E8Cl 
:10749000FFA659C706FE800600C7062EDA0600C7FB 
:1074A0000636DA0900900EE8E28EF70662864000A2 
:1074B0007408C706FE800400EB06C706FE800100C4 

35 :1074COOOF706DF86200074106A006A06E8B20483BB 
:1074DOOOC404B81600E9ACOOF706DF861000740B90 
:1074E0009AD03800DOB81700E99900804C2C508110 
:1074F00026CA86FFFBC706A5860000C706A386002E 
:1075000000C706A9860000C706A7860000C706COF8 

40 :10751000860000C706C4860000C706C2860000C7F2 
:1075200006B6860100C706B8860100C606168101A8 
:10753000900EE8EEEOA20487F70662864000752010 
:10754000900EE81EE08ADOF6C2017507B400A908C3 
:10755000007504B201EB02B200529AFA2BOOD05926 

45 :10756000C706DF860000A02883B400A901007511BA 
:10757000807COB087406807COB2875059AD401006A 
:10758000DOB818005ECBC8060000568B7604807COD 
:1075900009157403E98FOOA1EF86A3C08~900EE859 

:1075A00081EOA20487833EED86007503E9~E01F752 
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314 
:1075D000868816E586A300878916FE8633D2830E36 
:1075EOOODF8602F706628640007503E926018D46B4 
:1075FOOOFB508D46FC506A009A889COOD083C406DC 
:107600003D01007403E94001FF36A586FF36A386DD 

5 :10761000FF740B6A009A2F6800D083C408E9280120 
:i0762000E9FlOOE9F700807C09137577AlEF86A3E3 
:10763000C086A00487FEOE04870AC0745CF706DFCC 
:107640008604007554A1E7868B16E586A30A878910 
:10765000160887C70627870100A1E7868B16E586EF 

10 :10766000A300878916FE86BA0100830EDF8602F723 
:1076700006628640007503E99A008D46FB508D46FO 
:10768000FC506A009A889COOD083C4063D010074B7 
:1076900003E9B400E971FFEB7B900EE885DFA204FB 
:1076A00087EB7A807C0914757B833EED8600746DDO 

15 :1076B000803E0487007466AlDF86F7D81BC040A90E 
:1076C000040074599AAF4000DOA1E7868B16E58676 
:1076DOOOA30A8789160887AlED86A32787AlE786D5 
:1076E0008B16E586A300878916FE8633D2830EDFCC 
:1076F0008602F70662864000741A8D46FB508D465E 

20 :10770000FC506A009A889COODQ83C4063D01007535 
:1077100037E9F4FE529AOE38000059EB2B900EE860 
:107720000103EB24C60618848A89362EDA900EE804 
:107730004~90900EE8EC02C7062EDAFFFFC7063623 
:10774000DAOF00900EE8448C5EC9C3C80E000056E4 

25 :10775000F706CA8641007403E92102AlOA878Bl645 
:1077600008873B06E3867303E9110275093B16E1BE 
:10777000867303E90602A1E3868Bl6El860316EF02 
:10778000861500003B060A877303E9EF0177093B82 
:107790001608877703E9E401A10A878B1608870397 

30 :1077A00016278715000083EA011D00008946FA8923 
:1077B00056F8A1E3868B16El860316EF86150000C6 
:1077C00083EA011D00008946FE8956FC8B46FC2B8E 
:1077D00006088740A3C086Al27873B06C08673039F 
:1077EOOOA3C086Al2787A3B2868BlE688633C98B68 

35 :1077F000160A87A108872B06El861B16E3869AB82E 
:10780000004CF88BlEEB868BOEE98603C813DA89Dl 
:107810001EA986890EA786Al9D868B169B8683C28C 
:1078200001150000505253519A24004CF88916A9B2 
:1078300086A3A7868B46FA8B56F83B46FE720F77D7 

40 :10784000053B56FC76088B76F82B76FCEB0233F67C 
:107850000BF67503E90E018BlE278733C92BDE8308 
:10786000D900Al688633D29AB8004CF88B1EA9863D 
:107870008BOEA78603C813DA891EA586890EA386F8 
:10788000A19D868B169B8683C20115000050525322 

45 :10789000519A24004CF88916A586A3A3868936B090 
:1078A000868936B486Al27872BC68Bl695862BD062 
:1078B00089169186Al9186A39386893627878B4660 
:1078COOOFE88S6FC83C201150000A30A87891608A7 
:1078D000878126DF8GlCFF9AD40100DOF7066286D6 
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315 
:1079000000D083C4063D01007572FF36A586FF36AO 
:10791000A386FF36AA886A009A2F68000083C4081D 
:10792000EB43EB58900EE83ADC8ADOF6C2017507BB 
:10793000B400A908007504B201EB02B200529AFA31 

5 :107940002BOOD059833E91860074A0830EDF8640Cl 
:10795000900EE8CEDCA204876A009AOE3800D05957 
:107960003D010075178126CA86FFFBC706C4860045 
:1079700000C706C2860000B80100EB0233C05EC932 
:10798000C3558BEC5657FA8B4606A300008B460472 

10 :10799000A32EDA900EE8128E8BF8EB4F8B4604A3El 
:1079A0002EDA900EE8638E8BF0837C0407740683D6 
:1079B0007C040D75178B4606A32EDA893630DAC79C 
:1079C0000636DA0500900EE8C289EB1FF7066286DC 
:1079D0004000740E56681E00900EE8331C83C40~gg 

15 :1079EOOOEB0989362EDA900EE8938D837Dl80075A9 . 
:1079FOOOABFB5F5E5DC3F706DF860200741FFA8390 
:107AOOOOOEDF8604FB68A861900EE8901A59F7060D 
:107A1000DF860200740C8326DF86F9EB058326DFOO 
:107A200086FBC3FA802603F17F6A00900EE88B1E66 

20 :107A300059C60679F01F900EE8A29A9AB00100DOBC 
:107A4000C60647F001C60649F001C6067DFOFFC62E 
:107A50000622FOFF800El0F104C60620Fl00C606D3 
:107A600021FlOOC60622FlFFC60623FlFF8326DFBF 
:107A700086FDFBCBOOOOOOOOOOOOOOOOOOOOOOOOBD 

25 :107A8000C806000056578B36AA88C646FF02C7466E 
:107A9000FCF480C746FAF8808B3EAA8883C7069A12 
:107AA000000000D00BC07503E97B018A05ClE8071F 
:107AB0002501000BC0750C8A05ClE8062501000BE5 
:107ACOOOC0740B6A05900EE87FA359E958018A45F6 

30 :107AD00002B400C1E0068A550383E23F03D03B169F 
:107AE000288876046A03EBDD6A079A700000D05993 
:107AFOOOOBC07503E92F01F7068D860020750780FE 
:107B00003E3A8800750FC6441607C6441727804CB6 
:107810004E01E9CSOOOEE86A08900AC07403E90541 

35 :107B200001900EE882A70BC07408900EE895A2E9B8 
:107B3000F400560EE8DB1590593D01007403E9E5A9 
:107B400000803EDC830074186AOOFF3664866A1089 
:107B50006A009AOD004CF8509A34D900D059EB12B3 
:107B60008B5EFCFF370EE8910990590AC07403E957 

40 :107B7000B40057E8B70B590EE8E216909A1CEOOOE3 
:107B8000D08B5EFA8A4702B4002520003D010074C4 
:107B90001DOEE8B800900AC07414C7062EDAFFFF65 
:107BAOOOC70636DAOF00900EE8E187EB79908B5ElE 
:107BBOOOFA8A4702244050E83Al459900EE8371BDD 

45 :107BC0003D0100750D9AFF1B2BF2F706628610002F 
:107BD000750FC6441603C6441700900EE8DEAOEBEE 
:107BE000458B5EFAF64702017438F647020174329B 
:107BF000813EA3086EDE742A56E81211593D010039 
:107C00007517900EE8181B3D01007416C644160344 
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316 
:107C3000145F5EC9C38B1EAA88F7472AF438740AFA 
:107C4000900EE87FA1B80400EB0233COC35657BFC3 
:107C5000F8808B36AA8883C6069AOCDAOOD0803E5C 
:107C60002487017407803E248702753D8A04C1E899 

5 :107C7000072501000BC075246A04E85500593D0131 
:107C8000007404B002EB48F6450240740F.803EA237 
:107C900008007508E8B4013D010075E76A08E8319D 
:107CA00000593D01007426EBDA6A04E82400593DCE 
:107CB000010075CFF64502407408E88E013D0100Dl 

10 :107CC00075C16A08E80B00593D010075B6BOOOSF48 
:107CD0005ECBC80E00005657C746FEF8806AOOFFOC 
:107CE0003664866Al06A009AOD004CF88BFOBF016A 
:107CF00000803E2487017407803E2487027503BEFE 
:107DOOOOFF008BSEFEF64702407407803EA208002B 

15 :107Dl0007407803E36900175238326CA86EEC746D7 
:107D2000FAOOOOC746F80000A122888Bl620888937 
:107D300046F68956F4C646F316E9F6008326CA8647 
:107D4000EF830ECA8601A18B86C746FA00008946DA 
:107D5000F8C746F60000C746F40000C646FDOOEB33 

20 :107D6000448A46FDB4006BCOOE8BD88B8F2F878B57 
:107D7000872D878A56FDB6006BD20E8BDA038731CA 
:107D800087138F33878A56FDB6006BD20E8BDA507D 
:107D90008B87358733D25B9AB8004CF80146F411D3 
:107DA00056F6FE46FDBA46FDB4006BCOOE8BD883A6 

25 :107DBOOOBF3587007406807EFDOA75A5C646F30BA5 
:107DCOOOEB7033C03B46F6771072053B76F47309CF 
:107DDP002976F4835EF600EBOD8B76F4C746F60049 
:107DEOOOOOC746F40000837E0404751EC706A586FE 
:107DFOOOOOOOC706A38600008A46F3506A0056FFBB 

30 :107E000076FAFF76F8E83001EB1CC706A58600007D 
:107E1000C706A38600008A46F3506A0056FF76FA2A 
:107E2000FF76F8E8650383C40A8BF80176F8835679 
:107E3000FA008B46F40B46F6740583FF017483C782 
:107E400006CA8600008BC75F5EC9C3C81000005613 

35 :107E500057B90100C646F121FAA1FE808946F28B8E 
:107E60001E34DA8B07A3FE80A128FF8946FC830EOF 
:107E700028FF01FB830ECA8601C646FF008A46FF23 
:107E8000B4006BCOOE8BD88BBF3587A18B86C746DD 
:107E9000F600008946F433F6EB778A46FFB4006BBO 

40 :107EAOOOCOOE8BD88B872F878B972D870156F411A7 
:107EB00046F68A46FFB4006BCOOE8BD88B8733879B 
:107EC0008B9731878946FA8956F8C706A586000040 
:107EDOOOC706A38600008A46F150FF76FA52FF7665 
:107EEOOOF6FF76F4E8510083C40A8BC88B46FA8BOO 

45 :107EF00056F80156F41146F64F8BC70BC07511FEAC 
:107F000046FF8A46FFB4006BCOOE8BD88BBF358707 
:107Fl0004683F90175093B361E887303E97BFF83AD 
:107F200026CA86FEFA8B46F2A3FE808B46FCA32867 
:107F3000FFFB8BC15F5EC9C3C81400005657~7461C 
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317 
:107F60003D0400750533COE90D028B46068B5604AF 
:107F7000A30A87891608878B4608A327878B46F4BO 
:107F80008B56F2A3A5868916A3868326CA86F1831B 
:107F90000ECA8602803E2487017407803E24870231 

5 :107FA00075079A512D06EFEB03E8BBOD8BF88B3666 
:107FBOOOBE86897EECB90400BB7B812E8B073B46D5 
:107FCOOOEC740783C302E2F3EB4E2EFF6708EB4825 
:107FD0008B46068B560403D61500008946FE89564B 
:107FEOOOFC3B46FA75053B56F8741A900EE861D7CB 

10 :107FF0008846EFA079838846F78B46FE8B56FC892E 
:1080000046FA8956F881FFE9037505FE4EF7EB083D 
:10801000FE4EEFEB03E9A2000BF67503E9A3008324 
:1080200026CA86F1830ECA86048B46068B5604A3A5 
:108030000A8789160887893627878B46F48B56F27C 

15 :10804000A3A5868916A386803E2487017407803EF7 
:1080500024870275079A512D06EFEB03E8080D8B74 
:10806000F88B36BE868BC70BC0744F3D0200740779 
:108070003DE9037402EB4B8B46068B560403D61581 
:1080800000008946FE8956FC3B46FA75053B56F8CA 

20 :108090007418AOD6828846EFA079838846F78B466D 
:1080AOOOFE8B56FC8946FA8956F881FFE90375056F 
:1080BOOOFE4EF7EBODFE4EEFEB08C746FOOOOOE971 
:1080C800A100297608835EOA000176048356060023 
:1080D0008BC6F72E64860146F28356F400837EFA3F 

25 :1080EOOOFF7509837EF8FF7503EB7890807EEFOOC3 
:1080F0007C06807EF7007D6B8A460CB4003DOB0049 
:1081000074163D160074073D21007433EB4B9A7AC8 
:10811000E900D08946FOEB41C706278701009AC3E2 
:10812000C100DOA118878B161687A31D8789161B3F 

30 :1081300087A01A87A21F879A67DAOOD08946F08342 
:1081400046040183560600836E0801835EOAOOA17F 
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:10A8D000000000000000150000000500010000005D 
:10A8E0000012000000020300000000000000'000051 
:10A8F000000000000000000000001F008FFEFFFFAE 
:10A90000005FFFFFFF1E10000000000000000000BD 

5 :10A910000000000000004F,1900001F0060FFFFFF53 
:10A9200000FFFFFFFF1EOOOOOOOOOOOOOOOOOOOOOD 
:10A93000000000000000AF2C00001F00000000001D 
:10A94000003F0600001EOOOOOOOOOOOOOOOOOOOOA4 
:10A950000000000000006FEE00001F004006000035 

10 :10A9600000E30C00001E01000000000000000000D9 
:10A970000000000000004BBC01001FOOE40COOOOCO 
:10A9800000EB1300001E02000000000000000000A9 
:10A99000000000000000439602001FOOEC130000BE 
:10A9A00000571B00001E0300000000000000000014 

15 :10A9BOOOOOOOOOOOOOOD577C03001F00581B00002F 
:10A9C00000272300001E040000000000000000001B 
:10A9D000000000000000876E04001F002823000014 
:10A9EOOOOOSB2B00001E05000000000000000000BE 
:10A9FOOOOOOOOOOOOOOOD36C05001F005C2B00006D 

20 :10AAOOOOOOF33300001E06000000000000000000FC 
:10AA10000000000000003B7706001FOOF433000038 
:10AA200000EF3C00001E07000000000000000000D6 
:10AA3000000000000000BF8D07001FOOF03C000078 
:10AA4000004F4600001E080000000000000000004B 

25 :10AA50000000000000005FB008001F00504600002A 
:10AA600000135000001E090000000000000000005C 
:10AA70000000000000001BDF09001F001450000050 
:10AA8000003BSA00001EOA00000000000000000009 
:10AA9000000000000000F3190B001F003C5A0000EA 

30 :10AAAOOOOOC76400001EOB00000000000000000052 
:10AABOOOOOOOOOOOOOOOE7600C001FOOC8640000F8 
:10AACOOOOOB76F00001EOC00000000000000000036 
:10AADOOOOOOOOOOOOOOOF7B30D001FOOB86F000079 
:10AAEOOOOOOB7B00001EODOOOOOOOOOOOOOOOOOOB5 

35 :10AAF00000000000000023130F001FOOOC7B00006B 
:10ABOOOOOOC38600001EOEOOOOOOOOOOOOOOOOOODO 
:10AB10000000000000006B7E10001FOOC4860000D3 
:10AB200000DF9200001EOF00000000000000000087 
:10AB3000000000000000CFF511001FOOE0920000AF 

40 :10AB400000999300001EOFOOOOOOOOOOOOOOOOOOAC 
:10AB5000000000000000550C12001F009A93000036 
:10AB6000009E9400001E1000000000000000000085 
:10AB7000000000000000F02B12003F003F0000002A 
:10AB80003F3F0000003F3FOOOOOOOOOOOOOOOOOOC9 
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:10AC0000000000000000003F0600001E1FOOOOOOC2 
:10AC10000000000000006FEE00004ABC0100COC14F 
:10AC200000004006000000E30C00001E1FOOOOOOB2 
:10AC30000000000000004BBC0100429602009C8F07 

5 :10AC40000100E40COOOOOOEB1300001ElFOOOOOOD8 
:10AC500000000000000043960200567C0300946947 
:10AC60000200EC13000000571B00001ElF00000034 
:10AC7000000000000000577C0300866E0400A84FOF 
:10AC80000300581B000000272300001ElFOOOOOOC7 

10 :10AC9000000000000000876E0400D26C0500D8415F 
:10ACA000040028230000005B2B00001ElF00000092 
:10ACBOOOOOOOOOOOOOOOD36C05003A770600244035 
:10ACC00005005C2BOOOOOOF33300001ElF00000095 
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15 :10ACE0000600F433000000EF3C00001ElFOOOOOOCF 
:10ACF000000000000000BF8D07005EB0080010617A 
:10AD00000700F03C0000004F4600001ElF0000003E 
:10AD10000000000000005FB008001ADF0900B083E7 
:10AD200008005046000000135000001ElFOOOOOOE5 

20 :10AD30000000000000001BDF0900F2190B006CB2DC 
:10AD4000090014500000003B5A00001ElFOOOOOOC4 
:10AD5000000000000000F3190BOOE6600C0044ED59 
:10AD60000A003C5AOOOOOOC76400001ElFOOOOOODB 
:10AD7000000000000000E7600COOF6B30D0038345E 

25 :10AD80000COOC864000000B76F00001ElF00000028 
:10AD9000000000000000F7B30D0022130F004887E9 
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:10AE1000000000000000550Cl200EF2Bl200A6DFOE 
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:10AE60006FEE0000014BBC01000243960200035745 

40 :10AE70007C030004876E040005D36C0500063B7755 
:10AE8000060007BF8D0700085FB00800091BDF0937 
:10AE9000000AF3190BOOOBE7600COOOCF7B30D0070 
:10AEA0000D23130FOOOE6B7E10000F150000000520 
:10AEB0000001000000001200000002033F0000003B 
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:10AF30000046050000008BOA0000140142020000D8 
:10AF40000000000000000000000000A5F300001653 
:10AF5000008COAOOOOOOD10F0000150264020000FE 
:10AF600000000000000000000000002D6B01001731 

5 :10AF700000D20F0000001715000016038602000023 
:10AF8000000000000000000000000059E901001965 
:10AF90000018150000005DlA00001804A802000047 
:10AFA0000000000000000000000000296E02001AEE 
:10AFB000005ElAOOOOOOA31F00001905CA0200006D 

10 :10AFC00000000000000000000000009DF902001BCE 
:10AFDOOOOOA41FOOOOOOE92400001A06EC02000093 
:10AFEOOOOOOOOOOOOOOOOOOOOOOOOOB58B03001C02 
:10AFF00000EA240000002F2A00001B070E030000B7 
:10B000000000000000000000000000712404001E89 

15 :10B0100000302A000000752F00001D0830030000DA 
:10B020000000000000000000000000DlC304001F69 
:10B0300000762FOOOOOOBB3400001E095203000000 
:10B040000000000000000000000000D5690500209D 
:10B0500000BC34000000013A00001FOA7403000025 

20 :10B0600000000000000000000000007Dl606002225 
:10B0700000023A000000473F0000210B9603000049 
:10B080000000000000000000000000C9C906002305 
:10B0900000483F0000008D440000220CB80300006F 
:10BOAOOOOOOOOOOOOOOOOOOOOOOOOOB98307002439 

25 :10BOB000008E44000000D3490000230DDA03000095 
:10BOC00000000000000000000000004D44080025C2 
:10BODOOOOOD449000000194F0000240EFC030000BA 
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:10BOF000001A4F0000005F540000260F1E040000DD 
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:10Bl1000006054000000B0540000260F1E04000020 
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:10B260000000000000000000000000296E02001134 
:10B270000028230000005B2B0000100500000000E8 
:10B2800000000000000000000000009DF902001115 
:10829000005C28000000F3330000100600000000E8 

5 :10B2A000000000000000000000000085880300114A 
:10B2800000F433000000EF3C000010070000000025 
:10B2C00000000000000000000000007124040011D4 
:10B2DOOOOOF03C0000004F46000010080000000095 
:1082EOOOOOOOOOOOOOOOOOOOOOOOOOD1C304001185 

10 :1082F000005046000000135000001009000000003C 
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:108310000014500000003B5A0000100A000000001A 
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15 :108340000000000000000000000000C9C906001154 
:10B3500000C864000000876F0000100C000000007F 
:10B360000000000000000000000000B98307001189 
:10B3700000B86FOOOOOOOB7B0000100D0000000003 
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20 :10839000000C78000000C3860000100EOOOOOOOOBF 
:10B3A0000000000000000000000000850B090011F3 
:1083BOOOOOC486000000DF920000100FOOOOOOOOB3 
:10B3C000000000000000000000000061D909001129 
:10B3DOOOOOE09200000099930000100FOOOOOOOOBO 
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:10B3F000009A930000009E940000101000000000CE 
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:10B5FOOOC90600FCFD05003C5AOOOOOOC7640000BD 
:,10B600001011000000000000000000C9C90600B8C9 
:10B6100083070048Bl0600C864000000B76F00004F 

10 :10B620001011000000000000000000B98307004C6A 
:10B63000440800386B0700B86FOOOOOOOB7B000067 
:10B6400010110000000000000000004D44080084BC 
:10B650000B0900CC2B08000C7BOOOOOOC386000007 
:10B660001011000000000000000000850B090060CO 

15 :10B67000D9090004F30800C486000000DF9200002E 
:10B68000101100000000000000000061D90900BA9C 
:10B69000E50900EOC00900E0920000009993000075 
:10B6A0001011000000000000000000BBE509000FC1 
:10B6BOOOF709003ACD09009A930000009E9400001B 

20 :10B6C00010110000000000000000003F0000003FDB 
:10B6D0000000008EDE09003F0000003F3F00000038 
:10B6E0003F3F0000000000000000000100000010CB 
:10B6FOOOOOOOOOOOOOC182000001A5F30000022D3F 
:10B700006B01000359E9010004296E0200059DF94F 

25 :10B71000020006B58B0300077124040008D1C3049E 
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:1088EOOOAOFOOE006000E821000000482500005F82 
:1088F0000A0000000000000000000000000000003E 

5 :10890000203610005E004C25000000AF2800005DCE 
:10891000080000000000000000000000000000001C 
:10892000D87411005C008028000000132C000058EC 
:108930000COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOF8 
:10894000C8AC12005A00142C000000772F000059D8 

10 :108950000DOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODA 
:10B96000FODD13005800782FOOOOOODB3200005794 
:108970000E00000000000000000000000000000089 
:10898000500815005600DC320000003F360000551C 
:108990000F00000000000000000000000000000098 

