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Maverick 270/540 AT 
Training 

Prepared for Compaq 
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AGENDA 

D PROGRAM OVERVIEW --- MIKE HENNINGS 

D ELECTRICAL --- TOM HUGUNIN 

D FIRMWARE --- BOB MOORE 
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Maverick Product Leverage 

RRR TB 
PCB HDA 

36Mb/s 3600 RPM 

- 270/540MB -- 50°/o Sliders -
Maverick 

PCB HDA PCB HDA 

RoadRunner Thunder Bolt 
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Drive Configuration - Electronic 

Changes From RoadRunner PCB 

• Read Channel - Ryan II .... Inu Tested to 36 Mb/s 

• Synthesizer - Sakana II .... Sakana Tested to 54 MHz 

• 8011 Read Filter .... 8012 Read Filter 

• ECLPreamp ... Hitachi or VTC TTL 

•PCB Fab .... > 96 °/o RoadRunner 

• Form Factor ----1 ... ~ Ryan 44 PQFP Package 

----1 ... ~ 3.9 mm Jumpers 

... TB IfF Connector 

MH 6/21/94 
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Drive Configuration - Firmware 

Changes From RoadRunner Code 

• RoadRunner code 

• No Changes in Features, Functions, Test Process, Host Interface, etc. 

• Capacity or Yield Related Changes Only 

• Leveraged Customer Qualifications 

• If a Customer Qualifies RoadRunner Code, Maverick Code is 
Qualified 

MH 6/21/94 



Drive Configuration - HOA 

Changes from ThunderBolt HDA 

• 3600 RPM Spindle Motor ... Lower Data Rate/Lower Power 

• 7 Gram Load wfModified Rails ... Proper Fly Height at New RPM 

• 50°/o Sliders ... Increased Data Stroke 

• New OD Crash Stop ... More Tracks/ Lowers FCI 

• One Side VCM Magnets ... Reduced Seek Spec 

• Redesigned Flex Circuit wfNew Preamp ... Interface RRR PCB to TB HDA 

• Add RRR PCB Mounting Holes ... Interface RRR PCB to TB HDA 

• Slots in Base for Push Pin Servowriter ... Servowrite w/Cover On 

• Machined Surface on E-Block ... Reliable Push Pin Contact 
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Program Status 

D Maverick AT Mass Production Began 5/31 

• 2500 units/day @ >90°/o yield 

D DMT Testing Complete 

D Compatibility Testing in Progress 
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Cifiln?tibilit:W~est,Engjneering 
~';Af.iiVl~ick Tesliif'gtif av <10111paq 
i~lfufl~S PFoQrives now beillgtested. 

···· ,:~tfirtedtestipg ~ith earliest versions through PMP. 

t~IY 40 tlijlt~§ i,n Compatibility te§t!i11.r 

, 1§iQn§ b~}~g1,t~sted concJ~~~IltlY~''1 
ie~~f ¥11t,.are i~fh~;tf!lt matrix. .. 
~ ITW1··~QS.P?OS matrixis pearly complete~ 

» ROM 6 & FWA.06~p~06 appro~ 40% through the fol 
Compaq matrix~ 

• New Tests from Corripag fi!t-Me,l:>een inc9tpQrated. 
- Compaq FixedTest 

- DOS62.BAT 
'" --- ' 

• ''Smoothest new product testing. :we~ve ever had" 
Quantum· 



Next on the Test Plan 

'- .:,v : .· , .... 

• tj~ility Matrix;~,},: :: 
' . '£ .. . . . . .... : . 

= ~~-~gs~!~ ~~wOBE~tll) 
'4i# :.:r· .>·.~ .. , 

\;·;,··:.··<·. .· ... 
.::.;,;., ' .. , !,; 

• Network T~~ji~ 
... :;,.7 4:,f". 