15 :10B9AOOOE828160054004036000000A33900005375 
:108980001000000000000000000000000000000077 
:1089C000884817005200A439000000073D0000519C 
:108900001100000000000000000000000000000056 
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:108A0000006E19004E006C40000000CF4300004D56 
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:108A200078761A004COOD0430000003347000048EA 
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25 :108A400028781B004A003447000000974A0000494C 
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:108A600010731C004800984AOOOOOOF84D0000477E 
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:10BC900003000000000000000000000000000000Al 
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:10BCB0000400000000000000000000000000000080 
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:10BF4000183B1F001F0090FB000000C70201001EED 
:10BF500019000000000000000000000000000000C8 

5 :10BF6000E01A20001FOOC802010000C70901001EDE 
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:10BFC000889122001F002017010000771D01001E2C 
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:10BFE000285723001F00801D010000831F01001E01 
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:10C010001D00000000000000000000000000000003 
:10C020008ABF23003F003F0000003F3F0000003F69 
:1oco30003Fooooooooooaoooooooooooooooooooc1 
:10C0400001000000230000003F0000003F0000004E 

20 :10C050003F3F0000003F3FOOOOOOOOOOOOOOOOOOE4 
:10C0600000000000598C0000583BFFFFA8F9FFFFBB 
:10C07000002FFEFFFF1E1F00000000000000000058 
:10C08000788C000091C30000DOC7FFFF30FEFFFF97 
:10C0900000F7FFFFFF1ElF0000000000000000006F 

25 :10COAOOOA8C40000F74D02000000000000000000DE 
:10COB00000AFOC00001E1F00000000000000000088 
:10COCOOOF84D02007FD0030050890100800C000041 
:10COD00000271900001E1FOOOOOOOOOOOOOOOOOOE3 
:10COE00080D003003F4C0500D80B03002819000046 

30 :lOCOF00000672500001ElF00000000000000000077 
:10C10000404C050037C106009887040068250000FO 
:10Cll000006F3100001E1F00000000000000000042 
:10C1200038C10600672F080090FC05007031000040 
:10Cl3000003F3D00001E1F00000000000000000046 

35 :10Cl4000682F0800CF960900C06A0700403D000034 
:10C1500000D74800001E1F00000000000000000083 
:10Cl6000D09609006FF70A0028D20800D8480000CE 
:10Cl700000375400001E1FOOOOOOOOOOOOOOOOOOF7 
:10Cl800070F70A0047510COOC8320A00385400000A 

40 :10C19000005F5F00001E1FOOOOOOOOOOOOOOOOOOA4 
:10ClA00048510C0057A40DOOA08COB00605FOOOOEC 
:10ClB000004F6A00001ElF00000000000000000089 
:10ClC00058A40D009FFOOEOOBODFOC00506A000074 
:10ClD00000077500001ElFOOOOOOOOOOOOOOOOOOA6 

45 :10C1EOOOAOFOOE001F361000F82BOE00087500009E 
:10ClF00000877F00001ElFOOOOOOOOOOOOOOOOOOFC 
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:10C2500000B79D00001ElF0000000000000000004D 
:10C26000FODD13004F08150048191300B89DOOOOB9 
:10C270000057A700001ElF00000000000000000083 
:10C2800050081500E72Bl600A843140058A700001B 

5 :10C2900000BFB000001E1FOOOOOOOOOOOOOOOOOOF2 
:10C2AOOOE82B1600B748170040671500COB0000023 
:10C2BOOOOOEFB900001ElF00000000000000000099 
:10C2COOOB8481700BF5E180010841600FOB90000CF 
:10C2DOOOOOE7C200001ElF00000000000000000078 

10 :10C2EOOOC05El800FF6D1900189A1700E8C2000020 
:10C2FOOOOOA7CB00001ElF0000000000000000008F 
:10C30000006E190077761A0058A91800A8CB000013 
:lOC31000002FD400001ElFOOOOOOOOOOOOOOOOOODD 
:10C3200078761A0027781BOODOB1190030D40000AD 

15 :10C33000007FDC00001E1F00000000000000000065 
:10C3400028781BOOOF731C0080B31A0080DCOOOOEB 
:10C350000097E400001ElF00000000000000000025 
:10C3600010731C002F671D0068AE1B0098E40000CE 
:10C370000077EC00001ElFOOOOOOOOOOOOOOOOOOlD 

20 :10C3800030671D0087541E0088A21C0078EC000056 
:10C39000001FF400001ElF0000000000000000004D 
:10C3A00088541E00173BlFOOE08FlD0020F4000082 
:10C3B000008FFB00001ElFOOOOOOOOOOOOOOOOOOB6 
:10C3C000183BlFOODFlA200070761E0090FB000053 

25 :10C3DOOOOOC70201001E1F00000000000000000056 
:10C3EOOOE01A2000DFF3200038561FOOC8020100C9 
:10C3FOOOOOC70901001E1F0000000000000000002F 
:10C40000EOF3200017C62100382F2000C8090100E2 
:10C41000008Fl001001ElF0000000000000000003F 

30 :10C4200018C62100879122007001210090100100AO 
:10C43000001Fl701001E1F00000000000000000088 
:10C44000889122002F562300EOCC21002017010004 
:10C4500000771D01001ElFOOOOOOOOOOOOOOOOOOOA 
:10C4600028572300739B230080922200801D010027 

35 :10C4700000B31F01001ElFOOOOOOOOOOOOOOOOOOAC 
:10C480006C9C230089BF2300C4D72200BC1F01007D 
:10C4900000DD2001001ElF00000000000000000061 
:10C4A0003F0000003FOOOOOOE1FA22003FOOOOOOD2 
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40 :10C4C000010000001EOOOOOOOOOOF84D0200018085 
:10C4DOOOD0030002404C05000338C1060004682F59 
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:10C4F000000858A40D0009AOFOOEOOOA2036100014 
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:10C5BOOOOOOOOOOOOOOOOOOOOOOOOOF471000042D4 

5 :10C5COOOOOOOOOOOOOOOFC0200004100000000002C 
:10C5D00000000000000000000000002E37010041B4 
:10C5EOOOOOFD02000000F90500004001000000000D 
:10C5F00000000000000000000000006BF901004096 
:10C6000000FA05000000F60800003F0200000000EC 

10 :10C610000000000000000000000000ABB802003F76 
:10C6200000F708000000F30B00003E0300000000CC 
:10C630000000000000000000000000EE7403003E57 
:10C6400000F40BOOOOOOFOOE00003D0400000000AC 
:10C650000000000000000000000Q00342E04003D37 

15 :10C6600000Fl0EOOOOOOED1100003C05000000008C 
:10C6700000000000000000000000007DE404003Cl9 
:10C6800000EE11000000EA1400003B06000000006C 
:10C690000000000000000000000000C99705003BFA 
:10C6AOOOOOEB14000000E71700003A07000000004C 

20 :10C6B0000000000000000000000000184806003ADA 
:10C6COOOOOE817000000E41A00003908000000002C 
:10C6D00000000000000000000000006AF5060039BC 
:10C6EOOOOOE51AOOOOOOE11D00003809000000000C 
:10C6FOOOOOOOOOOOOOOOOOOOOOOOOOBF9F0700389D 
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:10C7400000DC23000000D8260000350COOOOOOOOAB 
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:10C770000000000000000000000000312BOA00341F 
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:10C79000000000000000000000000095C60A003301 

35 :10C7AOOOOOD32COOOOOOCF2F0000320F000000004B 
:10C7BOOOOOOOOOOOOOOOOOOOOOOOOOFC5EOB0032E2 
:10C7COOOOOD02FOOOOOOCC3200003110000000002B 
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:10C7EOOOOOCD32000000C93500003011000000000B 
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:10C8EOOOOOB54AOOOOOOB14D00002819000000000A 

5 :10C8FOOOOOOOOOOOOOOOOOOOOOOOOOA7AE100028AB 
:10C9000000B24DOOOOOOAE500000271AOOOOOOOOE9 
:10C9100000000000000000000000002F261100278A 
:10C9200000AF50000000AB530000261BOOOOOOOOC9 
:10C930000000000000000000000000BA9A1100266C 

10 :10C9400000AC53000000A8560000251COOOOOOOOA9 
:10C950000000000000000000000000480C1200254C 
:10C9600000A956000000A5590000241D0000000089 
:10C970000000000000000000000000D97A1200242E 
:10C9800000A659000000A25C0000231E0000000069 

15 :10C9900000000000000000000000006DE61200230F 
:10C9AOOOOOA35C0000009F5F0000221F0000000049 
:10C9B0000000000000000000000000044Fl30022EF 
:10C9C00000A05F0000009C62000021200000000029 
:10C9D00000000000000000000000009EB4130021Dl 

20 :10C9E000009D620000009965000020210000000009 
:10C9FOOOOOOOOOOOOOOOOOOOOOOOOOC31714002128 
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:10CA200000ED66000000806700002021000000008B 

25 :10CA30000000000000000000000000C85614003F85 
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:10CA6000000100000000240000000203000000009C 
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:10CB0000000717000000462200001002000000008D 
:10CB10000000000000000000000000ABB80200119F 

40 :10CB2000004722000000592D000010030000000003 
:10CB30000000000000000000000000EE740300117F 
:10CB4000005A2D0000003F380000100400000000D3 
:10CB50000000000000000000000000342E0400115E 
:10CB6000004038000000F8420000100500000000FE 

45 :10CB700000000000000000000000007DE40400113F 
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:10CBF0000000000000000000000000Bf9F070011BF 
:10CC0000001B6COOOOOOF2750000100A000000001C 
:10CC1000000000000000000000000017470800119D 

5 :10CC200000F3750000009D7F0000100B0000000065 
:10CC3000000000000000000000000072EB0800117E 
:10CC4000009E7F0000001B890000100C0000000007 
:10CC50000000000000000000000000D08C0900115E 
:~OCC6000001C890000006C920000100D0000000004 

10 :10CC70000000000000000000000000312BOA00113D 
:10CC8000006D9200000090980000100E000000005C 
:10CC900000000000000000000000009,C60A00111E 
:10CCA00000919B00000087A40000100FOOOOOOOOOE 
:10CCBOOOOOOOOOOOOOOOOOOOOOOOOOFC5EOB0011FE 

15 :10CCC0000088A400000051AD00001010000000001A 
:10CCD000000000000000000000000066F40B0011DE 
:10CCE0000052ADOOOOOOEEB5000010110000000081 
:10CCFOOOOOOOOOOOOOOOOOOOOOOOOOD3860C0011BE 
:10CDOOOOOOEFB50000005EBE000010120000000041 

20 :10CD1000000000000000000000000043160D00119C 
:10CD2000005FBEOOOOOOA1C600001013000000005C 
:10CD30000000000000000000000000B6A20D00117D 
:10CD400000A2C6000000B7CE0000101400000000D2 
:10CD500000000000000000000000002C2COE00115C 

25 :10CD60000088CEOOOOOOAOD60000101500000000A2 
:10CD70000000000000000000000000A5B20E00113D 
:10CD800000AlD60000005CDE0000101600000000CC 
:10CD9000000000000000000000000021360F00111C 
:10CDA000005DDEOOOOOOEBE5000010170000000051 

30 :10CDBOOOOOOOOOOOOOOOOOOOOOOOOOAOB60F0011FD 
:10CDCOOOOOECE50000004DED000010180000000030 
:10CDD00000000000000000000000002234100011DC 
:10CDE000004EED00000082F4000010190000000069 
:10CDFOOOOOOOOOOOOOOOOOOOOOOOOOA7AE100011BD 

35 :10CE00000083F40000008AFB0000101A00000000FC 
:10CE100000000000000000000000002F261100119B 
:10CE2000008BFB00000065020100101BOOOOOOOOE9 
:10CE30000000000000000000000000BA9Al100117C 
:10CE400000660201000013090100101C0000000030 
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:10CE6000001409010000940F0100101DOOOOOOOOD3 
:10CE70000000000000000000000000D97Al200113C 
:10CE800000950F010000E8150100101EOOOOOOOOD1 
:10CE900000000000000000000000006DE61200111C 
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:10CF100000000000000000000000000F431400119A 
:10CF2000006B2A010000932B01001021000000007B 
:10CF30000000000000000000000000C85614003F80 
:10CF4000003F0000003F3F0000003F3FOOOOOOOOA6 

5 :10CF5dOOOOOOOd00000000000000000100000027A9 
:10CF60000000003F0000003F0000003F3FOOOOOOC5 
:10CF70003F3FOOOOOOOOOOOOOOOOOOOOOOOOOOD360 
:10CF80004EOOOOOC8EFFFF4CF9FFFFOOEFFDFFFF8E 
:10CF9000101100000QOOOOOOOOOOOOE44E00005BE3 

10 :10CFA000710000FODCFFFFFOFDFFFFOOF7FFFFFF67 
:10CFB0001011000000000000000000F47100002DBE 
:10CFC000370100000000000000000000990B000085 
:10CFD00010110000000000000000002E3701006A60 
:10CFEOO~F901003AC500009AOB0000000617000086 

15 :10CFF00010110000000000000000006BF90100AA01 
:10DOOOOOB8020077870100071700000046220000El 
:10D010001011000000000000000000ABB80200ED90 
:10002000740300B74602004722000000592D00009B 
:10D030001011000000000000000000EE7403003337 

20 :100040002E0400FA0203005A2D0000003F380000Bl 
:100050001011000000000000000000342E04007CCD 
:10006000E4040040BC03004038000000F842000027 
:10007000101100000000000000000070E40400C862 
:1000800097050089720400F942000000844DOOOOF9 

25 :100090001011000000000000000000C997050017F3 
:1000A000480600D5250500854DOOOOOOE357000027 
:100080001011000000000000000000184806006980 
:1000COOOF5060024D60500E45700000015620000B4 
:1000D00010110000000000000000006AF50600BEOC 

30 :1000E0009F07007683060016620000001A6C000090 
:1000F0001011000000000000000000BF9F07001694 
:10010000470800CB2D07001B6COOOOOOF2750000E3 
:100110001011000000000000000000174708007117 
:10012000EB080023D50700F375000000907F000089 

35 :10013000101100000000000000000072EB0800CF9A 
:100140008C09007E7908009E7F0000001B8900008A 
:100150001011000000000000000000008C09003019 
:100160002BOAOODC1A09001C890000006C920000E8 
:100170001011000000000000000000312BOA009494 

40 :10018000C60AOOE78909006D92000000909BOOOOFC 
:10019000101100000000000000000095C60AOOFBOE 
:10D1A0005EOBOOA1540A00919B00000087A40000CO 
:10D1B0001011000000000000000000FC5EOB006584 
:10D1COOOF40B0008EDOA0088A400000051AD000037 
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:10D26000B20E0038BAODOOB8CEOOOOOOAOD6000003 
:10D270001011000000000000000000A5B20E002008 

5 :10D28000360FOOB1400EOOA1D60000005CDEOOOOA9 
:10D29000101100Q00000000000000021360F009F68 
:10D2AOOOB60F002DC40E005DDEOOOOOOEBE50000AF 
:10D2B0001011000000000000000000AOB60F0021C7 
:10D2C000341000AC440FOOECE50000004DED000010 

10 :10D2D000101100000000000000000022341000A621 
:10D2EOOOAE10002EC20F004EED00000082F40000DO 
:10D2F0001011000000000000000000A7AE10002E7A 
:10D30000261100B33C100083F40000008AFBOOOOEB 
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10 :1012D000526A000EE820FA83C40COBC07503E9F1D2 
:1012EOOOFD3D02007402EB1F8B46F48B56F23B4629 
:1012FOOOF075053B56EE742CFA8B46F48B56F2A330 
:10130000E68B8916E48BFB8346EE018356F0008B57 
:10131000C7993B56F07FA57403E94FFF3B46EE7734 

15 :101320009BE947FF884EF48B5EF2BAFFFFB8FFFFDD 
:101330009AB8004CF805FFFF83D2FF505233D2B861 
:101340000500595B9AB8004CF88A56F6B600BB0502 
:1013500000508BC299F7FB5A2BD04A526A010EE813 
:101360005EF683C40456E898FA598946EC8D46CA5D 

20 :10137000506A429A006BOOE083C404837EEC0175DE 
:1013800005B80900EBOC837EEC027503E951FDB84A 
:101390000C005F5EC9C39E129E12A812A812B01262 
:1013AOOOB0127B117Bl1A711A711C811C811C83A3F 
:1013B000000056578B7604C646F700C746EA200D54 

25 :1013C0008D46F8508D46C6506A169A006BOOE08331 
:1013DOOOC4063DOB007555807EF80075258A46FDD4 
:1013E00088048A46FE8844018A46FF8844028D4666 
:1013FOOOC6506A429A006BOOE083C404B80A00E950 
:10140000B2028A46F7FEC08846F7807EF70A721459 

30 :101410008D46C6506A429A006BOOE083C404B80B44 
:1014200000E990026A2C9A006BOOE0596A0068009B 
:10143000519A690206EF83C4048946EC837EEC016D 
:10144000740F568A46EC509A640306EF83C404EB8B 
:101450009D6A0068015B9A690206EF83C4048946AD 

35 :10146000EC837EEC0175DBA02487B4008BD883FB72 
:10147000057764DlE32EFFA7C416BF8C3CC746E8AE 
:101480000000C746E69E49576800C09A690206EF09 
:1014900083C4048946EC837EEC0175A66A0068006B 
:1014A000449A690206EF83C4048946ECEB29BF50D5 

40 :1014B00046C746E80000C746E69A93576800C09AB8 
:1014C000690206EF83C4048946EC837EEC01740351 
:1014DOOOE96FFF6Al0EBC7837EEC017403E962FFDA 
:1014EOOOC70612870000C70614870000803E0787E2 
:1014F0000074196A0068005B9A690206EF83C404ED 

45 :101500008946EC837EEC017403E936FFFAC706E6FO 
:101510008B0000893EE48BFBC746FOOOOOC746EE17 
:101520000000EB4F568D46F2506A00A1E68B8B16F9 
:10153000E48B83C26915000050526AOOOEE887F7C9 
:1015'100083C'10C8946ECOBC07503E9A1FE3D02008J 
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: 1 () 1 r, r,r) () () . ~ r~ r~ c, r, F. r, 7 ~ () CJ EB 3 0 E Cj 8 3 FE ~5 -~ '1 r, F. F. ( Jl ~~ -~ (j r, 

-8 JAN 2003 



375 

:1015700056F0008B46EABB690099F7FB993B56FOA1 
:1015800075A23B46EE759D8D46C6506A429A006B29 
:1015900000E083C404E91901FA8B46F48B56F2A3E8 
:1015AOOOE68B8916E48BFBA02487B4008BD883FBE1 

5 :1015B000057731D1E32EFFA7B816C746E80000C76C 
:1015C00046E66C4AC746E40000C746E2A849EB1469 
:1015DOOOC746E80000C746E69494C746E40000C743 
:1015E00046E2A4938B46E48B56E28946F08956EE98 
:1015FOOOEB4B568D46F2506A01FF76FOFF76EE6AAD 

10 :10160000000EE8F2F683C40COBC07503E9DFFD3D64 
:1016100002007402EB1F8B46F48B56F23B46F075CA 
:10162000053B56EE7429FA8B46F48B56F2A3E68BF3 
:101630008916E48BFB8346EE018356F0008B46F05F 
:101640008B56EE3B46E87CAA75053B56E672A38BAB 

15 :101650004EE88B5EE62B5EF21B4EF483C30A83D109 
:101660000033D2B805009AB8004CF88A56F6B60096 
:10167000BB0500508BC299F7FB5A2BD04A526A0126 
:101680000EE83CF383C40456E876F7598946EC8D9E 
:1016900046C6506A429A006BOOE083C404837EEC25 

20 :1016A000017505B80900EBOC837EEC027503E94B6C 
:1016BOOOFDB80C005F5EC9C3BA15BA15D015D015B8 
:1016COOOE415E4157Al47A14AE14AE14D714D714B2 
:1016D000558BECFAC60679F01F9ADD1400E09AB03B 
:1016E0000100DOC6067EF000C6067DFOFF807E04B5 

25 :1016F000117403E9B100803E2487027407803E2400 
:~017000087037507800E28F040EB05802628FOBF80 

:10171000800E28F080C60625F002C60616F040C6E8 
:101720000615FOOOC60614FOOOC60657FOOOC606FF 
:1017300058FOOOC60659FOOOC60631FOOOC6063261 

30 :10174000F003C60631F001C60632FOOFC60620FODF 
:10175000CAC60621F08DC60670F028C6067EF08A3D 
:10176000C60612FOOOC60626F009C60677F002C6C5 
:101770000610F000066A000726C7063000BD1726CF 
:10178000C70632002BF207C606E98BOOC60679FOC1 

35 :101790000CC60622FOFFC6067DFOFFC60623FOFF4A 
:1017AOOOC6061AF001EB13803E2487027407803ECO 
:1017B0002487037505802628FOBFFB5DC350535175 
:1017C00052061E565755BD00118EDD8BEC83EC0280 
:1017DOOOE863EF8Al622F08A1E23FOF6C38D742F79 

40 :1017EOOOF6C38C7407800EE98B04EB50800EE98BF6 
:1017F000048A1E30F00ADB7516800EE98B02C606DD 
:1018000079F01F9AB00100DOC6067DFOFFEB5BF6Cl 
:10181000C2407415800EE988048A1E30FOF6C30DA9 
:1018200074DC800EE98B01EBD5F6C20874328A1E97 

45 :101830007DFOF6C3827411800EE98B05C60679F03F 
:101840001F9ADD1400EOEBBBF6C3087413A07AF016 
:101850008846FFF646FF4074E8800EE98B08EBE10E 
:10186000F~~2027405C60622F002C70622FF0080F7 

:10187000C95F5ElF075A595B58~F558BECFA9ADD~A 

50 :101880001~00EO~~O~lAF0009AROOlOOD0817~0~~E 
: 1 (J l ~~ 'j(J(J(J 1 l 7 ', r, l~8 fJ(JE~ ~ f(J (J(J~~(J 'H·~/ ~ ~n (J / 7 ~ r(/ ~~ rJr, c, 

-8 JAN 2003 



376 
:1018A0003E2487037505800E28FOCOC60620F0018F 
:1018BOOOC60621FOOOC60670F028066A000726C793 
:1018C000063000111926C70632002BF207C606EAB9 
:101800008BOOC60610F002C60622FOFFC60623FOF3 

5 :1018EOOOFFC6061AF001EB26066A000726C706386F 
:1018FOOOOOFD0926C7063A002BF207803E24870226 
:101900007407803E2487037505802628F03FFB5D21 
:10191000C350535152061E565755BD00118EDDE877 
:1019200014EE8Al622FOF6C2017449F6C2807407DA 

10 :10193000800EEA8B01EB33800EEA8B02A016FOA238 
:10194000EC8BA015FOA2EB88813EEB8B0696760814 
:10195000C706ED8BFFFFEB06C706ED8BOOOOA0145A 
:10196000FOA2EF8BAOE38BA2F08B9AB00100DOC65F 
:101970000622F001C70622FF00805D5FSE1F075A46 

15 :10198000595B58CF50535152061E565755BD001142 
:101990008EDDAOE38B04FFA2E38BOAC0751BC60695 
:1019AOOOE38B05C606E88B01F60603F104740A838F 
:1019B00006E48B018316E68BOOE81000C70622FFC1 
:1019C0000080505F5E1F075A595B58CF803EE08BF9 

20 :1019D000007412833EE18B007507C606E08BOOEBB6 
:1019E00004FFOEE18BC3FAC606E88BOOFB803EE8DD 
:1019F0008B0074F9C3C8040000568B7606F70662A4 
:101A00008640007503E9AD00A02487B400300400C2 
:101A100074073005007413EB22C746FCCED5C746BC 

25 :101A2000FEOOEOC6064EF000EB21C746FCFFD5C71E 
!101A300046FEOOEOC6064EF002EB10C60403C644A4 
:101A40000131C644020033COE9A9016AOOA024871D 
:101A5000B400BA005FOBD0529A690206EF83C40447 
:101A60008BD083FA01740C56529A640306EF83C438 

30 :101A700004EBD3C45EFC268B07A36486813E648698 
:101A8000000475046A33EB026A229A2Dl000E059B3 
:101A9000A02487B40050E885EF59C45EFC268B472C 
:101AA00007A36A86268B4702A36686268A4704A276 
:101AB0007086E9ADOOA02487B4008BD883FB037641 

35 :101AC00003E977FFD1E32EFFA7F71BC746FCOAD532 
:101ADOOOC746FEOOEOC6064EFOOOEB2CC746FC3BB6 
:101AEOOOD5C746FEOOEOEB16C746FC6CD5C746FEEO 
:101AFOOOOOEOEBE1C746FC9DD5C746FEOOEOC60608 
:101B00004EF002EB03E933FFA03F88B400A36686E2 

40 :101B1000A06686A27086A06686FEC8A213F0803EEC 
:101B20002487027407803E2487037508A138882Dl6 
:101B3000BAOOEB06A138882D5FOOA36A86A0408812 
:101B4000B4002507003D01007508C7066486000241 
:101B5000EB06C70664860004A02487B40050E8BDE5 

45 :101B6000EE59A16486A3688633C98BC16BC005C406 
:101B70005EFC03D8268B470B268B57098BD96BDB72 
:101B80000589877986899777868BC16BC0058B5EBF 
:101B9000FC03D8268A470D88D96BDB0588877886AB 
:101BA0004183F9047C~4C45EF~2(,88471FA12488BO 
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377 

:101BD00089162C88268B472BA37186268B472F26A8 
:101BE0008B572DA3758689167386268B471DA38B6D 
:101BF00086B801005EC9CBCB1ADC1AE81AF41AC801 
:101C0000100000565733FFC746F80000C746F600DD 

5 :101Cl00000C646F500C746F24000C746F0003083D4 
:101C2000266286EC9AOD0700E08BFOOBF67503E94F 
:101C30004E02C746FEOOOOE9CF01837EFE047232E9 
:101C40000BFF7503E9CB018B5EF66BDB058A877BA7 
:101C5000868400508B5EF66BDB05FFB77986FFB765 

10 :101C600077869AE89300E083C4068956FC8946FA91 
:101C7000EB338B5EFE6BDB058A877B868400508B73 
:101C80005EFE6BDB05FFB77986~FB777869AE89330 

:101C900000E083C4068956FC8946FAB0018A4EFEEC 
:101CA000D2E08846F4C7441201008846FC8B56FAFA 

15 :101CB00089441089540EC6441400C6441500C64415 
:101CC0001600C6441A03C6440800830E28FF406A63 
:101CD000006A03FF36FE80900EE8112783C4063D9C 
:101CE00001007508832628FFBFE92601C7062EDA02 
:101CF0000300893630DAC70636DA03009A8C03000F 

20 :101DOOOOE08BF0832628FFBF807C09017403E9F58E 
:101Dl000009A5D9200E083266286FC803E24870064 
:101D20007407803E2487017505E85801EB03E8A697 
:101D3000028AD00AD27403E9CC00803E8E880175F5 
:101D400019E85E098ADOOAC0740B80FA067403E9A8 

25 :101D5000B400E9BD00830E628601803E8E88027465 
:101D600007803E8E8801756C803E24870074078052 
:101D70003E2487017505E8E90BEB03E8D10E8AD014 
:101D80000AD2740B80FA067403EB7B90E98300831C 
:101D90007EFE047503EB7B90830E628602A196881B 

30 :101DA0003B46F8761A8946F88B46FE8946F6BF010F 
:101DB000008A46F48846F5837EFE037517EB53A12F 
:101DC00096883B46F8750D8A46F40846F547837EAB 
:101DDOOOFE03743E803E8E8800752BC45EF026C6DE 
:101DE00047040026C647050226C647070126C64700 

35 :101DF000090A26C6470C0226C6470D01BF04008308 
:101EOOOOOE628602EBOCFF46FE837EFE047703E93A 
:101E100028FE89362EDA9A7E0700EOF7068D8600C6 
:101E200020752783FF0474220BFF761E803E2487D3 
:101E3000007417803E24870174106A018A46F550A9 

40 :101E40009A1DCCOOD083C4048BF883FF027707C6A9 
:101E500006B88001EB05C606B8800083FF02721148 
:101E60009A1CEOOOD03D01007516830E628610EBCF 
:101E70000F83266286EC830E6286209A5D9200EOD4 
:101E80005F5EC9CB56BEF083C7040000C6440200A3 

45 :101E9000C7440674888C5C08C7440A1E009A4DD853 
:101EAOOOOOD03D01007406B80900E92801813E9088 
:10JEB000880AOA7406B80400E91A01803E8E880177 
:101EC000740A803E8E88027403E90201Al8C883B6B 
:101EDOOOOG28887707833E8~88007506B80500E9D8 
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378 

: 101F0000878 9162D87BA8 4 8 88BDA.8B4 7 02-88178 303 
:101F1000E2FF25FFOOA3338789163187A18C88A380 
:101F200035878BlE8C8833C988162F87A12D879AF6 
:101F3000B8004CF889163987A33787B201EB3B8A82 

5 :101F4000C284006BCOOE8BD8C7872F870000C7872D 
:101F50002D8700008AC2B4006BCOOE8BD8C7873380 
:101F6000870000C787318700008AC284006BCOOEAB 
:101F70008BD8C78735870000FEC280FA1075COF77E 
:101F800006628640007407C606178800EB05C60681 

10 :101F90001788018BlE1E8833C98B162F87Al2D87AA 
:101FA0009AB8004CF889162288A32088Al22888B31 
:101FB00016208883EA011DOOOOA36E8689166C86BO 
:101FCOOOC7069D860FOOC7069B86FFFFEB05880876 
:101FDOOOOOEB0233C05EC356BEF083C7040000C6E8 

15 :101FE000440200C7440674888C5C08C7440A1E007B 
:101FF0009A4DD800D03D01007406B80900E9A0064A 
:10200000813E90880AOA7406B80400E99206803E70 
:102010008E8801740D803E8E88027406B80800E92F 
:102020007E06A08E88A21688Al8C883D0100740BC4 

20 :102030003Dl0007503E9C200E91406803E248702C2 
:10204000752CC7061E880100C7062F871100C7061A 
:102050002D8749COC70633870000C70631871D0892 
:10206000C70639871100C706378749COEB2AC7065C 
:102070001E880100C7062F870900C7062D8771B883 

25 :10208000C70633870000C70631870908C7063987A6 
:102090000900C706378771B8C70635870100B20146 
:1020AOOOEB508AC2B4006BCOOE8BD8C7872F870055 
:1020BOOOOOC7872D8700008AC2B4006BCOOE8BD882 
:1020COOOC78733870000C787318700008AC2840002 

30 :1020D0006BCOOE8BD8C787358700008AC2B4006BEF 
:1020EOOOCOOE8BD8C78739870000C78737870000A5 
:1020FOOOFEC280FA1075ABE95A05803E248702744F 
:1021000003E9A302C7061E881000C7062F87000038 
:10211000C7062D8706C1C70639870000C70637875F 

35 :1021200006C1C70633870000C70631875DOOC706B2 
:1021300035870100C7063D870000C7063B877FCD76 
:10214000C70647870000C70645877FCDC70641877A 
:102150000000C7063F875DOOC70643870100C7062A 
:102160004B870000C70649879BD9C70655870000E3 

40 :10217000C70653879BD9C7064F870000C7064D8700 
:102180005DOOC70651870100C70659870000C706D2 
:102190005787B7E5C70663870000C7066187B7E5BD 
:1021AOOOC7065D870000C7065B875DOOC7065F87BF 
:1021B0000100C70667870000C7066587B4FlC70638 

45 :1021C00071870000C7066F8784FlC7066B870000FO 
:1021DOOOC70669877COOC7066D870100C70675873B 
:1021EOOOOOOOC7067387DOFDC7067F870000C706BB 
:1021F0007D87DOFDC70679870000C70677877COOFA 
:10220000C70678870100C70683870100C706818751 
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:10223000C70691870100C7068F870816C7069B87C8 
· :102240000100C70699870816C70695870000C706CC 

:1022500093877COOC70697870100C7069F87010008 
:10226000C7069D872422C706A987Q100C706A7873E 

5 :102270002422C706A3870000C706A1877COOC706E3 
:10228000A5870100C706AD870100C706AB87402EB2 
:10229000C70687870100C7068587402EC706B18786 
:1022AOOOOOOOC706AF877COOC70683870100C706DA 
:1022BOOOBB870100C706B9873D3AC706C58701003D 

10 :1022COOOC706C3873D3AC706BF870000C706BD875C 
:1022D0009BOOC706Cl870100C706C9870100C70662 
:1022EOOOC7875946C706D3870100C706D187594615 
:1022FOOOC706CD870000C706CB879BOOC706CF87EO 
:102300000100C706D7870100C706D5877552C706E3 

15 :10231000E1870100C706DF877552C706DB8700002B 
:10232000C706D9879BOOC706DD870100C706E5877A 
:102330000100C706E387915EC706EF870100C70665 
:10234000ED87915EC706E9870000C706E7879B0017 
:10235000C706EB870100C706F3870100C706F187BO 

20 :10236000AD6AC706FD870100C706FB87AD6AC706Dl 
:10237000F7870000C706F5879BOOC706F9870100AD 
:10238000C70601880100C706FF874D76C7060B8880 
:102390000100C70609884D76C7D605880000C706F4 
:1023A0000388BAOOE9A002C7061E881000C7062FDE 

25 :1023B000870000C7062D87B869C70639870000C7AO 
:1023C000063787B869C70633870000C706318755C7 
:1023DOOOOOC70635870100C7063D870000C7063BDA 
:1023E000878F70C70647870000C70645878F70C76D 
:1023F0000641870000C7063F875500C7064387018F 

30 :1024000000C7064B870000C70649872277C7065505 
:10241000870000C70653872277C7064F870000C78B 
:10242000064D876600C70651870100C70659870019 
:1024300000C7065787C67DC70663870000C70661C9 
:1024400087C67DC7065D870000C7065B876600C735 

35 :10245000065F870100C70667870000C70665876AB1 
:1024600084C70671870000C7066F876A84C7066B3A 
:10247000870000C70669876600C7066D870100C729 
:102480000675870000C7067387FD8AC7067F870029 
:1024900000C7067D87FD8AC70679870000C70677D3 

40 :1024A000877700C7067B870100C70683870000C7CO 
:1024B000068187Al91C7068D870000C7068B87Al7B 
:1024C00091C70687870000C70685877700C70689FA 
:1024D000870100C70691870000C7068F874598C708 
:1024E000069B870000C70699874598C70695870011 

45 :1024FOOOOOC70693877700C70697870100C7069F26 
:10250000870000C7069D87D89EC706A9870000C719 
:1025100006A787D89EC706A3870000C706Al87889D 
:1025200000C706A5870100C706AD870000C706AB38 
:10253000877CA5C70~B7870000C70685877CA5~7F7 
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:10256000870000C706C38720ACC706BF870000C727 
:1025700006BD878800C706C1870100C706C9870056 
:1025800000C706C787B3B2C706D3870000C706D106 
:1025900087B3B2C706CD870000C706CB879900C7AF 

5 :1025A00006CF870100C706D7870000C706D5815723 
:1025BOOOB9C706El870000C706DF8757B9C706DB42 
:1025C000870000C706D9879900C706DD870100C7C5 
:1025D00006E5870000C706E387FBBFC706EF870055 
:1025EOOOOOC706ED87FBBFC706E9870000C706E7FF 

10 :1025F000879900C706EB870100C706F3870000C76D 
:1026000006F1878EC6C706FD870000C706FB878ECA 
:10261000C6C706F7870000C706F587AAOOC706F9FO 
:10262000870100C70601880000C706FF87EECCC7F8 
:10263000060B880000C7060988EECCC7060588008F 

15 :1026400000C7060388BBOOC70607880100EB05B872 
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50 :10E3C0005EF8268A4701B400ClE008268B5701ClD8 
:10E3D000EA08B60003C299268AlFB70033C903C8EA 
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:10E3E00013DA89SEF2894EF08BSEF8268A4703883D 
:10E3F00046EA8B46F28B56F03B46F67C2875053B89 
:10E4000056F472218B46F28B56F03B46F67403E9C4 
:10E41000AB003B56F47403E9A3008A46EA3A46EBA4 

5 :10E420007603E998008B46F28B56F08946EE8956C2 
:lOE43000EC8A46EA8846E9AlA7800B06A9807449CO 
:10E440008B46F68B56F48946F28956F08A46EB885D 
:10E4500046EAFEC08846EAB4003B066686750C8331 
:10E4600046F0018356F200C646EA008B46F28BS610 

10 :10E47000F08946F68956F48A46EA8846EB832EA749 
:10E480008001831EA98000EB04FFOE27878306FS19 
:lOE4900086048A46E8FEC08846E83C017403E90AlF 
:10E4AOOOFF8B46ECC1E80824FFA2AC868A46EC2428 
:10E4BOOOFFA2AD868A46E9A2AB86E9EEFEA12787D8 

15 :10E4COOOA32587A3B086B80100C9C3C8040000E82B 
:10E4DOOOB4008956FE8946FC803E1688017403E923 
:lOE4E0009COOC6064E08028BlEB480DlE3B80040E3 
:10E4F0008EC0268B870010A34F08C6065108008DDA 
:10E5000046FCA35208C606540802C7065508004038 

20 :10E510008BlEB480DlE3B800408EC0268B870000EC 
:10E520008B160F8883C2042BC2050020A3570890C6 
:10E530000EE895DE833E5908007507803E5B0800B3 
:10E540007429803ESB08007409FF06590883065C45 
:10E550000804A159080146FC8356FE00A15C08A3EB 

25 :10E560005708A1590829064F08EBC4A15C082DOOE3 
:10E57000208Bl60F8803D083C2048916F5868B562C 
:10E58000FE8B46FCC9C3C81200005657C706B480AC 
:10E590000000833ElE880175118B160A87A108872B 
:10ESA00003068B8683D200E9FD0033FFA18B86C76B 

30 :10ESB00046FE00008946FCA10A878B16088789461B 
:10ESCOOOF48956F28BDF6BDBOE8B8739878B97379D 
:10ESD000878946F08956EE8B46F48B56F23B46F01F 
:10E5E000724F75053B56EE72488B46F08B56EE29FE 
:10ESF00056F21946F48BDF6BDBOE8B8735870106ED 

35 :10E60000B4808B46F00156FC1146FE8BDF6BDBOEAF 
:10E610008B9F358733C98BF76BF60E8B9433078BC3 
:10E620008431879AB8004CF80146FC1156FE47EB3E 
:10E63000938BDF6BDBOEFFB72F87FFB72D87FF763E 
:10E64000F4FF76F29Al4004CF88946F68BDF6BDB08 

40 :10E650000EFFB72F87FFB72D87FF76F4FF76F29A6C 
:10E6600024004CF88956FA8946F88B46F60106B420 
:10E67000808B5EF633C98BF76BF60E8B9433878BEA 
:10E680008431878BF76BF60E03842D8713942F87C5 
:10E690009AB8004CF80146FC1156FE8B56FE8B468C 

45 :10E6AOOOFC0346F81356FA5F5EC9C333C98BD96BB6 
:10E6BOOODB058B87A9308B97A7303B061D877FOB27 
:10E6C0007C063Bl61B87730341EBE28BD96BDB05A2 
:10E6D0008B87A9308B97A7303B061D877F30750647 
:10E6E0003Bl61B8777288BD96BDB058B87A9308B73 

50 :10E6F00097A7303B061D8775B43B161B8775AE8BFD 
:10E70000D96BDB058A87AB303A061F87729F890E6B 
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:10E71000B480C3C80A000056578B36B4808B3E1EA7 
:10E72000888BDE6BDB05B840008EC0268B8702002D 
:10E73000268B9700008946FE8956FC8BDE6BDB0535 
:10E74000B840008EC0268A8704008846F7803E16AF 

5 :10E7500088027403E90401B840008EC026F68400E4 
:10E7600028007543463B361E88720233F64F8BC72E 
:10E770000BC0750533COE9FD018BDE6BDB05B840CE 
:10E78000008EC0268B870200268B9700008946FEEC 
:10E790008956FC8BDE6BDB05B840008EC0268A876D 

10 :10E7A00004008846F7EBB08A46F78846F68B46FEAB 
:10E7B0008B56FC8946FA8956F88A46F7FEC0884689 
:10E7COOOF73A067086750C8346FC018356FEOOC638 
:10E7000046F7008BDE6BOBOSB840008BS6FE8B4E98 
:10E7EOOOFC8EC0268997020026898F00008BDE6B85 

15 :10E7FOO-ODBOSB840008A56F78EC026889704008B48 
:10E80000DE6BDB058B87A9308B97A730~B46FE7COO 

:10E810002C75053B56FC72258BOE6BDB058B87A9BF 
:10E82000308B97A7303B46FE751E3BS6FC75198B07 
:10E83000DE6BDB058A87AB303A46F7730BB8400006 

20 :10E840008EC026808C0028028B46FA8B56F8A31DBA 
:10E850008789161B878A46F6E915018B46FE8B567B 
:10E86000FCA3A9808916A7808A46F7A2AB80C606BA 
:10E870004E0800A10D88A34F08C606510800C70620 
:10E880005208A780C606540802A10F88050400A3F9 

25 :10E890005708C70655084000900EE82CDBA1A98058 
:10E8A0008Bl6A7808946FE8956FCAOAB808846F768 
:10E8BOOOFEC08846F73A067086750CC646F7008398 
:10E8C00046FC018356FE008BDE6BDB058B87A9308F 
:10E8D0008B97A7303B46FE7C2C75053B56FC72257A 

30 :10E8E0008BDE6BDB058B87A9308B97A7303B46FE11 
:10E8F00075203B56FC751B8BDE6BDB058A87AB30C6 
:10E900003A46F7730DB840008EC026808C0028026E 
:10E91000EB2C8BDE6BDBOSB840008B56FE884EFC80 
:10E920008EC0268997020026898F00008BDE6BDB64 

35 :10E9300005B840008A56F78EC02688970400833EAB 
:10E940005908007507803E5B08007413B840008EBC 
:10E95000C026F6840028027503E9FFFEE905FEA142 
:10E96000A9808B16A780A31D8789161B87AOAB8063 
:10E97000A21F87B801005F5EC9C3C808000056A186 

40 :10E9800018883B062488760533COE9E201E8F6FBE7 
:10E99000E880FD3D01007402EBEEE82EFBA1188734 
:10E9A0008B161687A3A9808916A780A01A87A2AB09 
:10E9B00080C6064E0800Alll88A34F08C60651085C 
:10E9COOOOOC7065208A780C606540803A11388058D 

45 :10E9DOOOOAOOA35708C70655084000900EE8E9D979 
:10E9EOOOA15C08C746FE40008946FC833E590800EA 
:10E9F0007507803E5B08007467803E178800752F9E 
:10EA0000AllD8724FFC45EFC26884704A01B872421 
:10EA1000FFB400ClE0088B161887ClEA0886~003EB 

50 :10EA2000C226894705A01F8726884707E93D01C4FC 
:10EA30005EFC26800F80C606AA8000268A4704A284 



500 
:10EA4000A980268A4705B400ClE008268B5705Cl76 
:10EA5000EA08B60003C2A3A780268A4707E94EFF4B 
:10EA60008BOE1C888B365C082BCEB208900EE8FB10 
:10EA7000D9C45EFCAOA980268807AOA780B400C1E5 

5 :10EA8000E0088B16A780C1EA08B60003C2268947B2 
:10EA900001AOAB8026884703AllD8724FF26884755 
:lOEAA00004AOlB8724FFB400ClE0088Bl61B87Cl9C 
:10EABOOOEA08B60003C226894705A01F87268847B3 
:10EAC00007FF061188FF06188883061C8808A11313 

10 :10EAD00088C746FA40008946F8A02487B4008BD83E 
:10EAE00083FB037603E98400D1E32EFFA772EBC416 
:lOEAFOOOSEF8268A07B400ClE008268B17ClEA0831 
:10EBOOOOB60003C2050800ClF808B400268B17C17F 
:10EB1000EA08268AlFCOE30802DA80C~08B700ClEA 

15 :10EB2000E30803088B76F826891CEB40C45EF826FO 
:10EB30008A4706B400ClE008268B5706ClEA08B62A 
:10EB40000003C2050800ClF808B400268B5706ClAF 
:10EBSOOOEA08268ASF06COE30802DA80C308B70025 
:10EB6000ClE30803D88B76F826895C06B801005EFD 

20 :10EB7000C9CBEFEAEFEA2CEB2CEBC80800005657A4 
:10EB8000All388050A008946F8C746FE00008B4697 
:10EB9000FE3B06288873498BSEFE6BDBOSB84000AO 
:10EBA0008B76FE6BF6058B94A9588B8CA7588EC07C 
:10EBB000268997020026898F00008BSEFE6BDB059D 

25 :10EBCOOOB840008B76FE6BF6058A94AB588EC02653 
:10EBD00088970400FF46FE8B46FE3B06288872B7E6 
:10EBE0008B46F8C746FC40008946FA833E118800FO 
:10EBF0007506B80100E94801C45EFA268A4704B4E4 
:10EC00000033D2268A4F0580Cll09AD2004CF88971 
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30 :10EC1000161D87A31B87C45EFA268A4707A21F8793 
:10EC2000E888FAB840008EC026F6850028017404F2' 
:10EC300033COEBC1B840008EC026F68500280275AF 
:10EC4000B78BDF6BDB05B840008EC0268B870200D8 
:10EC5000268B9700003B061D877C4675063B161BDE 

35 :10EC600087723E8BDF6BDBOSB840008EC0268B873A 
:10EC70000200268B9700003B061D8/7403E978FF8E 
:10EC80003B161B877403E96FFF8BDF6BDBOSB84016 
:10EC9000008EC0268A8704003A061F877603E9574C 
:10ECAOOOFFFE061F87A01F873A067086750F830632 

40 :10ECB0001B870183161D8700C6061F87008BDF6B2D 
:10ECCOOODB058B87A9308B97A7303B061D877F30EC 
:10ECD00075063B161B8777288BDF6BDB058B87A9B7 
:10ECE000308B97A7303B061D8775473B161B8775F2 
:10ECF000418BDF6BDB058A87AB303A061F877232A8 

45 :10ED00008BDF6BDB05B840008Bl61D878BOE1B87D6 
:10ED10008EC0268997020026898F00008BDF6BDB6F 
:10ED200005B840008Al61F878EC02688970400E920 
:10ED3000C6FEB840008EC026808D002802E9B8FECD 
:10ED40005F5EC9C3C804000056578B3Ell888Bl6FE 

50 :10ED5000138883C20A8BF2E98COOC746FE40008903 
:10ED600056FCC45EFC26F607807403EB7490C45E08 
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:10ED7000FC268A4704A2A980268A4705B400C1E080 
:10ED800008268B5705ClEA08B60003C2A3A7802650 
:10ED90008A4707A2AB80C6064E0800A11188A34F80 
:10EDA00008C606510800C7065208A780C6065408CO 

5 :10EDB00003A11388050AOOA35708C7065508400099 
:10EDC000900EE804D6833E5908007415803E5B0817 
:10EDD00000740E8B165C08C45EFC26800F80E979F7 
: 10EDEOOOFF83C6088BD68BC74FOBC07.403E96AFF3D 
:10EDF0005F5EC9C3000000000000000000000000CA 

10 :10EE000057B90002BF39001E0733COF3ABC706393C 
:10EE1000040000C7063B0400p05FCBC80200005698 
:10EE2000578B7E048B5606A04504B4000BC0743784 
:10EE30009C8F46FEFAEB218B1E3B048A058887399E 
: 10EE4 000004 7 FF063B04 813E3B04·0004 7 20AC706EC 

15 :10EE50003B040000FF0639048BC24AOBC077D8F789 
:10EE600046FE00027401FB5FSEC9C3558BECFF7662 
:10EE700008FF7606E8A4FF83C4045DCB0000000011 
:10EE8000E80100CB9CFA5356803E4504007503E927 
:10EE9000B50080FEE07CF880FEEF77F3BE39008B92 

20 :10EEA0001E3B0488304381FB00047528BBOOOOFF33 
:10EEB000063904EB1F9CFA5356803E450400750347 
:10EECOOOE9840080FAE07CF880FAEF77F3BE39003D 
:10EED0008B1E3B0488104381FB00047528BB000097 
:10EEEOOOFF063904EB1F9CFA5356803E450400751B 

25 :10EEF00003EB549080FCE07CF880FCEF77F3BE39A4 
:10EF0000008B1E3B0488204381FB00047525BB0059 
:10EF100000FF063904EB1C9CFA5356803E45040062 
:10EF20007502EB233CE07C1F3CEF771BBE39008B66 
:10EF30001E3B0488004381FB00047507BBOOOOFFF3 

30 :10EF4000063904891E3B045E5B9DC300000000007F 
:040000033FFFOOOOBB 
:OOOOOOOlFF 
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APPENDIX B 

:/****************************************************************************/ 
I* Program Nam~ 
I* . Description 
I* Part Number 

Drive.c 
4x 5.25~ DSP Servo controller main kernal 
562096 
8/12/93 

*/ 

*I 
*I 
*I 5 /* Date 

I* 0/S 

I* Ccxnpi ler 
N/A */ 

TI TMS320C2x/C5x Compiler.#TMDS3242855-02.Rel. 6.0 */ 

I* Support Pac~ages 
I* Aulhor 

N/A */ 

Dave Sche 11 */ 

10 /* Required Files 
I* 
I* H.1rdware Required 
I* lnsL'al l. Instr. 
I* OrK•rating Instr. 