- Novell Netware 3.1-" .. &.& ...... ~ 
·• ,:.;:.:· 

• Features Testing 
- Power Management 

-DMA 

JRF 6/94 Quantum· 
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MAVERICK 

ELECTRICAL 

Presentor: Tom Hugunin 
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Maverick 270/540 
For Compaq Computer 

By Tom Hugunin 



DESIGN PHILOSOPHY 
ROADRUNNER+ THUNDERBOLT =MAVERICK 

RRR TB ... PCB HDA -... -
36Mb/s 3600 RPM 

270/540MB 
50% Sliders 

Maverick 

PCB HDA PCB HDA 

RoadRunner Thunder Bolt 

Maverick 270/540 



SYSTEM 
HOA 

SPM 

SPM 
DRIVER 

VCM 
DRIVER 

POR 
CHIP 

Maverick 270/540 

NEC 
78352 

VCM 
SPM 
CTRL 

CTRL 

DATA 

ADDR 

PWM 
FILTER 

RAW SA,SB RD/WR 
DATA BA.BB CTL 

~---t PWM 

MSCLK 

SERIAL ,__, ___ __, BUS 

NEKO 

POR B ADDR BDATA 

ADD DATA CTRL 

DRAM 
(64K X 16) 

Maverick AT PCB Block Diagram 

8 DATA (0-15) 

ATE-IDE BUS 

IDE CONTROL BUS 



SERVO-MECHANICAL 
TPI 2950 

TRACK PITCH 339 µin 

USER CYLINDERS 2853 

ROTATIONAL SPEED 3600 rpm 

SERVO SAMPLES/REV 78 

SERVO SAMPLE RATE 4.68 KHz 

SERVO SAMPLE TIME 214 µs 

SERVO BANDWIDTH 350 Hz 

AVERAGE SEEK TIME 14 ms 

Maverick 270/540 



SERVO MECHANICAL 
COIL RESISTANCE 

HEAD RADIUS 

INERTIA 1 DISK 

INERTIA 2 DISK 

Ktorque 1 DISK 

Ktorque 2 DISK 

Maverick 270/540 

16.2 Q 

5.98 cm 

50 g-cm2 

60 g-cm2 

712 g-cm/amp 

787 g-cm/amp 



SERVO ARCHITECTURE 
EMBEDDED SERVO 

DIGITAL COMPENSATION SYSTEM 

ESTIMATOR BASED SEEK SYSTEM 

DIGITAL PIO BASED TRACK FOLLOW 

Maverick 270/540 



SERVO RECAL 
Initialize servo parameters to defaults. 

Start Spindle. 

Wait for spindle to reach 3600 rpm. 

Unpark actuator. 

Map all heads. 

Calibrate course head gains. 

Lock onto track. 

Calibrate fine head gains. 

Calibrate torque bias. 

Maverick 270/540 



SERVO RECAL 
Calibrate seek velocity. 

Seek to track zero. 

Maverick 270/540 



SERVO WRITE UNSAFE CRITERIA 
2 Bad syncs or SAM's in a row. 

2 Track ID errors in a row. 

Bumped Wedge > 1 Oo/o 

Defect Wedge> 40 % 

Out of speed error > 0.3°/o 

Maverick 270/540 



SERVO WEDGE 

"' 
,... ,... ,... ,... 

A A A A A I 0 'II .. • C) .. .. .. .. .. 
'J 'J 'J 'J 'J 
Cl 0 .. 0 N 
N N n n N 

Oray Code Traokit( 

G.41Su.e (3t. ~ 15.DISu.eci ~.4.u•I 2.4.u.•I 2.4.u•I 
(:It.) (3t.) (3t.) 

1 -- IDX,T1l,Tl0 .•...• -TO 
.uuU• ... , •• - i.00100000 

10000000000000 :n. e~ Su• 
loooooo;oooooo ••o-• - lOOi.?D~ 

AGC/SYNC SAM GREY A B c 
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READ WRITE ARCHITECTURE 
ZONE DENSITY RECORDING 

PROGRAMMABLE EQUALIZATION 

ECC ON THE FLY ERROR CORRECTION 

ID AFTER WEDGE FORMAT 

Maverick 270/540 



READ WRITE 

PROGAAMMABl 
EFILTER SYNTHESIZER 

4 COlftllOL 4 

r- - r- -• r 
PREAMP 

c:=>·:5IJ.... IC & PULSE .... DATA 
WRrTE SYNCHRONIZER EN DEC DETECTOR r- 1--DRIVER ~ +- t-

HOA I • 11 ; -
m DATA 

I • 
PEAK SERVO 

I DETECTOR 11 L.., CONTROi. 
BLOCK 

·l • 
I r ~ 11 AID 

SERVO ~ CONVERTER c RYANll NEKO 
R_EAD CHANNE~ 

-
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READ WRITE 
HEADS 

SLIDERS 

ENCODING SCHEME 

MAXIMUM DATA RATE 

Maverick 270/540 

THIN FILM 

50% 

1,7 ALL 

36.08 Mb/S 



READ WRITE 
MAVERICK 540 TRACK LAYOUT 
11-·IO-Wedgo Lui-= 2116'1'4 3211PM 1-I uSec 
AoqClip 