15 /* 

I* Rc•v Hi stcry 

Drive.c.Interupt.asm.C50_init.asm.Seek.c.Drive.h 
Recal.c 
Part # XXXXXX 
Link in with Drive code 
N/A 

I* 1>.1te Rev C# In1t Change Description 
I* 4/l~/94 XA 00 DLS Initial Release 

*/ 

*I 
*/ 

*/ 

*I 
*I 
*/ 

*I 
*I 

/****~A~A********************************************************************/ 

20 

#include• "drive 'i" 

main() 
{ 

25 /* Debuq start */ 

int i: 

for· (i ~O: i <50: , ++) Debug_ h.am[ l ] = O. 

I* Oebuq stop */ 

30 in1t_ regs(). 
wh 1 l<•<l) 

lf ((Cmd Bits & CmdPendin;1 '= 0) /* Ccmnand Ready? *I 

35 I x0.cuteCm1 ( ) . 

I f (( Cmd B 1 t c:, (. Tac It B 1 t .' OJ /* If a Rotation happened*/ 



5 

10 

15 

20 
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{ 

if (TachUplimit !c 0) 
{ 

} 

if CTach_Time > TachUplimit) 
{ 

asm(" SETC INTM"); /*Disable intr while changing image*/ 

Ctrl_Image IC OSP_Intr: /*Set OSP Int. Interupt the 188 */ 
Ctrl_Port c Ctrl_Image; /* Write to the port */ 

Stat_Buffer[OJ IC SpindleError: /* Set the Spindle Error Bit */ 
asm(" CLRC INTM"); /*Re enable interrupts */ 

if (Tachlowlimit !c 0) 

{ 

if (Tach_Time < Tachlowlimit) 
{ 

asm(" SETC INTM"): 

Ctrl_Image I= OSP_Intr: 
I* Disable 1ntr while changing image */ 

I* Set DSP Int. Interupt the 188 */ 
Ctrl_Port = Ctrl_Image; /* Write to the port */ 

Stat_Buffer[OJ I= SpindleError: /* Set the Spindle Error Bit */ 
asm(" CLRC INTM"): /* Re enable interrupts */ 

if ((Stat_Buffer[OJ & Fineloop) != 0) I* If Fine Loop is closed */ 

25 { 

30 

35 

if ((Stat_Buffer[OJ & Jumpback_Out) != 0) I* do jumpback? */ 
{ 

Do_Jumpback(Seek_Out): 
} 

if ((Stat_Buffer[OJ & Jumpback_ln) != 0) /*do jumpback? */ 

{ 

Oo_Jumpback(Seek_In): 
} 

1 f ( (Ctrl Image & LaserEnable) == LaserEnable) /* Regulate laser power */ 
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if ((Cmd_Bits & SenseSample) !~ 0) /*Fwd Sense Sample Available */ 
{ 

Regulatelaser(LS): 
) 

5 ) 

) 

) 

/***********************************************************************/ 
10 /* ExecuteCmd decodes and executes interupt recieved comnands. when */ 

I* the comnand is completed. this routine returns and enables comnand */ 
I* interupts. *I 
/***********************************************************************/ 
void ExecuteCmd <void) 

15 { 

20 

int temp: 

I* Assume the convnand is understood and has a good check sum */ 
Stat_Buffer[OJ I= CmdComplete: /* Set Co1TV11and Complete */ 
Stat_Buffer[OJ &= -BadChkSum: I* Clear the Bad Check Sum bit */ 
Stat_Buffer[OJ &= -UnknownCmd: /* Clear the Unknown C01T111and bit */ 

if (Checksum()== OxOOff) /*Test l's Complement Check Sum on Conmands */ 
{ 

25 temp = (CMD_Buffer[O] >> 8) & OxOOff: 
switch (temp) 
{ 

case O : SendStatus(): I* Comnand O = Status only */ 
break: 

30 case 1 InitDrive(): /* Colmland 1 = Initialize drive*/ 
break: 

case 2 LaserOn(). I* Command 2 = Initialize the laser*/ 
break. 

case 3 CaptureFocus(). I* Co!lllland 3 = Capture Focus */ 
35 break: 

case 4 CaptureFrne(). I* Corrwnand 4 = Capture Fine Tracking */ 
break. 
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case 5: CaptureCoarse(): I* Com:nand 5 ~ Close the Coarse loop */ 
break: 

case 6: ClosePinning(): I* Comnand 6 c Close the Pinning loop */ 
break: 

case 7: EnJumpbackln(): I* Comnand 7 c Enable Jumpback In */ 
break: 

case 8: EnJumpbackOut ( ) : I* CO!li11and 8 c Enable Jumpback Out */ 
break: 

case 9: Di sJumpback(): I* Comnand 9 = Disable Jumpbacks */ 
break: 

case OxOA: MultiTrackSeek(CMD_Buffer[l].Seek_ln): 
break: /* Conrnand Ac Do a Seek tO'dard spindle */ 

case OxOB: MultiTrackSeekCCMD_Buffer[l].Seek_Out): 
break: 

case OxOC: Openloops(): 
break: 

I* Com:nand B c Do Seek away from spindle */ 
I* Com:nand C = Open various loops */ 

·case OxOD: ClearDSPintr(): /* Com:nand D =Clear DSP to 188 Interrupt*/ 
break: 

case OxOE: VelTabStart (): /*Command E =Read start of Vel Table*/ 
break; 

case OxOF: ReadT1meT1ck(): /*Command F =Read 32 bit 20us Clock*/ 
break: 

case OxlO: SetTachlimit(); /*Command lOh =Set Tach Pulse limits*/ 
break; 

case Ox80: ReadCodeRev(): /*Command 80h =Read DSP Code Rev*/ 
break; 

case Ox81: ReadMemory(): /* C0111Tiand 81h =Read DSP Ram Memory*/ 
break: 

case Ox82: WriteMemory(): /* Comnand 82h =Write OSP Ram Memory*/ 
break; 

default: BadComnand(): I* A bad comnand was sent*/ 
break. 

35 else BadCheckSum() 
asm(" SETC I NTM" ) . I* disable 1nterupts */ 

Cmd_Bits &= -CmdPend1ng. /* Clear the Corrmand Pending 81t */ 
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Cmd_Buff_Point E &Stat_Buffer[O]: I* Point to start of the status */ 
Cmd Bits I= Ox0004; I* Set for the MSByte of the status */ 
asm(" CLRC INTM"); /* enable interupts */ 
asm(" lamm IMR"): I* Get the Interupt Mask Register */ 

5 asm(" or #0100!1"); /* Set enable interupt 4 bit. bit 9 */ 
asm(" samm IMR"): /* Enable interupt 4 */ 

asm(" intr 9"); /* do an interupt 4 */ 

} 

10 void SendStatus (void) 
{ 

I* COllllland O ~ Status only */ 

I* Do Nothing. Set up else where. just return */ 

} 

void InitDrive (void) 
{ 

/* COllllland 1 ~ Init laser and servos */ 

15 if ((Cmd_Buff_Point - &CMD_Buffer[O]) != 2) 

20 

25 

30 

35 

{ 

else 

BadCommand C > : 

LaserOn(); 
ClosePinning(): 
Retract(): 
CaptureFocus(): 

I* Turn the laser on */ 
/* Close the pinning loop. enable Fine PA */ 

I* Move the carriage to inner crash stop */ 
I* Capture Focus *I 

CaptureCoarse(): /*Capture Coarse Tracking*/ 
Stat_Buffer[O] &= -Pinningloop: /* open the Pinning loop */ 
MultiTrackSeek(3000.Seek_Out); /*Seek out to the disk*/ 
Delay(100); 
MultiTrackSeek(200,Seek_Out); /*Seek out to the disk*/ 
FocusOffset(): 
TrackOf fset(): 

I* Find Optimum Focus for RPP */ 
I* Find RPP Center value */ 

void LaserOn (void) /* Cormiand 2 = laser on and calibrate*/ 

int Timeout. 
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if ((Cmd_Buff_Point - &CMD_Buffer[OJ) != 2) 
{ 

BadComnandC): 

} 

-8 JAN 2003 

5 else 
{ 

Stat_Buffer[OJ &= LoopsOpen: /*Clear Laser. Fine.Crs.Focus.Pin */ 
Read_Sense c CMO_Buffer[l]: /*Save desired read sense value*/ 
Write_Sense c CMD_Buffer[2J: /*Save desired write sense value*/ 

10 ReadMSimage c 0: /*Zero all the initial values*/ 
ReadMS_DAC c ReadMSimage; 

15 

20 

ReadLSimage c Ox4000: /* Center range, 15 bits. initial value */ 
ReadLS_OAC c (ReadLSlmage << 1): /*write out the value*/ 

WriteDaclmage c O: 
Write_OAC = WriteDaclmage: 
asm(" SETC INTM"): I* Disable intr while changing image */ 
Ctrl_Image &= Ox0003: I* Open loops. Laser off. leave OSP Int */ 
Ctrl_Port = Ctrl_Image; /* Write to the port */ 

asm(" CLRC INTM"); I* Re enab 1 e interrupts *I 

Delay(lOO): /*Delay 100 * 20 us (2000 us). let laser turn off *I 

FwdSen_Zero = lnt_FwdSen: /*Save the laser· off value*/ 
QSum_Zero = Int_QSum: /* Save the laser off value */ 

Fine_Zero = Int_Fine: /* Save the laser off value */ 
Focus_Zero = Int_Focus: /* Save the laser off value */ 

25 Crs_Zero = Int_Crs: /*Save the laser off value */ 
Stat_Buffer[O] &= -LaserError: /* Clr Laser Read Power Error */ 

Stat_Buffer[O] I= LaserEnabled: /* Laser Read Power is Not okay */ 

asm(" SETC INTM"): /*Disable intr while changing image*/ 
Ctrl_Image I= LaserEnable: /* Set the laser read on bit */ 

30 Ctrl_Port = Ctrl_Image: /* Turn on the laser */ 

35 

asm(" CLRC INTM"): /*Re enable interrupts */ 

Timeout = O: 
while(TimeOut < 2000) /* Regulate the laser for 40ms */ 

if ((Cmd_B1ts & SenseSample) '= 0) /*Fwd Sense Sample Available*/ 

RegulateLaserCMS). 
Timeout++: 
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/************************************************************************/ 
5 /* Capture Focus */ 

/************************************************************************/ 
void CaptureFocus(void) I* Comnand 3 c Capture Focus and Close Loop */ 
{ 

int MaxQuadSum: 
10 int Counter; 

int TimeOut; 

15 

20 

Stat_Buffer[O] &= -Focusloop; /* open the focus loop */ 
MaxQuadSum c QSum_Zero: /* Initialize the Quad Sum Value */ 
FocMS_lmage c O; 
Foc_MS_DAC = ZeroOffset; 

/* Set to zero value. signed integer */ 
I* Write zero value to the DAC */ 

FocLS_Image = FocusStart: /* Set Focus Current DAC to sweep start */ 
Foc_LS_DAC = FocLS_Image + ZeroOffset; /* Write DAC with zero offset *I 

asm(" SETC INTM"); I* Disable intr while changing image */ 
Ctrl_Image I= FocusEnable; I* Set the Focus PA Enable bit on */ 
Ctrl_Port = Ctrl_Image; /* Write out the port value */ 
asm(" CLRC INTM"); /*Re enable interrupts*/ 
Delay(150); I* Delay 3 ms (20 * 150us) */ 

I* Find the Max Quad Sum Point */ 

25 while (FocLS_Image > FocusStop) 
{ 

30 

Delay(5); I* Wait 100 us. */ 
if (lnt_QSum > MaxQuadSum) /*Get the max quad sum*/ 
{ 

MaxQuadSum = Int_QSum; 

Foc_LS_DAC = FocLS_Image + ZeroOffset. /* Wr1te DAC w1th zero offset */ 

FocLS_Image -= 256. 

35 /* Get the Quad Sum Threshold Level. 1/2 of Max Quad Sum */ 

MaxQuadSum = ((MaxQuadSum - OSum_Zero) >> 1) + QSum_Zero: 
I* F1nd the Focus Po1nt and close the loop */ 
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while ((FocLS_Image < FocusStart) & 

-8 JAN 2003 

((Stat_Buffer[O] & Focusloop) != Focusloop)) 
{ 

for(Counter c 0: Counter < 32 : ++Counter) I* wait n times */ 

5 { 

10 

15 

20 

25 

30 

35 

Delay(!): 

I* when quad sum okay and Focus negative */ 

if ((lnt_QSum > MaxQuadSum) & ((lnt_Focus - Focus_Zero) > 0)) 
{ 

Stat_Buffer[O] I= Focusloop: /* close the focus loop */ 

} 

} 

Foc_LS_DAC c FocLS_Image + ZeroOffset: /* Write DAC with zero offset */ 

FocLS_Image += 256: 

if ((Stat_Buffer[O] & Focusloop) == Focusloop) /* If focus is closed */ 

{ 

Timeout = O: 
while(TimeOut < 500) 
{ 

/* Regulate the laser for lOms */ 

1f ((Cmd_Bits & SenseSample) != 0) /* Fwd Sense Sample Available */ 
{ 

Regulatelaser(MS): 
if (ReadLSimage < Ox4000) /*Center range, 15 bits. initial value*/ 
{ 

ReadLSimage = ReadLSimage + 128: /* Increment lsb of OAC */ 
ReadLS_DAC = (ReadLSimage << 1): /*write out the value*/ 

else 
{ 

ReadLSlmage = ReadLSlmage - 128: /* Decrement lsb of OAC */ 
ReadLS DAC = (ReadLSlmage << 1). /*write out the value*/ 

Timeout++. 
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} 

/************************************************************************/ 

I* Capture Fine Tracking *I 
/************************************************************************/ 

5 void CaptureFine(void) I* Comnand 4 c Close the tracking Loop */ 

{ 

int Counter: 

while ((Counter < 2000) & ((Stat_Buffer[OJ & Fineloop) != Fineloop)) 

10 { 

Oelay(l): 

Counter++: 
/* when Fine Error is close to zero */ 

if (abs(lnt_Fine - Fine_Zero) < OxlOOO) 

15 { 
Stat_Buffer[OJ I= Fineloop; I* close the fine loop around zero */ 

if (Counter< 2000) 
20 { 

asm(" SETC INTM"); 

Ctrl_Image I= FineEnable; 

I* Disable intr while changing image*/ 
I* Set the Fine PA Enable bit on */ 

Ctrl_Port = Ctrl_Image; /* Write out the port value */ 
asm(" CLRC INTM"); /*Re enable interrupts*/ 

25 Stat_Buffer[OJ I= Fineloop; /* close the fine loop */ 

/************************************************************************/ 
I* Capture Coarse Tracking *I 

30 /************************************************************************/ 
void CaptureCoarse(void) I* COllllland 5 = Capture Coarse Tracking */ 

Del ay(50). I* Let the fine loop settle 1 ms *I 
asm(" SETC INTM"): /*Disable intr while changing image*/ 

35 Ctrl_Image I= CrsEnable. /* Set the Coarse PA Enable bit on */ 
Ctrl_Port = Ctrl_Image. /*Write out the port value */ 
asm(" CLRC INTM·). /*Re enable interrupts*/ 
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Stat_Buffer(O] IC Coarseloop: /* close the Coarse loop */ 
} 

/************************************************************************/ 
I* Close the Pinning loop */ 

5 /************************************************************************/ 
void ClosePinning(void) 
{ 

/* Command 6 c Close the Pinning loop */ 

asm(" SETC INTM"): /*Disable intr while changing image*/ 
Ctrl_Image IC FineEnable; /* Set the Fine PA Enable bit on *I 

10 Ctrl_Port c Ctrl_Image; /* Write out the port value */ 
asm(" ClRC INTM"): /*Re enable interrupts */ 
Stat_Buffer(O] IC Pinningloop: /* close the Pinning loop */ 

} 

void EnJumpbackln(void) /* Command 7 c Enable Jumpback In */ 
15 { 

20 

25 

Stat_Buffer[OJ I= Jumpback_ln: /* Enable Jumpback Toward the Spindle */ 

void EnJumpbackOut (void) /* Command 8 = Enable Jumpback Out */ 
{ 

Stat_Buffer[OJ I= Jumpback_Out: I* Enable Jumpback Away from Spindle */ 

void DisJumpback(void) 
{ 

I* Comnand 9 = Disable Jumpbacks */ 

Stat_Buffer[OJ &= -Jumpback_In: /*.D1sable Jumpback Toward Spindle*/ 
Stat_Buffer[OJ &= -Jumpback_Out: /* Disable Jumpback Away from Spindle */ 

I* Execute the Open loops command from the 188 */ 
/********************~***************************************************/ 

I* Execute the Open loops command from the 188 *I 
30 /************************************************************************/ 

35 

void Openloops(vo1d) 

asm(" SETC INTM"). 
ifCCMO_Buffer[l] & Ox0100) 

I* Command C = Open loops */ 

/* 01sable intr wh1le chang1ng lmage */ 
I* If true disable the laser */ 

Ctrl_Image &= -LaserEnable. /* Clr Laser B1ts of control port image */ 
Stat_Buffer[OJ &= -laserError. /* Clr Laser Power Error Bit*/ 
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Stat_Buffer[OJ &= -LaserEnabled: /* Laser Read Power is Not okay */ 

if(CMO_Buffer(l] & Ox0200) 
{ 

I* If true disable the focus loop */ 

5 Ctrl_Image &= -FocusEnable: /* Clr Focus Bit of control port image */ 

Stat_Buffer[O] &= -FocusError: /* Clr Focus Loop Error bit */ 

Stat_Buffer[OJ &= -FocusLoqp: /* Open the Focus Loop */ 

10 

15 

20 

25 

30 

} 

if(CMD_Buffer[l] & Ox0400) 
{ 

I* If true disable the Coarse loop */ 

Ctrl Image &c -CrsEnable: /* Clr Coarse Bit of control port image */ - . 
Stat_Buffer[O] &= -CoarseLoop: /* Open the Coarse Loop */ 
} 

if(CMD_Buffer[l] & Ox0800) 
{ 

I* If true.disable the Fine loop*/ 

Ctrl_Image &= -FineEnable; /* Clr Fine Bit of control port image */ 

Stat_Buffer[O] &= -TrackingError: /* Clr Tracking Loop Error Bit */ 

Stat_Buffer[OJ &= -FineLoop; /* Open the Fine Loop */ 
} 

if(CMD_Buffer[l] & OxlOOO) 
{ 

/* If true d1sable the P1nning loop */ 

Ctrl_Image &= -FineEnable; /* Clr Fine Bit of control port image*/ 
Stat_Buffer[OJ &= -Pinningloop: /* Open the Fine Loop */ 
} 

if(CMD_Buffer[l] & Ox2000) 
{ 

/* If true clear the spindle error bit */ 

Stat_Buffer[OJ &= -SpindleError: /* Clear the spindle error bit */ 
} 

Ctrl_Port = Ctrl_Image; 
asm(" CLRC INTM"); 

I* Clear the actual bits */ 
I* Re enable interrupts */ 

/* Execute the Clear DSP Interrupt command from the 188 */ 
void ClearDSPintr(void) /* Command D = Clear DSP to 188 Interrupt */ 

35 asm(" SETC INTM"). /* D1sable interrupts while chang1ng lmage */ 
Ctrl_Image &= -DSP_Intr. /*Clear the LSB1t of the control port lmage */ 
Ctrl_Port = Ctrl_Image. /* Clear the actual bit */ 
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asm(" CLRC INTM"); /*Re enable interrupts */ 

} 
I* Execute the Velocity Table Start Address *I 

void VelTabStart(void) /* Comnand OEh ~ Read Velocity Table Start Address */ 

5 { 

} 

Stat_Buffer[l] ~ ((int) &Vel_Table): /*Store Vel Table Start Addr */ 

Stat_Buffer(2] ~ ((int) &InverseTime): /*Store Inverse Time Start Addr */ 

I* Execute the Read Time Tick Counter */ 

10 void ReadTimeTick() /* Comnand OFh c Read Time Tick Counter*/ 

{ 
asm(" SETC INTM"): /*Disable intr while storing the values */ 
Stat_Buffer[l] c Count_20_MSW: /* Store Time Tick MSWord */ 
Stat_Buffer(2] ~ Count_20_LSW: /* Store Time Tick LSWord */ 

15 asm(" CLRC INTM"): /*Re enable interrupts */ 

I* Execute the Set Tach time limits */ 

void SetTachlimit(void) /* Command lOh = Set the tach pulse limits */ 

{ 
20 TachUplimit = CMD_Buffer(l]: /*Save the upper limit value*/ 

Tachlowlimit = CMD_Buffer[2]. I* Save the lower limit value */ 
} 

/* Execute the Code Revision Read command from the 188 */ 

void ReadCodeRev(void) /* Comnand 80h = Read the OSP Code Rev Level */ 
25 { 

static char Rev[SJ={ Revision}: /*Rev level reported by ReadCodeRev */ 

Stat_Buffer[l] =((int) Rev[O] << 8); I* Get the Character. SHL 8 */ 
Stat_Buffer[l] I= (int) Rev[l]: /*Get 2nd Character in buffer *I 

30 Stat_Buffer[2] = ((int) Rev[2J << 8); /*Get the 3rd Character. SHL 8 *I 
Stat_Buffer[2] I= (int) Rev[3]: /* Get 4th Character in buffer *I 

/* Execute the Memory read command from the 188 */ 
void ReadMemory(vo1d) /* C0111Tiand 8lh = Read OSP Ram Memory */ 

35 
lnt *Temp_Pl.*Temp_P2.Temp. 
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10 

} 
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Temp Pl c &CMD Buffer[O]: - -
++Temp_Pl: 
Temp_P2 c (int *) *Temp_Pl: 
Temp Pl c &Stat Buffer[OJ; - -
++Temp_Pl: 
while (Temp_Pl < &CMD_Buffer[O]) 

{ 

} 

*Temp_Pl ~ *Temp_P2: 
++Temp_Pl: 
++Temp_P2: 
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I* Point to 1st Ond Byte */ 
I* Point to Address Value */ 
I* Load Address into Temp_P2 */ 
I* Point to the Status Buffer */ 
I* Point to the 1st data word */ 
I* Move all the words */ 

I* Store a word of data */ 
I* Point to ne~t data word */ 
I* Point to next storage location */ 

I* Execute the Memory write comnand from the 188 */ 
void WriteMemory(void) /* Comnand 8lh ~ Write OSP Ram Memory */ 

15 { 

20 

25 

} 

int *Temp_Pl.*Temp_P2.Temp: 

Temp_Pl = &CMD_Buffer[O]: 
++Temp_Pl: 
Temp_P2 = (int*) *Temp_P1: 
++Temp_Pl: 
while (Temp_P1 <= Cmd_Buff_Point) 

{ 

} 

*Temp_P2 = *Temp_P1: 
++Temp_Pl: 
++Temp_P2: 

I* Point to 1st Cmd Byte */ 
I* Point to Address Value */ 
I* Load Address into Temp_P2 */ 
I* Point to 1st data word */ 

I* Move all the words */ 

I* Store a word of data */ 
/* Point to next data word */ 
I* Point to next storage location */ 

/* Set up the status buffer saying the corrmand was not understood */ 
30 void BadC01M1and(vo1d) /*Conmand ? = an undefined command */ 

{ 
Stat_Buffer[OJ &= -CmdComplete: /* Clear Command Complete */ 
Stat_Buffer[OJ I= UnknownCmd. /* Set Unknown Command bit */ 

35 /* Set up the status buffer saying the checksum was bad */ 

void BadCheckSum(void) 
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Stat_Buffer[O] &= -cmdComplete: 
Stat_Buffer[O] I-= BadChkSum: 

I* Clear Comnand Complete */ 
I* Set Bad Check Sum bit */ 
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5 /* Calculate the checksum on the comnand buffer */ 

10 

15 

int CheckSum(void) 
{ 

int *Temp_Point.sum: 

sum-= O; 
Temp_Point-= &CMO_Buffer[O]: 
while (Temp_Point <= Ond_Buff_Point) 
{ 

/* Initialize the Sum Value */ 
I* Point to 1st Ond Byte */ 
I* Do Sumnation for all bytes */ 

sum+= *Temp_Point + (*Temp_Point >> 8): /*Sum both bytes of word*/ 
++Temp_Point: /* Point to next comnand word */ 

} 

sum &= OxOOFF: 
return(sum): 

I* Clear MSByte */ 
/* Return with Sum Value */ 

20 /**************************************************/ 
/* Delay so many 20us time t1cks then return */ 
/**************************************************! 
void Delay(int ticks) 
{ 

25 int Stop_Time; 

Stop_Time-= Count_20_LSW +ticks: /*Calculate the stop time*/ 
wh1le (Stop_Time != Count_20_LSW) /*Repeat until counter equals stop*/ 
{ 

30 } 

/***************************************************************************/ 
I* Regulate the laser read power *I 

/***************************************************************************/ 
35 void Regulatelaser(int MS_LS) 

I* Integrate around Read_Sense. Desired - Uns1gn ADC Value */ 
int ReadPCLError: 
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I* Int_FwdSen is a 10 bit unsigned (positive) number */ 

ReadPCLError ~ CCint_FwdSen - FwdSen_Zero) - Read_Sense): 
if (MS_LS c= LS) 

{ 

5 ReadLSimage c (ReadLSimage - ReadPCLError): 

10 

15 

if CReadLSimage < 0) /*Over or Under Flow*/ 
{ 

if CReadPCLError > 0) /*UNDER FLOW*/ 
{ 

ReadLSimage c 0: 
} 

else 
{ 

ReadLSimage = Ox7FFF: 
} 

RegulateLaser(MS); /*Regulate with the Large bit step*/ 
} 

ReadLS_DAC = CReadLSimage << 1): 
} 

20 else 
{ 

ReadMSimage = CReadMSimage - ReadPCLError): 
if (ReadMSimage < 0) 

{ 

25 if (ReadPCLError > 0) /*UNDER FLOW*/ 
{ 

ReadMSimage = 0: 

else 
30 { 

ReadMSimage = Ox7FFF; 

ReadMS_DAC = (ReadMSimage << 1). 
35 

1f (abs(ReadPCLError) < ReadPowerTol) 
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Stat_Buffer[OJ &~ -LaserError: /* Laser Read Power is Okay */ 
} 

else 
{ 

5 Stat_Buffer[OJ jc LaserError: /* Laser Read Power is Not okay */ 

} 

asm(" SETC INTM" ) : 
Cmd_Bits &= -SenseSample; 
asm(" CLRC INTM"); 

I* Disable interupts */ 

I* Clear the Sense Available Bit */ 

I* enable interupts */ 

10 } 

/****************************************************************************/ 
I* Program Name Drive.h *I 
I* Description 4x 5.25" DSP Servo controller header file *I 
I* Part Number 562096 *I 

15 I* Date 8/12/93 *I 
I* O/S NIA *I 
I* Compiler TI TMS320C2x/C5x Compiler.#TMDS3242855-02.Rel. 6.0 *I 
I* Support Packages NIA *I 
I* Author Dave Schell *I 

20 I* Required Fil es Drive.c.Interupt.asm.CSO_init.asm.Seek.c.Drive.h *I 
I* Recal .c *I 
I* Hardware Required Part # XXXXXX *I 
I* Install. Instr. Link ln with Dr1ve code *I 
I* Operating Instr. NIA *I 

25 I* *I 
I* Rev History *I 
I* Date Rev C# I nit Change Description *I 
I* 4/14/94 XA 00 OLS Initial Release *I 
/****************************************************************************/ 

30 

enum Seek_Oir {Seek_Out.Seek_In}: /*direction const Jumpback and seek*/ 
enum Laser_Reg {LS.MS}: /*LS.MS Test for laser regulation *I 

35 #define Revision "XAOO" I* The current Revision Level */ 

#def1ne Retr_Accel 6345 I* (2 0 Gs I 0.0003152 Gs/bit) */ 



#define Retr_Pulses 100 

#define Foc_Step 655 

5 

#define JB_Accel 9835 

#defin~ JB_Decel -13959 
#define Seek_Accel 18718 
#define Seek_Decel -13959 

10 #define Hi_BW_Tracks 10 

#define HiSeekGain 149 
#define LowSeekGain 99 

#define CmdComplete Ox8000 
15 #define BadChkSum Ox4000 

#define UnknownCmd Ox2000 
#define TrackingError OxlOOO 
#define SpareBit Ox0800 
#define FocusError Ox0400 

20 #define LaserError Ox0200 
#define FocusLoop Ox0100 
#define FineLoop Ox0080 
#define CoarseLoop Ox0040 
#define PinningLoop Ox0020 

25 #define SpindleError OxOOlO 
#define LaserEnabled Ox0008 
#define Jumpback~ln Ox0004 
#define Jumpback_Out Ox0002 
#define Bad_Seek OxOOOl 

30 #define LoopsOpen OxEOOF 

#define SenseSample Ox0080 
#define CmdPending OxOOOl 
#define Tach_Bit Ox0200 

35 

#def1ne ReadPowerTol Ox0005 
#def1ne FocusEnable Ox0080 
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/* Number of Retract Pulses */ 

I* Focus Step Size for Auto Focus */ 

I* (3.1 Gs I 0.0003152 Gs/bit} */ 

I* (4.4 Gs I 0.0003152 Gs/bit} */ 

I* (5.9 Gs I 0.0003152 Gs/bit} */ 

/* (4.4 Gs I 0.0003152 Gs/bit} */ 

/* Seek length for using high Bandwidth */ 

I* 149, Wide BW (750 Hz) Gain constant */ 

I* 99. Low BW (500 Hz) Gain constant */ 

I* Status Word COllllland Complet~ Bit */ 

I* Status Word Bad Check Sum Bit */ 

I* Status Word Unknown Comnand Bit */ 

I* Status Word Tracking Error Bit */ 

/* Status Word Spare Bit */ 

/* Status Word Focus Error Bit */ 

I* Status Word Laser Control Error Bit */ 

I* Status Word Focus Loop Closed Bit */ 

/* Status Word Fine Loop Closed Bit */ 

I* Status Word Coarse Loop Closed Bit */ 

I* Status Word Pinning Loop Closed Bit */ 

I* Status Word Tach Out of Spec Bit */ 

/* Status Word Laser Read Power is on */ 

I* Status Word Jumping Back In Bit */ 

/* Status Word Jumping Back Out Bit */ 

I* Status Word Bad Seek/no Vel 'Table Bit */ 

I* Clear Tach. Focus. Coarse. Fine. Pin */ 

/* Sense Sample Available Bit*/ 
/* Corrmand Bits. Corrrnand pending Bit */ 

I* COllllland Bits. Motor Tach Bit */ 

I* Read Power Okay Tolerance */ 

/* Control Port Focus PA Enable Bit */ 



#define FineEnable Ox0040 
#define CrsEnable Ox0020 
#define DTCS_Clk_Pol OxOOlO 
#define LaserEnable Ox0008 

5 #define Software_TP Ox0002 
#define OSP_Intr OxOOOl 

#define FocusStart 32000 
#define FocusStop -32000 

10 #define ZeroOffset Ox8000 
#define MaxPositive Ox7FFF 
#define MaxNegative Ox8000 

extern int Read_Sense: 
15 extern int Write_Sense: 

extern int ReadMSimage: 
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/* Control Port Fine PA Enable Bit */ 

I* Control Port Fine PA Enable Bit */ 

I* Track Crossing Clock _Polarity */ 

I* Control Port Laser Enable Bit */ 

I* Control Port Software Test Point Bit */ 

I* Control Port OSP to 188 interrupt Bit */ 

I* Focus Capture Sweep Current Minimum */ 

I* Focus Capture Sweep Current Maximum */ 

I* Zero Offset value for the DACs */ 

I* Max positive signed integer value */ 

I* Max negative signed integer value */ 

I* Laser Read Sense Desired Level */ 

I* Laser Write Sense Desired Level */ 

/* Laser Reod DAC Bit Image */ 

extern int ReadLSimage; /* Laser Read OAC Bit Image *I 
extern int WriteOacimage: /* Laser Write DAC 16 Bit Image */ 

extern int MaxRPP; 
20 extern int MinRPP: 

extern int FwdSen_Zero: 
extern int QSum_Zero: 

25 extern int Fine_Zero; 
extern int Focus_Zero; 
extern int Crs_Zero: 
extern int FineOacZero: 
extern int CrsOacZero: 

30 extern int FocLS_Image, 
extern int FocMS_Image: 
extern int FineDaclmage; 
extern int Cmd_Bits: 

I* Maximum RPP Value seen during a jumpback */ 

I* Minimum RPP Value seen during a jumpback */ 

I* ADC Forward Sense Value with the laser off */ 
I* ADC Quad Sum Value with the laser off */ 

I* ADC Tracking Value with the laser off *I 
I* ADC Focus Value with the laser off */ 

I* ADC Coarse Error Zero */ 

I* Fine OAC Zero or Seek Accel Value */ 

I* Crs OAC Zero or Seek Accel Value */ 
I* Focus Current LS (Capture) OAC 16 Bit Image */ 

I* Focus Current MS (Servo) OAC 16 8it Image */ 
I* Fine Current (Servo) DAC 16 Bit Image */ 
I* Comnand ready Status Flag */ 

extern int *Cmd_Buff _Point; /* Comnand Buffer Pointer */ 
35 extern int Stat_Buffer[5]. /*The first word of the status buffer */ 

extern int CMD_Buffer[lO]; /* The first word of the comnand buffer */ 
extern int SPC: 1~ The Serial Control Input Port */ 



extern int Track_Cnt: 
extern int Ctrl_Port: 
extern int Ctrl_Image; 
extern int foc_LS_DAC: 

5 extern int foc_MS_DAC: 
extern int Foc_Err_Cnt: 
extern int Focus_limit: 
extern int fine_OAC: 
extern int Fine_Err_Cnt: 

10 extern int fine_limit: 
extern int Crs_OAC: 
extern int Write_DAC: 
extern int ReadLS_DAC: 
extern int ReadMS_DAC: 

15 extern int Spa re _DAC: 
extern int Int_Focus: 
extern int Int_Fine: 
extern int Int_Crs: 
extern int Int_FwdSen: 

20 extern int Int_QSum: 
extern int Int_Test: 
extern int Count_20_MSW: 
extern int Count_20_LSW: 
extern int TachUplimit: 

25 extern int Tachlowl imit: 
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I* The Track Crossing Counter Input Port */ 

I* The Output Control Port */ 

I* The memory image of the Control Port */ 

I* focus OAC Memory Location */ 

I* Focus OAC Memory Location */ 
I* Focus Out of limit sample counter */ 
I* Focus Error Spec Limit Value */ 
I* Fine OAC Memory Location */ 

I* Focus Out of limit sample counter */ 
/* Focus Error Spec Limit Value */ 
I* Coarse DAC Memory location */ 

I* Write OAC Memory Location */ 
I* Read OAC Memory Location */ 
I* Read OAC Memory Location */ 
I* Spindle or Test OAC Memory Location */ 
I* Focus Interupt Value */ 
I* Fine Interupt Value */ 

I* Coarse Interupt Value */ 
I* Forward Sense Interupt Value */ 

I* Quad Sum Interupt Value */ 

I* Test Interupt Value */ 

I* 20us Time tick counter. upper 16 bit value*/ 
I* 20us Time tick counter. lower 16 bit value*/ 
I* Tach Pulse upper time limit */ 

I* Tach Pulse lower time limit */ 

extern int Tach_Time: /* Tach Pulse Recurrence Interval time */ 

extern int Vel_Table[384]: /*Seek Velocity Table Starting Address */ 

extern int InverseTime[25]: /* Inverse Time Table for seek velocity calcs */ 

extern int Oebug_Ram[50]: /* Inverse Time Table for seek velocity calcs */ 

30 

void init_regs(void): 
void ExecuteCrnd(void). 
void SendStatus(vo1d). 
void lnitDrive(void); 

35 void LaserOn(vo1d). 
void CaptureFocus(vo1d). 
void CaptureF1ne(vo1d). 

/* lnitialize the OSP reg1stars */ 
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void CaptureCoarse(void): 
void ClosePinning(void): 
void EnJumpbackln(void): 
void EnJumpbackOut(void}: 

5 void OisJumpback(void): 
void Openloops(void): 
void ClearOSPlntr(void); 
void VelTabStart(void): 
void ReadTimeTick(void): 

10 void SetTachlimit(void): 
void ReadCodeRev(void): 
void ReadMemory(void): 
void WriteMemory(void); 
void BadC011111and(void): 

15 void BadCheckSum(void): 
int CheckSum(void): 
void Delay(int ticks); 
void Regulatelaser(int): 
void Do_Jumpback(int): 

521 

20 void Track_Capture(int. int): 
void MultiTrackSeek(int.int); 
void Retract(void): 
void FocusOffset(void); 
void TrackOffset(void): 

/* Move the carriage to inner crash stop */ 

I* Find the Zero Offsets for Max RPP */ 

/* Find Zero Offset at (Max Rpp + Min RPP)/2 */ 

25 int FindPeaktoPeak(void): /* Find the peak to peak RPP Value */ 

/****************************************************************************/ 

I* Program Name Seek.c *I 

I* Description 4x 5.25" DSP Servo controller seek routines *I 

I* Part Number 562096 *I 

30 I* Date 12/12/93 *I 

I* O/S N/A *I 

I* Compiler TI TMS320C2x/C5x Compiler.#TMDS3242855-02.Rel. 6.0 *I 

I* Support Packages NIA *I 

I* Author Dave Schell *I 

35 I* Required Files Drive.c.Interupt.asm.C50 init.asm.Seek.c.Drive h *I 

I* Recal c *I 

I* Hardware Required Part II XXXXXX *I 
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I* Install. Instr. Link in with Drive code *I 
/* Operating Instr. NIA *I 
I* *I 
I* Rev History *I 

5 I* Date Rev C# Init Change Description */ 
I* 04/14/94 XA 00 DLS Initial Release */ 
/****************************************************************************/ 

#include "drive.h" 
10 

/************************************************************************/ 
I* Multi Track Seek in or out *I 
/************************************************************************/ 
void MultiTrackSeek(Tracks,In_Out) 

15 int Tracks.In_Out: 
{ 

int Accel,Decel.Sign,i.DelcaTime.OldTime.NewTime: 
int MeasuredVel .OesiredVel.TrackCount.Old_Trk_Cnt.New_Trk_Cnt.DeltaTracks; 
int LoopError.LoopGain.VelError.MaxVelError.OldCrsOacZero: 

20 int OldHalfTrack.HalfTrack: 

TrackCount = Tracks; /* Get the number of track to seek */ 
I* Setup the direction dependent parameters */ 

if (ln_Out == Seek_In) 
25 { 

Sign -= 1: 
asm(" SETC INTM"): /*Disable intr while changing image*/ 

I* debug */ 
Ctrl_Port = Ctrl_Image 1= Software_TP: /* Write to the port */ 

30 Ctrl_Port = Ctrl_Image &= -Software_TP: /* Write to the port */ 
I* debug */ 

Ctrl_Image I= DTCS_Clk_Pol; /*Set the OTCS Clock Polarity Bit*/ 
Ctrl_Port = Ctrl_Image: /* Write to the port */ 
asm(" CLRC !NTM"). /* Re enable rnterrupts */ 

35 

else 



5 
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Sign - -1: 

asm(" SETC INTM"): /.*Disable intr while changing image*/ 
I* debug */ 

Ctrl_Port = Ctrl_Image I= Software_TP: I* Write to the port */ 
/* Write to the port */ Ctrl_Port - Ctrl_Image &= -Software_TP; 

I* debug */ 
Ctrl_Image &= -OTCS_Clk_Pol: /*Clear the OTCS Clock Polarity Bit*/ 
Ctrl_Port = Ctrl_Image; I* Write to the port */ 
asm(" CLRC INTM"); I* Re enable interrupts */ 

10 } 
Oecel = Seek_Oecel * Sign: 

I* If velocity table initilaized and focus is closed */ 
15 if ((Vel_Table[O] != -1) && (Stat_Buffer[O] & Focusloop) && CTrackCount > 0) 

{ 

&& (lnverseTime[OJ != -1)) 

Stat_Buffer[O] &= -Bad_Seek: 
if (TrackCount < 5) 

I* then do the seek */ 
I* Clear the bad seek status bit */ 

20 { 

for (i = O; i < TrackCount: i++) Do_Jumpback(In_Out): 
} 

else 
{ 

25 if (TrackCount > Hi_BW_Tracks) 
{ 

Accel a MaxPositive * Sign: 
loopGain = HiSeekGain * Sign: /* Set the Seek Gain for High BW */ 

30 else 
{ 

Accel = Seek_Accel * Sign; 
LoopGain = LowSeekGain * Sign: /* Set the Seek Gain for low BW */ 

35 MaxVelError = abs(MaxPositive I LoopGain): 
OldTime a Count_20_LSW: /* Get the start time */ 

MeasuredVel = 0: I* Starting Velocity = 0 */ 



5 
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Stat_Buffer(O] &= -Fineloop: /* open the fine loop */ 
FineOaclmage c Accel: /*Update the Image Value*/ 

Fine_OAC c CAccel + ZeroOffset): /*write out the acceleration value*/ 

OldCrsOacZero c CrsOacZero: 

CrsOacZero = Accel: I* Output the coarse loop accel value */ 
Oelay(5): I* Wait 100 us for RPP to go away from zero */ 
New_Trk_Cnt = (Track_Cnt & OxOOFF): /*Get the track counter value*/ 
Old_Trk_Cnt m New_Trk_Cnt: /* Set them equal before starting loop */ 
if ((Old_Trk_Cnt & Ox0080) c= 0) HalfTrack = 1: else HalfTrack = O: 

10 OldHalfTrack = HalfTrack: /* Set them equal before starting loop */ 

while CTrackCount > 1) 
{ 

15 

20 

25 

30 

35 

if CMeasuredVel < MaxPositive ) /* Velocity > 80.0 mn/s */ 

{ 

i = O; 
while ((i < 6000) & (New_Trk_Cnt==Old_Trk_Cnt)) 

{ 

i++; 

• New_Trk_Cnt = (Track_Cnt & OxOOFF): /*Get track count value*/ 

else 
{ 

Oelay(l); /*at high velocity delay 1 time tick*/ 
} 

New_Trk_Cnt = (Track_Cnt & OxOOFF): /*Get track count value */ 

NewTime = Count_20_LSW; /* Get the current time */ 
if ((New_Trk_Cnt & Ox0080) == 0) HalfTrack = 1: else HalfTrack = O: 
OeltaTracks = (New_Trk_Cnt - Old Trk Cnt) & Ox007F: /*Get Delta */ 

Old_Trk_Cnt = New_Trk_Cnt: /* Save the Track Count Value */ 
TrackCount -= OeltaTracks: /*Update the track counter */ 

/* Calculate the number of half tracks */ 

OeltaTracks = (OeltaTracks * 2) + HalfTrack - OldHalfTrack. 
OldHalfTrack = HalfTrack. 
DeltaTime = (NewTime - OldT1me) - 1. 

OldTime = NewTime. I* Save the time for next time*/ 
if <DeltaT1me > 24) DeltaT1me = 24 
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MeasuredVel c OeltaTracks * InverseTime[OeltaTime]: 
if CTrackCount > 9280) /* Tracks > 128+(8*128)+(64*128) */ 

{ 
OesiredVel c Vel_Table[383]: 

else if CTrackCount > 1152)' 
{ 

OesiredVel c Vel_Table[256 + ((TrackCount - 1152) >> 6)]: 

} 
else if (TrackCount > 128) 

{ 
OesiredVel c Vel_Table[128 + ((TrackCount - 128) >> 3)]; 

else 
{ 

OesiredVel c Vel_Table[TrackCount]: 

I* Loop Error= LoopGain * (Desired Velocity - Measured Velocity) */ 

VelError = (OesiredVel - MeasuredVel); 
if (abs(VelError) < MaxVelError) 

LoopError = LoopGain * VelError: 

else 
{ 

if (VelError > 0) 
{ 

LoopError = (MaxPositive *Sign); 

else 

LoopError = - (MaxPos1t1ve * S1gn). 

F1neDaclmage = LoopError. /* Update the Image Value */ 
Fine_DAC = (LoopError+ZeroOffsel) /* write out accel value */ 
CrsDacZero = LoopError. /*Output the coarse loop accel value */ 
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} 

CrsOacZero a OldCrsOacZero: 

Track_captureCin_out.Oecel>: 

} 

5 } 
else I* If Vel Table Not initialized */ 

{ 

Stat_Buffer[O] t~ Bad_Seek: I* Set bad seek status bit */ 

} 

10 } 
/****":**********************************************************************/ 

I* Do a Jumpback in or out *I 

/***************************************************************************/ 
void Oo_Jumpback(In_Out) 

15 int In_Out: 

{ 

int Accel,Oecel,i: 

MaxRPP = 0: 
20 MinRPP = O: /* Initialize the min and max values to O */ 

asm(" SETC INTM"): /*Disable interupts */ 

Cmd_Bits &= -Tach_Bit: /* Clear the Tach Bit */ 
asm(" CLRC INTM"): /*enableinterupts*/ 

if (ln_Out == Seek_In) /*do jumpback in */ 

25 { 

30 

Accel c JB_Accel: 
Oecel ~ JB_Decel; 

else 

Accel -JB_Accel. 
Decel -JB_Decel. 

I* do jumpback out */ 

Stat_Buffer[OJ &= -Fineloop; /* open the fine loop */ 
35 FineOaclmage = Accel. I* Update the Image Value */ 

Fine OAC = CAccel + ZeroOffset>. I* \'Jrite out the acceleration value*/ 
for ( i = O i < 6. 1 H) I* Wait 120 us for RPP to go away from zero */ 
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Oelay(l); 
if (MaxRPP < Int_Fine) MaxRPP c Int_Fine; /*Find RPP Min and Max*/ 
if (MinRPP > Int_Fine) MinRPP c Int_Fine; 

Track_Capture(ln_Out.Oecel); 
} 

/***************************************************************************/ 
/* Track Capture After Jumpback or a seek *I 

10 /***************************************************************************/ 
void Track_capture (ln_out.Oecel) 
int In_Out.Oecel: 
{ 

int Counter.i: 
15 int OldDacZero: 

I* Get ready for Capture */ 
OldDacZero c FineDacZero; 
FineDacZero = Oecel: 

20 Counter c O; 
I* Wait for 1/2 track */ 

if (ln_Out == Seek_ln) /*Wait for RPP to go low*/ 
{ 

while (((lnt_F1ne - Fine_Zero) < 0) & (Counter< 6000)) 

25 { 

Counter++; 
if (MinRPP > Int_Fine} MinRPP c Int_Fine; /*Find RPP Min */ 

30 ' else I* wait for RPP to go high */ 

{ 

while (((Int_F1ne - F1ne Zero) > 0) & (Counter< 6000)) 

Counter++. 
35 if (MaxRPP < Int Fine) MaxRPP - Int Fine. /*Find RPP Max*/ 
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flneoaclmage • Oecel: I* Update the Image Value */ 
Fine_OAC ~ (Oecel + ZeroOffset); /*Write out the deceleration value*/ 
for Ci • 0; i < 3; i++) /* Wait 60 us */ 

{ 

5 Oelay(l); 

10 

) 

if (MaxRPP < lnt_Fine) MaxRPP .. Int_Fine; /* Find RPP Min and Max*/ 
if (MinRPP > Int_Fine) MinRPP .. Int_Fine: 

Stat_Buffer[O) I· Fin~loop; /* Close the fine tracking loop */ 
for ( i .. 0 : i < 3: i ++) I* Wait 80 us */ 
( 

Oelay(l): 
if (MaxRPP < Int_Fine) MaxRPP .. Int_Fine: /* Find RPP Min and Max */ 
if CMinRPP > Int_Fine) MinRPP .. Int_Fine; 

15 ) 

FineDacZero .. OldDacZero: /* Remove the deceleration pulse */ 

/***************************************************************************/ 
I* Retract the Carriage to the inner Crash Stop */ 

20 /***********************************************~***************************/ 

void Retract (void) 
{ 

inti: 

25 asm(" SETC INTM"): /* Disable intr while changing image */ 
Ctrl_Image I= CrsEnable: /* Set the Coarse PA Enable bit on */ 
Ctrl_Port .. Ctrl_Image; /* Write out the port value */ 
asm(" CLRC INTM"}: /*Re enable interrupts */ 
for (i = 0: i < Retr_Pulses: i++} 

30 

Crs_DAC = Retr_Accel + ZeroOffset: /* Accel toward the spindle */ 
Delay(250). /*for 5 ms*/ 
Crs_DAC = ZeroOffset: /* Coast toward the spindle */ 
Oelay(750). /*for 15 ms*/ 

35 

Crs OAC = Retr Accel + ZeroOffset. /*Hold at inner crash stop */ 
Oelay(5000>. I* for 100 ms */ 
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} . 
/****************************************************************************/ 
I* Program Name Recal.c *I 
I* Description 4x 5.25" DSP Servo controller recalibration stuff *I 

5 I* Part Number 562096 *I 
I* Date 212194 *I 
I* O/S N/A *I 
I* Compiler TI TMS320C2x/C5x Compiler.#TMDS3242855-02,Rel. 6.0 */ 

I* Support Packages N/A *I 
10 I* Author Dave Schell *I 

I* Required Files Drive.c,lnterupt.asm.C50_init.asm.Seek.c,Drive.h *I 
I* Recal.c *I 
I* Hardware Required Part If: XXXXXX *I 
I* Install. Instr. Link in with Drive code *I 

15 I* Operating Instr. N/A *I 
I* *I 
I* Rev History *I 
I* Date Rev C# I nit Change Description *I 
I* 4/14/94 XA 00 OLS Initial Release *I 

20 /****************************************************************************/ 

#include "drive.h" 

/****************************************************************************/ 
25 /* Set focus zero to the optimum RPP Focus Offset */ 

30 

/****************************************************************************/ 
void FocusOffset(void} 
{ 

I* Find the Zero Offsets for Max RPP */ 

int j.PeaktoPeak(3].Center; 

for (J = O; J < 3: J++) PeaktoPeak(J] = 0: 
Center = Focus_Zero. 
for (J = 0. J < 3. J++) 

35 Focus Zero= Center · Foc_Step + (J * Foc_Step): 
PeaktoPeak[J] = FindPeaktoPeak{). 
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if CPeaktoPeak(O] > PeaktoPeak(2]) 
{ 

while ((j < 20) & CPeaktoPeak(O] > PeaktoPeak(2])) 
{ 

Center -c foc_Step: 
Focus_Zero c Center - foc_Step: 
PeaktoPeak(2] c PeaktoPeak(l]: 
PeaktoPeak(l] c PeaktoPeak(OJ: 
PeaktoPeak(O] c findPeaktoPeak(); 

10 } 

} 

else 
{ 

while ((j < 20) & (PeaktoPeak[2] > PeaktoPeak(O])) 
15 { 

20 

} 

Center += foc_Step: 
focus_Zero = Center + Foc_Step: 
PeaktoPeak[O] = PeaktoPeak[l]: 
PeaktoPeak[l] = PeaktoPeak(2]; 
PeaktoPeak[2] = FindPeaktoPeak(): 

Focus_Zero = Center: 

-8 ,JAN 2003 

25 /****************************************************************************/ 
I* Set RPP Zero to the center of the peak to peak RPP *I 

/****************************************************************************/ 
void TrackOffset(void) 
{ 

30 int i .Max.Min: 

I* Find Zero Offset at (Max Rpp + Min RPP)/2 */ 

Max = Mm = O. /* In1t1al1ze the value*/ 

35 

for ( i = 0. i < 8. i ++) 

DelayC50) 

Oo_Jumpback(Seek In). 
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Max += MaxRPP >> 4: /* Max Value I 16 */ 

Min += MinRPP >> 4: /* Min Value I 16 */ 

for Ci c O: i < 8: i++) 

-8 JAN ?.003 

5 { 

De1ay(50): 
Oo_Jumpback(Seek_Out): 
Max +c MaxRPP >> 4: /* Max Value I 16 */ 

Min += HinRPP >> 4; /* Min Value I 16 */ 

10 } 
Fine_Zero c (Max + Hin) >> 1: /* (Max RPP + Hin RPP) I 2 *I 

/****************************************************************************/ 
I* Measure the peak to peak RPP value by doing jumpbacks in and out */ 

15 /****************************************************************************/ 
int FindPeaktoPeak(void) /* Find the peak to peak RPP Value */ 
{ 

int i.PeaktoPeak; 

20 PeaktoPeak = O; /* Initialize the value */ 

I* Clear the Tach Bit */ 

asm(" SETC INTM"); /*Disable interupts */ 

Cmd_Bits &= -Tach_Bit; /* Clear the Tach Bit */ 

25 asm(" CLRC INTM"); /* enable interupts */ 

I* Wait for the tach to go high */ 
while (((Cmd_Bits & Tach_Bit) == 0) && (1++ < 2500)) Delay(!); 

30 for ( i = 0: i < 8. i ++) 

35 

Delay(50). 
Do_Jumpback(Seek_ln). 
PeaktoPeak += ((MaxRPP - M1nRPP) >> 5). /*Peak to peak I 32 */ 

for ( i = 0. i < 8. l ++) 
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Oelay(50): 
Oo_Jumpback(Seek_Out): 
PeaktoPeak +~ ((MaxRPP - MinRPP) >> 5): /* Peak to peak I 32 *I 

) 

5 return(PeaktoPeak): /*Return the average pk-pk value/2 */ 

10 

15 

:***************************************************************************** 
Program Name 
Description 
Part Number 

Interupt.asm 
OSP Interupt handling routines for the 4x 5.25" 
562096 

Date : 8112193 
OIS NIA ...,. 
Compiler TI TMS320C2xlC5x Compiler. #TMDS3242855-02,Rel. 6.0 
Support Packages NIA 
Author Dave Schell 
Required Files Orive.c.Interupt.asm.CSO_init.asm.Seek.c,Orive.h 

Recal.c 
Hardware Required Part # XXXXXX 
Install. Instr. Link in with Drive code 

20 Operating Instr~ NIA 

Rev History 
Date 

4/14/94 

Rev C# Init 
XA 00 DLS 

Change Description 
Initial Release 

25 ·***************************************************************************** 

30 

35 

.title "Processor Interupt Handlers" 

. length 60 

.rrmregs 

def 

def 
def 

def 

ISR1.ISR2.CMD_lntr.T1mer 
Tach.Old_Tach_T1me._Tach_T1me 
_TachUpL1m1t._TachLowLim1t 
RCV.XMT.TDMRCV.TDMXMT.TRP.NMISR 

def _Count_20_LSW._Count_20_MSW._Cmd_B1ts. CMD Buffer 
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.def _fine_OAC._Crs_OAC._ReadLS_OAC._ReadMS_OAC._Write_OAC . 

. def _Foc_LS_OAC._foc_MS_OAC._Spare_OAC._Track_Cnt._SPC 

.def _lnt_QSum._lnt_Fine._lnt_FwdSen._Int_Crs._Int_focus._Int_Test 

.def _Stat_Buffer._Cmd_Buff_Point._Ctrl_lmage,_Ctrl_Port.Sign_Bit 
5 .def _QSum_Zero._Fine_Zero._focus_Zero._fwdSen_Zero._Crs_Zero 

.def _focMS_Image,_focLS_Image,_fineOaclmage._CrsOaclmage 

.def Focus_Nl,focus_N2,focus_N3,Focus_02.Focus_03,focus_G 

.def fine_Nl.Fine_N2,Fine_N3,fine_02.Fine_03,Fine_G 

.def Crs_Nl.Crs_N2,Crs_N3,Crs_02.Crs_03,Crs_G.Pin_G 
10 .def _Oebug_Ram.focus_Error.Old_focus_l._fineOacZero._CrsOacZero 

.def _foc_Err_Cnt._Focus_Limit._fine_Err_Cnt._fine_Limit 

15 . 1/0 Definition 
SPC .set 00022h ;Serial Port Control Register 

Cmd Port .set OOOSOh :80188/0SP Comnunication Port 
Ctrl Port . set OOOSlh :1/0 Control Port. laser. Power .Amps. etc . - -
Track Cnt .set 00051h ;Track crossing counter read port - -

20 NJC Data .set 00053h ;MP87099 NJC Data 
NJC Addr .set 00053h :MP87099 NJC Address 
Clock_High .set 00056h :Read to take NJC Clock High 
Clock Low .set 00057h :Read to take NJC Clock Low 
_Fine_DAC .set 00058H :7228 fine current OAC 

25 Crs OAC .set 00059H ;7228 Coarse current OAC 
_ReadLS_DAC .set OOOSAH ;7228 Laser Read current DAC 

ReadMS OAC .set OOOSBH :7228 Laser Read current DAC - -
Write OAC .set OOOSCH :7228 Laser Write current OAC - -

_Foc_LS_OAC .set OOOSOH :7228 focus current DAC 
30 Foe MS OAC .set OOOSEH :7228 focus current OAC -

_Spare_DAC .set OOOSFH :7228 Spin current OAC 

B1tO 
35 Bitl 

Blt2 

Bit3 

set 
set 
set 
set 

15 

14 

13 

12 

:Bit zero 1n BIT test 1s a 15 

.Bit 1 1n BIT test lS a 14 
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Bit4 .set 11 
BitS .set 10 
Bit6 .set 9 

Bit7 .set 8 

5 Bit8 .set 7 

Bit9 .set 6 

BitlO .set 5 
Bitll .set 4 
Bitl2 .set 3 

10 Bitl3 .set 2 

Bitl4 .set 1 

Bit15 .set 0 :Bit 15 in BIT test is a 0 

SBL .set 5 ;Status Buffer Length 
15 CBL .set 10 :Comnand Buffer Length 

: Analog to Digital Converter constants 
Focus NJC .set OOOOOH :Address zero 
QSum_AfJC .set OOOOlH ;Address one 

20 Crs NJC .set 00002H ;Address two 
Fine NJC .set 00003H ;Address three 
FwdSen NJC .set 00004H ;Address four 
Test NJC .set OOOOSH :Address five 

25 MaxPos .set 07FFFH :Max Positive value for OAC images 
MaxNeg .set 08000H ;Max Negative value for OAC images 
Min_QSum .set 00240H ;Minimum QSum before switching refs 
Max_Bad_Samples .set 00004H :Number of bad samples before Errors Flags 

30 Ref Select .set 00004H ;The reference select bit of Ctrl_Port 

Timer interupt variables 
Count 20 LSW usect Time_Ram.1 ;20us counter LSWord. incremented by timer 

35 Count 20 MSW .usect Time_Ram.l .20us counter MSWord. incremented by timer 
Int OSum 
Int Focus 

usect Time_Ram.l .Interrupt Quad Sum Value 
usect T1me_Ram.l . Interrupt Focus Value 



Focus_Error .usect Time_Ram.l 
Old_Focus_l .usect Time_Ram.l 
Old_Focus_2 .usect Time_Ram. l 
_FocLS_Image .usect Time_Ram.l 
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:_Int_Focus - Zero Offset 
:and old focus value 
:and old focus value . 

-8 JAN 200~ 

:Focus LS OAC memory image for capture 
5 _FocMS_Image .usect Time_Ram, l :Focus OAC memory image for servos 

Old FocOac 
Focus Nl 
Focus N2 
Focus N3 

.usect Time_Ram.l 

.usect Time_Ram.l 

.usect Time_Ram.1 

.usect Time_Ram.l 

:Focus OAC memory image 
:Focus Loop Constants. Numerator zAO 
:Focus Loop Constants. Numerator zA-1 
:Focus Loop Constants. Numerator zA-2 

10 Focus 02 
Focus 03 

.usect Time_Ram.1 :Focus Loop Constants. Denominator z"-1 

.usect Time_Ram,l :Focus Loop Constants. Denominator zA-2 
Focus_G .usect Time_Ram,l :Focus Loop Constants.'Gain 
_Foc_Err_Cnt .usect Time_Ram.1 :Focus Sample out of spec counter 

15 

_Focus_limit .usect Time_Ram.1 
_Int_Fine .usect Time_Ram.1 
Fine Error 
Old Fine 1 - -

.usect Time_Ram,l 

.usect Time_Ram.1 

;Focus Error In Spec Limit 
:Interrupt Fine Value 
:_Int_Fine - Zero Offset 
:and old Fine value 

Old Fine 2 - - .usect Time_Ram,1 ;and old Fine value 
_FineDaclmage .usect Time_Ram.1 

20 Old FineDac .usect Time_Ram,l 
FineDacZero .usect Time_Ram.l 

;Fine DAC memory image 
:Fine DAC memory image 
;Fine DAC Zero or Seek Accel Value 

Fine Nl 
Fine N2 
Fine N3 

.usect Time_Ram,l ;Fine Loop Constants. Numerator zAO 

25 Fine D2 
fine.Jl3 
fine G 

.usect Time_Ram.l 

.usect Time_Ram.l 

.usect Time_Ram,l 

.usect Time_Ram,l 

.usect Time_Ram.l 
_Fine_Err_Cnt .usect Time_Ram,l 
Fine Limit .usect Time_Ram.1 

.usect Time_Ram.1 

.usect Time_Ram.1 

:Fine Loop Constants. Numerator zA-1 
:Fine Loop Constants. Numerator z"-2 
;Fine Loop Constants. Denominator zA-1 
;Fine Loop Constants. Denominator zA-2 
:Fine Loop Constants. Gain 
;Fine Sample out of spec counter 
:Fine Error In Spec Limit 
:Interrupt Coarse Value 

Int Crs - Zero Offset 
30 Int Crs 

Crs Error 
Old Crs 1 
Old Crs 2 

.usect T1me_Ram.l :and old Coarse value 

.usect T1me_Ram.l :and old Coarse value 
_CrsDaclmage .usect T1me_Ram.l 

35 Old CrsOac .usect T1me_Ram.l 
CrsOacZero usect T1me_Ram.l 

.Coarse OAC memory image 

.Coarse OAC memory lmage 

.Coarse OAC Zero or Seek Accel Value 
Crs Nl usect T1me_Ram.l .Coarse Loop Constants. Numerator z~o 
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Crs N2 .usect Time_Ram.1 :Coarse Loop Constants. Numerator z"-1 
Crs N3 .usect Time_Ram.1 :Coarse Loop Constants. Numerator z"-2 
Crs 02 .usect Time_Ram.1 :Coarse Loop Constants. Denominator z"-1 
Crs 03 .usect Time_Ram.1 :Coarse Loop Constants. Denominator z"-2 

5 Crs G .usect Time_Ram,l :Coarse Loop Constants. Gain 
Pin G .usect Time_Ram.1 :Pinning Loop Constant. Gain 
Int FwdSen .usect Time_Ram,l :Interrupt Forward Sense Value -
Int Test .usect Time_Ram,l :Interrupt Test Value -

_FwdSen_Zero .usect Time_Ram,l :AOC Forward Sense Value with the laser off 
10 _osum_Zero .usect Time_Ram.1 ;/.DC Quad Sum Value with the laser off 

_Fine_Zero .usect Time_Ram.1 :/.DC Tracking Value with the laser off 
Focus Zero .usect Time_Ram,l :AOC Focus Value with the laser off - -
Crs Zero .usect Time_Ram.1 :AOC Postion Error zero value 

Sign_Bit .usect Time_Ram.1 ;Sign Bit value ~tared here {08000h) 
15 Temp_l .usect Time_Ram.1 ;Temp Value 

Temp_2 .usect Time_Ram,1 :Temp Value 
_Debug_ Ram .usect Time_Ram.50 :Debug Ram Area 

20 Collllland interupt variables 
OldAR .usect Params.1 :Old AR storage location for interupts 

Ctnd Bits .usect Params.1 

25 

30 

_Ctrl_Image usect Params.l 
35 Cmd_Buff_Po1nt use~t Params.1 

:Register to signal a cOllilland is ready 
;Bit O - 1 = Comnand Ready 
:Bit 1 - Old Direction Bit 
;Bit 2 - 0 = LSByte. 1 = MSByte 
:Bit 3 - Focus Sample available 
:Bit 4 - Fine Sample available 
;Bit 5 - Coarse Sample available 
:Bit 6 - Quad Sum Sample available 
:Bit 7 - Laser Sense Sample available 
:Bit 8 - Fine I/Test Sample available 
:B1t 9 - Tach Pulse happened 

:memory image of the Control Port 
:Storage for cmd pointers 

Stat Buffer usect Tlme Ram.SBL .Status Buffer. Length = SBL 
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10 

15 

20 

25 

CMO Buffer 

Old_Tach_Time 
_Tach_Time 
_TachUplimit 
Tachlowlimit 

.text 
ISRl RETE 
ISR2 RETE 
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.usect Time_Ram.CBL ;COllltland Buffer. Length c CBL 

.usect Params.l 

.usect Params.l 

.usect Params.l 

.usect Params.l 

:Last Tach pulse time tick 
:Oelta Tach Time 
:Tach pulse Upper time limit 
:Tach pulse Lower time limit 

:INITl- Track Crossing Signal 
:INIT2- (Should not happen) 

:************************************************************************** 
: Spindle Motor Tach Interrupt Handler. Set the One_Rev bit 
·************************************************************************** . 
Tach :INIT3- (Tach Pulse) 

LAMM Ond Bits ;Tell Kernel a Tach Pulse Happened 
OR #-00200h ;Set the Tach Pulse bit 
SA.MM Ond Bits ;Save the new cOllltland bits 
LDPK Count 20 LSW ;Point to the timer interupt page 
LACL Count 20 LSW ;Get the current timer value - - -
LDPK Old Tach Time ;Point to the Tach time - -
SUB Old Tach Time ;Subtract the old Value - -
SACL Tach Time :Save the delta value - -
ADD Old Tach Time :Restore the new time value - -
SACL Old Tach Time ;Save it in the old value 
RETE 

·************************************************************************** . 
: Timer Interrupt Handler. All Real Time Servos and ADC's are done here! 
·************************************************************************** . 
MSW Ti me Ti ck ;Only do this if lscounter rolled over - -

30 LACL Count 20 MSW :Increment the 20 us counter 1 - - -
ADD If I 
SACL Count 20 MSW 

B Test Time Odd 

:Save lt 
:Con1tnue 

. Actual start of the t1mer lnterupt rout1ne 
35 Timer 

:debug 
LAMM _Ctrl_Image Start of interrupt 

1 

1 

4 



5 

10 

15 

20 

25 

30 

35 

:debug 

OR #02 
SN-1M _ctrl_Port 
SN-1M _Ctrl_Image 
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:Start of interrupt 

: Start of the Focus /!DC Conversion and Compensation Loop 

Focus Start 
Oo the Focus Loop 

LACL #Focus_NJC :Load the address 
SN-1M NJC_Addr :Tell the converter conversion address 

Update the counter while waiting for the conversion 
LOPK Count 20 LSW :Point to the timer interupt page 2 - - -
LACC Count 20 LSW :Increment the 20 us counter 1 - - -
/!DO #1 1 
SACL Count 20 LSW 1 - - -
BCND MSW_Time_Tick.EQ :If Counter rolled over inc MSWord 2 

Test Time Odd - -
BIT _Count_20_LSW,Bit0 ;See if even or odd count 1 
BCND ODD_Count.TC ;Odd-Fwd Sense. Even-Coarse loop 2.4 
LAMM Ond Bits ;Update COlllTland Bits with Sample Data 1 
OR #00038h :Coarse. Fine. Focus available 2 

SAMM Clock_ High ;Take the converter clock high 1 
B Foe B 1 ;Oo the Even Stuff 4 

ODD Count 
NOP ;One extra clock for f;JJC timing 1 
SAMM Clock_ High ;Take the converter clock high 1 

LAMM Ond Bits ;Update Corrrnand Bits with Sample Data 1 
OR #OOOD8h ;Sense. Fine. Focus. QSum available 2 

NOP :One extra clock for /!DC timing 1 
Foe B 1 

SAMM Clock Low :Take the converter clock low 1 

SAMM Cmd Bits :Save the results 1 

NOP 
SAMM Clock_High :Take the converter clock high 2 

LAMM AOC Data :Get the result of the convers1on l 

XOR Sign_Bit .Make it a signed integer 
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ANO #Off COh :Clear the 6 LSBits 
SACL Int focus :Save focus Error 1 -

Debug 
XOR Sign_ Bit :Add in the zero offset (8000H) 1 

5 SM-1M _Spare_OAC 
XOR Sign_Bit :Add in the zero offset (8000H) 1 

: Debug 
SUB _f ocus_Zero ;Save the focus Error 1 
SACL f ocus_Error :Focus OAC - Zero Value 1 

10 SPM 1 :Set for fraction multiply 1 
ZAP 1 
LT Old FocOac :Vout(N-2) 1 
MPY Focus 03 :Multiply by a constant 1 
LTD _FocMS_Image :Vout(N-1) > Vout(N-2) 1 

15 MPY Focus 02 :Multiply by a constant 1 
APAC :Accumulate the results 1 
SACH Temp_l ;(02*Vout(N-1)+03*Vout(N-2) >temp 1 
ZAP 1 
LT Old Focus 2 ;Vin(N-2) 1 --

20 MPY Focus N3 :Multiply by a constant 1 
LTD Old Focus 1 ;Vi(N-l)>Vi(N-2) acccVi(n-2)*N3 1 - -
MPY Focus N2 ;Multiply by a constant 1 
LTD Focus Error ;Vi(N)>Vi(N-1) acccacc+Vi(n-l)*N2 1 

Focus Error values are updated. Update the focus OAC if the loop is closed 
25 BIT Stat_Buffer.Bit8 ;See if the focus loop is closed 1 -

BCNO Focus.Open.NTC :Branch if the loop is not closed 2 

MPY Focus Nl :preg c Vi(n)*Nl 1 
APAC :Ace c Ace + Vi(n)*Nl 1 

30 SACH Temp_2 :Save result 1 

LT Temp_2 :Load the TReg 1 
SPM 0 :Set for regular multiply 1 

MPY Focus G ;PReg c K2*(K3*V1n(N-l) - V1n(N)) 1 

LACC Temp_l :ace= (02*Vout(N-1)+03*Vout(N-2) 1 

35 APAC .ace = G*Numerator-Denominator 1 

XOR Sign_Bil :Add in the zero offset (8000H) 1 

SAMM Foe MS OAC .Write out the value 
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XOR Sign_Bit :Set the bit back 1 

SACL _FocMS_Image :Save the image 1 

:Loop done unless there is an overflow 
BSAA 15 :sign extend the 32 bit number 1 

5 BCNO Foc_Pos_OV.GT :If greater than zero. +overflow 2 

CMPL ;Ones complement the Ace 1 

BCNO Foc_Neg_OV,GT :If greater than zero, - overflow 2 

8 Fine_Start :Do the quad sum loop 4 

Foc_Pos_ov 
10 LACC #MaxPos :Write Out Max Positive value 2 

SACL _FocMS_Image ;Save the image 1 

XOR Sign_Bit ;Add in the zero offset (8000H) 1 

SAMM Foe MS OAC :Write out the value 1 -
8 Fine_Start 4 

15 Foc_Neg_OV 
LACC #MaxNeg ;Write Out Max Positive value 2 

SACL _FocMS_Image ;Save the image 1 

XOR Sign_Bit :Add in the zero offset (8000H) 1 

SAMM Foe MS OAC ;Write out the value 1 -
20 B Fine Start 4 

End of the Focus ADC Conversion and Compensation Loop 

Start of the Fine Loop ADC Conversion and Compensation Loop 

25 Focus_Open 
LACL 
SAMM 
RPT 
NOP 

30 B 

Fine Start 

#Fine_AOC 
AOC_Addr 

IM 

Fine_Clk_High 

35 

Do the Fine Tracking Loop 
LACL #Fine_ADC 
SAMM ADC Addr 
LACC Focus Error 
ABS 
SUB Focus L1m1t 

;Focus Loop Open. No Error Check 
;TES address 1 

;Tell the converter conversion address3 
;Oelay 6 clocks 6 

;4 more clock of delay 4 

; TES address 
:Tell the converter conversion address3 
.Get the Focus Error Value 
:Get the magnitude 
.Compare to out of focus l1m1t 

1 

l 

l 
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BCND focus_In_Spec.LEQ :Branch if in spec 4/2 
focus_Out_Spec 

LACL _foc_Err_Cnt :Get The focus Error Count 1 

SUB #Max_Bad_Samples :See if at max Number of bad Samples 1 
5 BCNO fine_Clk_High,GEQ :If at Max then continue 4/2 

LACL f oc Err Cnt :Get The focus Error Count 1 - - -
ADD #1 :Increment the Count 1 

SAMM Clock_ High :Take the converter clock high 1 
SACL f oc Err Cnt :Save the Incremeted Value 1 - - -

10 SUB #Max_Bad_Samples :See 1f at max Number of bad Samples 1 
BCNO fine_Clk_low,LT :Continue if not at max count 4/2 
S#1M Clock_Low :Take the converter clock low 1 

LACL Stat Buff er :Set the Bad focus Bit 1 - -
OR #-0400H :Set the Bit • 2 

15 SACL Stat Buff er :Save the Result 1 - -
: Debug, In the future. set the 188 interupt here 

B fine Clk H2 :Continue 4 
Dec f oc Cnt 

SAMM Clock_ High :Take the converter clock high 1 
20 SUB #1 ;Decrement the Focus Error Count 1 

SACL Foe Err Cnt .:Save the Decremeted Value 1 - - -
NOP :Delay 1 Clock 1 
NOP :DelaY: 1 Clock 1 
SAMM Clock Low ;Take the converter clock low 1 

25 B Fine Clk H2 :Take the Clock Bit Low 4 

Focus_In_Spec 
LACL Foe Err Cnt ;Get the Focus Error Count 1 - - -
BCND Dec_Foc_Cnt.NEQ ;If not Zero then decrement 4/2 
NOP 

30 Fine_ Cl k_ High 
SAMM Clock_High :Take the converter clock high 1 
RPT #1 :Delay 3 clocks 3 
NOP 

Fine Clk Low 
35 SAMM Clock Low :Take the converter clock low 1 

NOP 
NOP 
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Fine_Clk._H2 
SNi-1 Clock_ High ;Take the converter clock high 2 
LAMM NJC Data :Get the Data 3 

XOR Sign_Bit :Make it a signed integer 1 
5 SACL Int_Fine :Save Fine Error Value 1 -

SUB _Fine_Zero :Save the Fine Error 1 
SACL Fine_Error :Fine Error - Zero Value 1 

:Set up for fixed Reference Conversions 
LAMM _Ctrl_Image 1 

10 OR #Ref _Select :Fixed Reference Bit 2 
S/IJ<IM _Ctrl_Image 1 

S/IJ<IM _Ctrl_Port 1 

SPM 1 :Set for fraction multiply 1 
:Do the Loop Compensation 

15 ZAP 1 

LT Old FineDac :Vout(N-2} 1 

MPY Fine 03 :Multiply by a constant 1 
LTD _FineDaclmage :Vout(N-1} > Vout(N-2} 1 

MPY Fine 02 :Multiply by a constant 1 
20 APAC :Accumulate the results 1 

SACH Temp_l ;(02*Vout(N-1}+03*Vout(N-2} > temp 1 
ZAP 1 
LT Old Fine 2 :Vin(N-2) 1 - -
MPY Fine N3 :Multiply by a constant 1 

25 LTD Old Fine 1 ;Vi(N-l}>Vi(N-2) acc=Vi(n-2}*N3 1 - -
MPY Fine N2 :Multiply by a constant 1 
LTD Fine Error :Vi(N}>Vi(N-1) acc=acc+Vi(n-l}*N2 1 

:Fine Error values are updated. Update the fine OAC if the lbop is closed 
BIT _Stat_Buffer.Bit7 :See if the fine loop is closed 1 

30 BCND FwdSenOrCrs,NTC :Branch if the loop is not closed 2 

MPY Fine Nl :preg = Vi(n)*Nl 1 

APAC :Ace= Ace + Vi(n)*Nl 1 

SACH Temp_2 :Save result 1 

LT Temp_2 :Load the TReg 1 

35 SPM 0 :Set for regular mult1ply 1 
MPY F1ne G .PReg = K2*(K3*V1n(N-l) - V1n(N)) 1 

LACC Temp_l :ace= (02*Vout(N-1)+03*Vout(N-2l 1 
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APAC 
ADO _FineOacZero 
SACL _FineOaclmage 
XOR Sign_Bit 
SAMM _Fine_OAC 
XOR Sign_Bit 

1 

:Loop done unless there is an overflow 
BSAR 15 

BCNO Fine_Pos_OV.GT 
CMPL 
BCNO Fine_Neg_OV.GT 
B FwdSenOrCrs 

Fine Pos OV 
LACC #MaxPos 
SACL _FineOaclmage 
XOR Sign_Bit 
SAMM Fine OAC 
B FwdSenOrCrs 

Fine_Neg_OV 
LACC #MaxNeg 
SACL _FineOaclmage 
XOR Sign_Bit 
SAflM Fine OAC 
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:ace K G*Numerator-Oenominator 1 

:Add the OAC Zero Value(or SeeK Accel)l 
:Save the image 1 

:Toggle the MSBit 1 

:Write out the value I 

:Toggle the MSBit back 1 

:sign extend the 32 bit number 1 

:If greater than zero. +overflow 2 
:Ones complement the Ace 1 

:If greater than zero. - overflow 2 

:Oo the quad sum loop 4 

:Write Out Max Positive value 2 
:Save the image 1 

:Toggle the MSBit 1 

:Write out the value 1 

4 

:Write Out Max Positive value 2 

;Save the image 1 

;Toggle the MSBit 1 

:Write out the value 1 

End of the Fine f1DC Conversion and Compensation Loop 

Fwd Sen Addr 
Get the Quad Sum Value 

LACC #QSum_f1DC 
SAflM ADC Addr 
B FwdSen Crs ADC 

:Get the Quad Sum Address 
:Tell the converter to start 
:Continue Conversion/Error Checking 

FineClosed :Error Check starts here if the Fine loop is closed 
LACC Fine Error 
ABS 
SAMM Clock_H1gh 

:Get the Fine Error Value 
.Get Magnitude of the error 
.Take the converter clock high 

1 

1 
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SUB _Fine_Limit :Subtract the Fine e~ror limit 
BCNO fine_Out_Spec.GT :Branch if out of Spec 

fine_In_Spec 
LAC~ fine Err Cnt :Get the error count 1 - - -

5 SAMM Clock_Low :Take the converter clock low 1 
BCNO Oec_Fine_Cnt.NEQ :If not Equal then Decrement 2 

SAMM Clock_ High :Take the converter clock high 2 

LAMM NX Oata :Get the Oata 3 

SACL Temp_2 :Save the Results in temp 2 
10 B finish fwd Crs :Finish the forward sense or coarse 

Oec_Fine_Cnt 
SUB #1 :If not Equal then Decrement 1 

SACL Fine Err Cnt ;Save the Result 1 

15 SAMM Clock_High :Take the converter clock high 2 
LAMM NJC Data ;Get the Data 3 

SACL Temp_2 :Save the Results in temp 2 
B Fini sh Fwd Crs :Finish the forward sense or coarse 4 

20 Fine_Out_Spec 
SAMM Clock Low : Take the converter c 1 ock 1 O\'t 1 

NOP 
NOP 
SAMM Clock_ High :Take the converter clock high 2 

25 LAMM ADC Data :Get the Data 3 

SACL Temp_2 :Save the Results in temp 2 1 

LACL Fine Err Cnt :Get the error count 1 - - -
SUB #Max_Bad_Samples :See if at max number of bad samples 1 

BCND Finish_Fwd_Crs.GEQ :If at max then continue 4/2 

30 LACL Fine Err Cnt ;else increment the error count 1 

ADD #1 : increment 1 

SACL Fine Err Cnt :Save the count 1 

SUB #Max_Bad_Samples .Test lf now at max count 1 

BCND Finish Fwd Crs.LT :continue lf not a max count 4/2 
35 LACL Stat Buffer .else set the f1ne tracking error bit 1 

OR #lOOOH .Set the B1t 2 

SACL Stat Buffer .Save the result l 
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: Debug. in the future set the 188 interupt bit here 
B finish_fwd_Crs ;finish the forward sense or coarse 

FwdSenOrCrs 
5 ; Do the Coarse Or forward Sense Conversion 

BIT _Count_20_LSW.Bit0 :See if even or odd count 
BCNO Fwd_Sen_Addr,TC :Odd-Fwd Sense. Even-Coarse Loop 

If not forward sense loop then do the coarse loop 
LACC #Crs_NJC :Get the Coarse conversion coamand 

10 S/>.tti NJC Addr :Tell the converter to start 
RPT #1 

NOP 
FwdSen Crs NJC :Start fine loop error checking ! ! ! 

BIT _st~t_Buffer.Bit7 :See if the fine loop is closed 1 

15 BCNO FineClosed.TC :Branch if the loop is closed 4/2 
RPT #1 :No error checking if loop is open 
NOP 
SAMM Clock_High :Take the converter clock high 1 

RPT #1 

20 NOP 
SAMM Clock low :Take the converter clock low 1 

NOP 
NOP 
SAMM Clock_High :Take the converter clock high 2 

25 LAMM NJC Data :Get the Data 3 

SACL Ternp_2 ;Save the value 
Finish Fwd Crs 

LACC Ternp_2 :Restore data 
BIT _Count_20_LSW.Bit0 :See if even or odd count 

30 BCNO Fwd_Sense.TC ;Odd-Fwd Sense. Even-Coarse Loop 
XOR Sign_Bit :Make it a signed integer 1 

SACL Int Crs ;Save Coarse Error Value 1 

SUB Crs Zero :Subtract the zero value 1 

SACL Crs Error .Crs OAC - Zero Value 1 

BIT Stat_Buffer.B1t5 :See 1f the P1nn1ng loop is close 1 -35 

BCND OoPin. TC :Branch if p1nn1ng 1s closed 2 

SPM l :Set for fraction multiply 
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ZAP 1 

LT Old_CrsOac :Vout(N-2) 1 

MPY Crs 03 :Multiply by a constant 1 
LTO _crsOaclmage :VoutCN-1) > Vout(N-2) 1 

5 MPY Crs 02 :Multiply by a constant 1 
APAC :Accumulate the results 1 
SACH Temp_l :CD2*Vout(N-1)+03*Vout(N-2) >temp 1 
ZAP 1 
LT Old Crs 2 ;Vin(N-2) 1 

10 MPY Crs_N3 :Multiply by a constant 1 
LTD Old_Crs_l ;Vi(N-l)>ViCN-2) acc~ViCn-2)*N3 1 
MPY Crs N2 :Multiply by a constant 1 
LTD Crs Error :Vi(N)>Vi(N-1) acccacc+Vi(n-l)*N2 1 

: Crs Error values are updated. Update the Crs OAC if the loop is closed 

15 BIT _Stat_Buffer.Bit6 :See ·if the Coarse loop is closed 1 
BCND SwitchRef .NTC ;Branch if the loop is not closed 2 

MPY Crs Nl ;preg c Vi(n)*Nl 1 

APAC ;Ace =Ace+ Vi(n)*Nl 1 

20 SACH Temp_2 :Save result 1 
LT Temp_2 ;Load the TReg 1 

SPM 0 :Set for regular multiply 1 

MPY Crs G :PReg = K2*(K3*Vin(N-1) - Vin(N)) 1 
LACC Temp_l ;ace = (02*Vout(N-1}+03*Vout(N-2) 1 

25 APAC :ace ~ (G*Numerator-Oenominator)/4 1 

SFL :Shift left. Multiply by 2 1 

SFL :Shift left. Multiply by 4 1 

ADD CrsDacZero :Add the OAC Zero Value 1 

XOR Sign_Bit :Add in the zero offset (8000H) 1 

30 SAMM Crs OAC ;Write out the value 1 

XOR Sign_Bit :Set the bit back 1 

SACL _CrsDaclmage :Save the lmage 1 

:Loop done unless there is an overflow 
BSAR 15 :sign extend the 32 bit number 

35 BCND Crs_Pos_OV.GT . If greater than zero. + overf10\~ 2 

CMPL :Ones complement the Ace 1 

BCND Crs_Neg_OV.GT . If greater than zero. - overflow 2 
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B SwitchRef :Do the quad sum loop 4 

Crs_Pos_ov 
lACC #MaxPos :Write Out Max Positive value 2 

SACL _crsOaclmage :Save the image 1 
5 XOR Sign_Bit :Add in the zero offset (8000H) 1 

SAAM Crs OAC :Write out the value 1 
B SwitchRef 4 

Crs_Neg_OV 
LACC #MaxNeg :Write Out Max Positive value 2 

10 SACL _CrsOaclmage :Save the image 1 
XOR Sign_Bit :Add in the zero offset (8000H) 1 

SAAM Crs OAC :Write out the value 1 
B SwitchRef 4 

: Crs Error values are updated. Do the Pinni~g Loop 
15 DoPin 

NEG :Negate the Coarse Error 
SACL Crs_Error :Crs DAC - Zero Value 1 

SPM 1 :Set for fraction multiply 1 
ZAP 1 

20 LT Old FineOac :Vout(N-2) 1 
MPY Crs 03 :Multiply by a constant 1 

LTD _FineOaclmage :Vout(N-1) > Vout(N-2) 1 
MPY Crs 02 :Multiply 1by a constant 1 
APAC :Accumulate the results 1 

25 SACH Temp_l :(D2*Vout(N-1)+03*Vout(N-2) >temp 1 
ZAP 1 
LT Old_Crs_2 ;Vin(N-2) 1 
MPY Crs N3 :Multiply by a constant 1 

LTD Old Crs 1 ;Vi(N-l)>Vi(N-2) ace=Vi(n-2)*N3 1 
30 MPY Crs N2 :Multiply by a constant 1 

LTD Crs Error :Vi(N)>Vi(N-1) ace=aee+Vi(n-l)*N2 1 

MPY Crs Nl .preg = V1(n)*Nl 1 

APAC .Ace =Ace + Vi(n)*Nl 1 

35 SACH Temp_2 . Save result 1 

LT Temp_2 .Load the TReg 1 

SPM 0 .Set for regular mult1ply 1 
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MPY Pin_G :PReg c K2*(K3*Vin(N-l) - Vin(N)) 1 

LACC Temp_l :ace c (02*Vout(N-ll+03*VoutCN-2) 1 

APAC :ace c CG*Numerator-Oenominator)/4 1 

SFL :Shift left. Mult1ply by·2 1 

5 SFL :Shift left. Multiply by 4 1 

ADO - Fi neOacZero :Add the OAC..Zero Value 1 

XOR Sign_Bit :Add in the zero offset CSOOOH) 1 

SAMM Fine OAC :Write out the value 1 - -
XOR Sign_Bit :Set the bit back 1 

10 SACL _FineOaclmage ;Save the image 1 

:Loop done unless there is an overflow 
BSAR 15 :sign extend the 32 bit number 1 

BCND Pin_Pos_OV.GT :If greater than zero, +overflow 2 

CMPL :Ones complement the Ace 1 

15 BCND Pin_Neg_OV.GT :If greater than zero. - overflow 2 

B SwitchRef :Do the quad sum loop 4 
Pin Pas OV 

LACC #MaxPos :Write Out Max Positive value 2 

SACL _FineDaclmage ;Save the image 1 

20 XOR Sign_Bit ;Add in the zero offset (8000H) 1 

SA.MM Fine OAC :Write out the value 1 - -
B SwitchRef 4 

Pin_Neg_OV 
LACC #MaxNeg ;Write Out Max Positive value 2 

25 SACL _FineDaclmage ;Save the image 1 

XOR Sign_Bit :Add in the zero offset (8000H) 1 

SA.MM _Fine_OAC :Write out the value 1 

B SwitchRef 4 

Read the forward sense and quad sum values 
30 Fwd Sense 

SACL Int_QSum :Save the Quad Sum Value 

Get the forward sense value 
LACC #FwdSen_AfJC .Get the Forward Sense Address 

SA.MM MJC Addr .Tell the converter to start 

35 LACL Int_QSum .Load it for modif1cat1on 

BSAR 6 .Make it a 10 bit value 
ANO #03FFH Make it positive 
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SACL lnt_QSum :Save the Forward Sense Value 
~ 

RPT #3 
NOP 
SAMM Clock_ High :Take the converter clock high 1 

5 RPT #1 
NOP 
SAMM Clock_low :Take the converter clock low 1 
NOP 
NOP 

10 SN-1M Clock_ High :Take the converter clock high 2 
LAMM ADC_Oata :Get the result of the conversion 
BSAA 6 :Make it a 10 bit value 
ANO #-03FFH :Make it positive 
SACL Int FwdSen :Save the Forward Sense Value -

15 SwitchRef 
L#1M _Ctrl_Image :Get the control image 
AND #0008h :See if the laser is on 
BCNO TimeEnd.EQ :If laser is off don't switch ref 
LN-1M _Ctrl_Image :Set up for Quad Sum Reference 

20 AND #-Ref _Select ;Clear the bit 
SAMM Ctrl Port :Write it out - -
SAMM _Ctrl_Image 

TimeEnd 
;debug 

25 LN-1M _Ctrl_Image :end of interrupt 
ANO #OFOh 
SN-1M Ctrl Port - -
SN-1M _Ctrl_Image 

:debug 
30 RETE ;T1mer interupt process1ng 

RCV RETE :Serial Rx (Should not happen) 
XMT RETE .Serial Xm1t (Should not happen) 
TDMRCV RETE :TOM Ser1al Rx (Should not happen) 

35 TOMXMT RETE .TOM Serial Xmit (Should not happen) 
************************************************************************** 

Corrmand Interupt Handler. Interrupt 4 
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;*********************************************~**************************** 

CMO Intr 
BCNO CMO_Stat.BIO ;If BIO=O.then see is a comnand or stat 
SETC XF :else Set the XF Bit and 

5 RETE :Return 
CMD_Stat 

LOP #OOOh ;Point to page 0; 
BIT TSPC.Bit8 :Test Bit 8 of the TSPC (Direction) 
BCNO Oir_Eq_High,TC :If Direction is 1 the See if Old c 1 

10 BIT _Ond_Bits.Bitl :Test the Old Direction bit 
BCNO CMO_Complete,TC :Branch if Old Dir - 1 & Dir c O 

Next Status ;Old DircO,DircO c> ship next status: 
BIT _Cmd_Bits.Bit2 :T~st the send MSByte or LSByte 

15 BCNO Stat_MSB.TC :Branch MSByte then branch 
Stat LSB 
:Note Old Status bit is set 

MAR *.ARI :Make ARI active 
SAR AR.1.0ldAR ;Save ARI 

20 LAA AR.l._Cmd_Buff_Point ;Load the pointer into AR.l 
LACC *+ ;Load Status into the Accumulator 
SAMM Cmd Port ;Write Out the Status: 
SAR ARI._Ond_Buff_Point ;Save The Status Pointer 
LAA AR.1.#_Cmd_Bits ;Toggle the MSByte/LSByte Bit 

25 XPL #00004h,* :Toggle Bit 2 of the Crnd_Bits 
LAA AR.1.0ldAR :Restore ARI -CLRC XF :Clear the Acknowledge Bit 
RETE :Exit interupt 4 

Stat MSB 
30 MAR *.AR.l :Make ARI active 

SAR AR.1.0ldAR :Save ARI 
LAR ARl._Cmd_Buff_Po1nt :Load the pointer lnto ARI 
LACC *.8 :Load Status shifted 8 into the Ace 
SACH Cmd Port :Write Out the Status: 

35 :The Status Pointer 1s unchanged 
LAR ARl.#_Cmd_B1ts :Toggle the MSByte/LSByte Bit 
XPL #00004h.* .Toggle Bit 2 of the Cmd_B1ts 
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10 

lAR Ml.OldM 
CLRC XF 
RETE 

r 

Oir_Eq_High 
BIT _Cmd_Bits.Bitl 
BCND New_CMO.NTC 

Next CMD 

BIT _Cmd_Bits.Bit2 
BCND CMO_MSB,TC 

CMO_LSB 
:Note Old Status bit is set 

MM *,Ml 

55 l 

:Restore Ml 
:Clear the Acknowledge Bit 
;Exit interupt 4 
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:Test the Old Direction bit 
:Branch if Old Oir "" O & Oir "" 1 
:Old Oir-=l.Ofr-=l -=> get next and word: 
:Note Old Status bit is set 
:Test the send MSByte or LSByte 
:Branch MSByte then branch 

15 SAR ARl.OldAR 
:Make Ml active 
:Save Ml 

LAR Ml._Cmd_Buff_Point :Load the pointer into ARI 
LAMM Ond Port :Load COllllland into the Accumulator 
AND #OOFFh ;Clear the MSBits 
OR * :Or with the MSByte 

20 SACL * :Save the command word 
:if ARI > Comnand Buffer+ Comnand Buffer Lenght then dee ARl 

LAR ARl.#_Cmd_Bits :Toggle the MSByte/LSByte Bit 
XPL #00004h.* :Toggle Bit 2 of the Ond_Bits 
LAR Ml.OldAR :Restore Ml 

25 CLRC XF :Clear the Acknowledge Bit 
RETE :Exit interupt 4 

New CMD 
LAMM Cmd Bits :Get the Comnand Bit Register 
OR #00006h :Set the Old Dir and MSB/LSB bits 

30 SAMM Ond Bits :Save the new comnand bits 
MAR *.ARI :Make ARl active 
SAR ARI .OldAR ;Save ARl 
LAR ARl.#_CMD_Buffer :Load ARI to the start of Cmd Buffer 
MAR *-.ARI :Decrement the pointer 

35 SAR ARl._Cmd_Buff_Point :Save it in the pointer 
B Save CHO MSB 

CMO MSB 



HAR 
SAR 
LAR 

Save_CMO_MSB 

*.AIU 

Ml.OldAR 
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:Make Ml active 
:Save Ml 

Ml._Cmd_Buff _Point :Load the pointer into Ml 
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5 LACC _Cmd_Buff _Point ;Get the Pointer Value 
:Subtract the start of the buffer + Length - 1 

SUB #C_Q-10_Buffer + CBL - 1) 
BCNO Save_Cmd_Point,GEQ :Branch if at the end of the buffer 
HAR *+,AR.1 :else increment the pointer 

10 Save_Ond_Point 

15 

20 

25 

30 

35 

SAR 
LACC 

AR.1._Cmd_Buff _Point ;Save The Coomand Pointer 
Cmd_Port.8 :Get the MSByte data in Acc. shl 8 

SACL * 

LAA 

XPL 
AR.l.:ff_Cmd_Bits 
#00004h.* 

LAR ARl.OldAR 
CLRC XF 
RETE 

:Store the coomand into the buffer 
;The Status Pointer is unchanged 
;Toggle the MSByte/LSByte Bit 
:Toggle Bit 2 of the Cmd_Bits 
;Restore AR.1 
;Clear the Acknowledge Bit 
:Exit interupt 4 

CMD_Complete 
LAMM Cmd Bits ;Tell Kernel a CO!lllland is ready 
OR #OOOOlh :Set the Command Ready bit 
AND #OFFFDh ;Clear Old Direction bit 
SAMM Cmd Bits ;Save the new comnand bits 
LAMM IMR ;Get tile Interupt Mask Register 
AND #OFEFFh :Clear interupt 4 enable bit 
SAMM IMR :Disable interupt 4 
RETE :Exit interupt 4 

TRP RETE :Software trap (Should not happen) 
NM I SR RETE :NMI interupt (Should not happen) 
·********************************************************k******************** 

Program Name 
Description 
Part Number 
Date 

C50 Imt.asm 
DSP Initial1zat1on for 4x 5 25" 
562096 
8112/93 
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O/S 
Compiler 
Support Packages 
Author 
Required Files 

Hardware Required 
Ins ta 11. Instr. 
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N/A 
TI TMS320C2x/C5x Compiler. #TMDS3242855-02.Rel. 6.0 
N/A 
Dave Schell 

: Drive.c.Interupt.asm.C50_init.asm,Seek.c,Drive.h 
: Reca·l .c 

Part I XXXXXX 
link in.with Drive code 

Operating Instr. N/A 

Rev History 
Date Rev C# Init 

4/14/94 XA 00 · DLS 
Change Description 

Initial Release 
:******************i********************************************************** 

15 .include SimSet.equ 

20 

25 

30 

Vel Table -

35 

.title "Processor Initialization. CSO INIT.asm" 

.nmregs 

.ref 

.ref 
ISR1.ISR2.Tach.CMD_Intr.Timer 
RCV. XMT .. TOMRCV, TDMXMT. TRP .NMISR. Sign_ Bit 

.ref _main._c_int0._Count_20_LSW._Cmd_Bits._Ctrl_Image 

.ref _Stat_Buffer._Count_20_MSW._TachUpLimit._TachLowLimit 

.ref Focus_Nl.Focus_N2.Focus_N3.Focus_D2.Focus_D3.Focus_G 

.ref 

.ref 
Fine_Nl.Fine_N2.Fine_N3.Fine_02.Fine_D3.Fine_G 
Crs_Nl,Crs_N2.Crs_N3,Crs_02.Crs_03.Crs_G.Pin_G 

.ref _FineOacZero._CrsOacZero._Foc_Err_Cnt._Focus_Limit 

.ref _Fine_Err_Cnt._Fine_limit 

.def _init_regs._Vel_Table._InverseTime._Read_Sense 

.def 

.def 
_Write_Sense._ReadMSimage._ReadLSimage,_WriteDaclmage 
_MaxRPP._MinRPP 

.usect V_Table.180h :Seek Velocity Table RAM Area 

.bss InverseT1me.25 :Inverse time table for seeks 
bss Read Sense.I :Laser Read Sense Desired Level 
bss Write Sense.I .Laser Wr1te Sense Oes1red Level - -
bss -ReadMSlmage.l .Laser Read OAC Bit Image 
bss -ReadLSlmage.l .Laser Read DAC B1t Image 
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.bss _Writeoaclmage,l 

.bss _MaxRPP.l 

.bss _MinRPP.l 

'" ·1 '.' 
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:Laser Write OAC 16 Bit Image 

:Max RPP Value seen during a jumpbaek 

:Min RPP Value seen during a jumpbaek 

5 : Abs(Nl)+Abs(N2)+Abs(N3) must be < 1 to prevent over flow 

: Abs{02)+Abs(03) must be < 1 to prevent over flow 

:Vo(n)c-(02*VoCn-1)+03*VoCN-2))+(-1)*2*Gk(0.5*(Nl*Vi(N)+N2*ViCN-l)+N3*ViCN-3)) 

Foe Nl .set -8192 :Foe Loop Const.-Nl/4, -1. 000*2'''13 

10 Foc_N2 .set -877 :Foe loop Const,-N2/4. -0.107*2 ... 13 

Foe_N3 .set 7315 :Foe Loop Const.-N3/4, .893*2Al3 

Foe 02 .set -11665 :Foe loop Const.-02. -.356*2A15 

Foe 03 .set -4456 :Foe Loop Const.-03. -.136*2Al5 

Foe G .set 167 :Foe Loop Gain Const. 4*36.059(*1.16??) 

15 

;Vo(n)=-(02*Vo(n-1)+03*VoCN-2))+(-1)*2*G*(0.5*(Nl*Vi(N)+N2*ViCN-l)+N3*ViCN-3)) 

Fin Nl .set 8192 :Fin Loop Const. Nl/4. 1.000*2 ... 13 

Fin N2 .set 877 :Fin Loop Const. N2/4, 0.107*2Al3 

Fin N3 .set -7315 ;Fin Loop Const. N3/4. -.893*2 ... 13 

20 Fin 02 .set -11665 ;Fin Loop Const. -02. -.356*2 ... 15 

Fin 03 .set -4456 :Fin Loop Const. -03. -.136*2 ... 15 

Fin G .set 34 ;Fin Loop Gain Const. 4*8.583 

:Vo(n)=-(02*Vo(n-1)+03*Vo(N-2))+(-1)*2*G*(0.5*(Nl*Vi(N)+N2*Vi(N-l)+N3*Vi(N-3)) 

25 Cr Nl .set 8192 :Crs Loop Const.-Nl/2. Cl. 000/4)*2 ... 15 

Cr N2 .set 203 :Crs Loop Const.-N2/2. (0.02482/4)*2 ... 15 

Cr N3 .set -7989 :Crs Loop Const.-N3/2. (-.97518/4)*2 ... 15 

Cr 02 .set 11893 :Crs Loop Const.-02. ( 1.4518/4 )*2A15 

Cr 03 .set -4703 ;Crs Loop Const.-03. (-.57412/4)*2 ... 15 

30 Cr G .set 7 ;Crs Loop Gain Const. 6.991 

Pn G .set 7 .Pinning Loop Gain Const. 7.309 

V TBL sect "vectors" 
35 

RESET B c into .This section will be loaded in 
:program memory address Oh 



5 

10 

15 

20 

25 

30 

35 

INTl B 

INT2 B 

INT3 B 

TINT B 

RINT B 

XINT B 

TRNT B 

TXNT B 

INT4 B 

.space 
TRAP B 

NMI B 

.text 
_init_regs CLRC 

LOP 
.if Simulator c 1 

ISRl 
ISR2 
Ta ch 
Timer 
RCV 
XMT 
TOMRCV 
TOMXMT 
CMO Intr 
14*16 
TRP 
NM I SR 

OVM 
#OOh 
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:INITl- begins processing here 
:INIT2- begins processing here 
:lNIT3- Spindle Motor Tach intr 
:Timer 1nterupt processing 
:Serial Rec1eve processing 
:Serial transmit processing 
:TOM Serial Recieve processing 
:TOM Serial transmit processing 
:INIT4- begins processing here 
:14 words 
:Software trap processing 
:NMI interupt processing 

:Allow nornal Overflow in Ace 
:Load the Data Pointer to OOh 

Need the next line to work with the simulator only. 
SPLK #0800h,PMST :IPTR = 0800h, clear the rest 

Need this to work with real system . 
. else 

SPLK #0810h.PMST ;Put SARAM into program memory 
;and set IPTR c 0800h 

.end1f 
SPLK #OOh,CWSR :Wait states are small and short 
SPLK #OOh,PDWSR ;Set O wait states for ext mem 
SPLK #OFF09h,IOWSR :0.1.& 2 wait states at 40MHz 
SPLK 1/399.PRO :20uS period timer. (50ns*(400-l)) 
SPLK #20h.TCR ;Reload and Enable the timer 
SPLK #OlOCh. IMR ;Disable all interupts except the 

;timer. tach (lntr 3) and 
:Comnand Interupt (lntr 4) 

ZAP :Zero the accumulator 
LOP #_Count_20_LSW .Point to the memory locat1on 
SACL Count 20 LSW .Zero the 20us count registar. 
LOP #_Count_ 20 _ MS~J .Po1nt to the memory location 
SACL Count 20 MSW .Zero the 20us count reg1star. 
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LOP #_TachUpUmit :Point to the memory location 
SACL _TachUplimit :Zero the Tach Pulse check limit 
LOP #_Tachlowlimit :Point to the memory location 
SACL _Tachlowlimit ;Zero.the Tach Pulse check limit 

5 LOP #_Stat_ Buffer :Point to the memory location 
SACL _stat_Buffer ;Zero the Status Buffer: 
LOP #_Cmd_Bits ;Point to the memory location 
SACL Cmd Bits :Zero the COll11\and Bits registar; 

:Reset should have cleared the Control Port. Now Clear the image. 
10 LOP #_Ctrl_Image :Point to the memory location 

SACL _Ctrl_Image :Zero Control Port memory image 
: Show that the Velocity Table has not been initialized 

LOP #_Vel_Table :Initialize Vel Table·to -1 
SPLK #-1._Vel_Table :Say the table is not initialized 

15 Show that the Inverse Time Table has not been initialized 
LOP #_InverseTime 
SPLK #-1._InverseTime 

:Initialize Inverse Time to -1 
;Say the table is not initialized 

Initailize the Servo Loop Compensation Values 
LOP #Focus_Nl ;Point to the memory location 

20 SPLK #Foc_Nl.Focus_Nl :Store the initial value 
SPLK #Foc_N2.Focus_N2 :Store the initial value 
SPLK #Foc_N3.Focus_N3 :Store the initial value 
SPLK #Foc_02.Focus_02 :Store the initial value 
SPLK #Foc_03.Focus_03 :Store the initial value 

25 SPLK #Foc_G.Focus_G :Store the initial value 
SPLK #Fin_Nl.Fine_Nl :Store the initial value 
SPLK f/Fin_N2.Fine_N2 :Store the initial value 
SPLK llfl n _ N3. Fine_ N3 :Store the initial value 
SPLK #Fin_02.Fine_D2 ;Store the initial value 

30 SPLK #Fin_03.Fine_03 ;Store the initial value 
SPLK #Fin_G.Fine_G ;Store the initial value 
SPLK #Cr_Nl.Crs_Nl :Store the initial value 
SPLK #Cr_N2.Crs_N2 ;Store the initial value 
SPLK #Cr_N3.Crs_N3 ;Store the init1al value 

35 SPLK #Cr_02.Crs_D2 .Store the initial value 
SPLK #Cr_03.Crs_03 .Store the in1t1al value 
SPLK #Cr_G.Crs_G .Store the in1tial value 
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SPLK #Pn_G.Pin_G :Store the initial value 
SPLK #08000h,S1gn_Bit ;Store the 1n1tia1 value 
SPLK #0._fineOacZero :Store the initial value 
SPLK #0._CrsOacZero :Store the initial value 

5 SPLK #0._foc_Err_Cnt :Store the initial value 
SPLK #07FfFH._Focus_Limit :Store the initial value 
SPLK #0._Fine_Err_Cnt ;Store the initial value 
SPLK #07FFFH._Fine_Limit :Store the initial value 
CLRC INTM :Enable interupts 

10 RET ;Return to the calling program 
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What is claimed :-

1. An optical disc system of the type having a focusing mechanism 

and a tracking mechanism, the mechanisms being controlled by a feedback 

loop, the system further having a laser light source, and a magnetomotive 

field generator for subjecting a magneto-optical storage medium to a 

magnetic field, wherein the focusing mechanism focuses light emitted by the 

light source onto the medium to effect writing of information thereon, said 

system comprising: 

an electronic circuit for generating a servo error signal, said error 

signal being communicated in the feedback loop for effecting corrections of 

said focusing mechanism and said tracking mechanism; 

an optics module tor processing light produced by the laser light 

source; 

a laser driver for energizing the laser light source, said laser driver 

being positioned in close proximity to said optics module and the laser light 

source to reduce noise in signals associated with said optics module; 

a bias coil disposed in the magnetomotive field generator; 

a bias coil driver switchably connected to said bias coil for supplying 

an electric current thereto; 

a current monitoring circuit connected to said bias coil driver having 

an output responsive to said electric current; and 

a controller connected to said output of said current monitoring circuit 

and connected to said laser driver, said controller thereby enabling said 

laser driver when said output of said current monitoring circuit exceeds a 

predetermined magnitude so that information processed through said 

focusing mechanism is written onto the medium when the electric current 
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flowing in said bias coil exceeds a threshold. 

2. A magneto-optical disc system of the type having a laser light 

source, a magnetomotive field generator for subjecting a magneto-optical 

storage medium to a magnetic field, and a mechanism for focusing light 

emitted by the light source onto the medium to effect writing of information 

thereon, said system comprising: 

an optics module for processing light produced by the laser light 

source; 

a laser driver for energizing the laser light source, said laser driver 

being positioned in close proximity to said optics module and the laser light 

source to reduce noise in signals associated with said optics module; 

a bias coil disposed in the magnetomotive field generator; 

a bias coil driver switchably connected to said bias coil for supplying 

an electric current thereto; 

a current monitoring circuit connected to said bias coil driver having 

an output responsive to said electric current; and 

a controller connected to said output of said current monitoring circuit 

and connected to said laser driver, said controller thereby enabling said 

laser driver when said output of said current monitoring circuit exceeds a 

predetermined magnitude so that information is written onto the medium 

when the electric current flowing in said bias coil exceeds a threshold. 

3. The system according to either claim 1 or 2 wherein said controller 

includes a microprocessor. 

4. The system according to claim 3 wherein said microprocessor 

samples said output of said current monitoring circuit during an interval 
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when said output of said current monitoring circuit is less than said 

predetermined magnitude, and predicts a time when said output of 

said current monitoring circuit exceeds a predetermined magnitude. 

5. The system according to either claim 1 or 2 wherein said current 

monitoring circuit includes a resistor divider, and an analog-to-digital 

convertor coupled to said divider. 

6. A method for writing information onto a magneto-optical storage 

medium, said method comprising the steps of: 

providing a magnetomotive field generator for subjecting a region of 

space to a magnetic field, said generator being responsive to an electric 

current flowing therethrough; 

disposing a magneto-optical storage medium in said region of space; 

conducting said electric current through said generator; 

monitoring a magnitude of the conducted electric current; 

providing an optics module for controlling and processing an energy 

beam from a source of radiant energy; and 

impinging the energy beam on the storage medium for writing 

information thereon when the monitored magnitude exceeds a 

predetermined level, said impinging step being contrblled by a source driver 

for energizing the source of the radiant energy, said source driver being 

positioned in close proximity to said optics module and the source of radiant 

energy to reduce noise in signals associated with said optics module. 

7. The method according to claim 6 wherein said generator includes 

a bias coil, and said electric current flows through said bias coil. 

8 The method according to claim 6 wherein said step of monitoring 
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is performed by sampling during a ramp-up of said current, and further 

includes predicting a time at which said predetermined level will be 

exceeded. 

9. The method according to claim 8 wherein said step of predicting a 

time is performed by linear extrapolation. 

10. The method according to claim 8 wherein said step of predicting 

a time is performed by referencing memorized calibration data. 

11 . An optical disc system for writing information onto a storage 

medium, the system being of the type having a focusing mechanism and a 

tracking mechanism, wherein the mechanisms are controlled by a feedback 

loop, said system comprising: 

an electronic circuit for generating a servo error signal; 

a laser light source; 

an optics module for processing light produced by said laser light 

source; 

a laser driver for energizing said laser light source, said laser driver 

being positioned in close proximity to said optics module and said laser light 

source to reduce noise in signals associated with said optics module; 

a magnetomotive field generator for subjecting the medium to a 

magnetic field; 

a bias coil disposed in the magnetomotive field generator; 

a bias coil driver switchably connected to said bias coil for supplying 

an electric current thereto; 

a current monitoring circuit connected to said bias coil driver having 

an output responsive to said electric current; and 

a controller connected to said output of said current monitoring circuit 

and connected to said laser driver, said controller enabling said laser driver 
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when said output of said current monitoring circuit exceeds a predetermined 

magnitude so that information is written onto the medium when the magnetic 

field exceeds a predetermined threshold. 

12. The system according to either claim 1, 3, or 11 wherein said 

controller includes a microprocessor and said laser light source is controlled 

by digital signal processor firmware shown in Appendix B hereto. 

13. The system according to either claim 1, 3, or 12 further including 

a read sensor preamplifier connected to a data detector sensor to read 

information stored on the storage medium. 

14. The system according to claim 13 wherein said read sensor 

preamplifier is positioned in close proximity to said laser driver to reduce 

noise in signals associated with said optics module. 

15. The system according to either claim 1, 3, or 12 further including 

at least one servo sensor preamplifier connected to a corresponding servo 

detector. 

16. The system according to claim 15 wherein said at least one servo 

sensor preamplifier is positioned in close proximity to said laser driver to 

reduce noise in signals associated with said optics module. 

17. The method according to claim 6 including the further step of 

providing a read sensor preamplifier connected to a data detector sensor to 

read information stored on the storage medium. 

18. The method according to claim 17 including the step of 
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positioning said read sensor preamplifier in close proximity to said laser 

driver to reduce noise in signals associated with said optics module. 

19. The method according to claim 6 including the further step of 

providing at least one servo sensor preamplifier connected to a 

corresponding servo detector. 

20. The method according to claim 19 including the step of 

positioning said at least one servo sensor preamplifier in close proximity to 

said laser driver to reduce noise in signals associated with said optics 

module. 

21. An optical disc system operated in accordance with the method 

recited in any of claims 6 to 10. 

22. An optical disc system operated in accordance with the method 

recited in any of claims 17 to 20. 