541. ___ 

10~ 9 -- 2 e>erc¥ IOAM - • IOOo• 8 - 1.7992" IOCAC 3 
Aid 0.8301. IOl'ld - O.M11 • TOCOI 23 - 35411.541Pf11 
TIQI 1-.llOO uS.C Oolabytoo 112 
FIQI &e.9923 Hz Do• 8rtlc 13 
TP1 2950.0 O..AM 2 
Toe.- 2851 O..EOC 1• 
T- 1ee Oo1a Pod 3 
n.x.FCI - Toe. bytoo 54' "" '"'""- 100.01% Spll- 11 Cl9 
T-Clp 541.5721 - bytoo ~Gop 3 1.21 
u.or-. 106n58 -... 

Zono Zono- Zone Aid OWll Mo. Do•Ro• Felt ,,.,.. I\~ 
FC/ln. _l-._J_ _l_MH& .1_-.& _lnl!l._ 

00 1 7912 
av.- 1.7992 17972 I 32127 21.02 43.121 10.112 1U9 

0 1.7172 1.72e. 200 41508 30.08 54.118 13.521 9.24 
1 1.T.!e. 1.8755 159 •2143 30.08 54.118 13.521 9.24 
2 1.87" 1 Se.I 238 45011 30.08 54.118 13.521 9.24 
3 1.- 1.54'7 1411 45083 36.00 52.500 13.125 9.52 
4 1.$447 1.5013 128 45217 34.12 51.178 12.794 9.n 
5 1.5013 1.44n 158 45273 32.94 49.412 12.353 10.12 
I 1.44n 1.38'40 188 453119 31.58 47.:iea 11.842 10.58 
7 1.JNO 1.3237 171 45095 3000 45.000 11.250 11.11 
I 1.3237 1.2599 111 45209 28.83 42.941 10.735 11.84 
I 1.25111 1.1928 111 •5594 27.33 41.000 10.250 12.20 
10 1.1921 1.1313 158 45203 25.11 38.824 1.708 12.88 
11 1.1303 1.0686 238 44983 23.92 35.112 8.971 13.93 
12 1.0589 1.0188 118 455llO 23.33 35.000 1.750 14.21 
13 1.0118 01718 138 45044 22.00 33.000 8.250 15.15 .. 0.9711 09115 178 •5115 20.87 31.000 7.750 11.13 
15 09115 08301 2.0 44743 1817 28.000 7.000 17.11 
10 O.l301 2853 
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SNFq 
8nr Cl< 
SnrT 
SnrN 
N-
T-
T-

-....potreq. 
w -· 

Pre&Poel MX; 

~ Tlmo 
1.101 3.3015&M7 

48.00381ll07 II 

T-5-Blnllot>gtn• 

10- -·-JJi!l JJi!l 

1.34 149.97 
5.10 120.83 
5.10 120.83 
5.10 120.83 
5.21 124.34 
5.Jll 127.58 
5.51 132.11 
5.83 137.81 
1.13 1•5.07 
1.43 152.02 
1.73 159.22 
7.11 1118.15 
7.80 181.93 
7.et 11e.51 
t.30 197.82 
8.90 210.51 
9.18 233.14 

2t1M3889 MIU 
37.5111005n8ec 

1.8()1 uS.C 
•17~ 

11 .. ~ 
17 44&00e uS.C 

198.250 uS.C 

4879 . .011 Hz 
213.7029 -~ 

1.5007202 

'° 
17.440 

-. .. 1 

wl•-
I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 

§.41.57211 
100.01% 

SAM 
1.31117 

37 

~-

Tlmololl 
lual· 

Jll.111 
19.859 
19.859 
81.859 
85.984 
82.IH 
57.821 
51.850 
44.250 
30.182 
21.421 
20.0fl8 

1.827 
0.821 

188.7" 
118.185 
185.107 

(Pre& __ , 
(Talalal __ .,.,,_, 

, __ '", __ , 
S.VOH 1.1n 
f""OH 9.70'W. 

O...,OOclo DC A.ll&C-- (12bllo) 1- (Mdl) 
0.337182 4.061945 0.337112041 1.5757M225 

I 108 I 42 

486.00382 T 

- Spll Sect T*Sect ZonoCop 
&AMJl!!l 

...1. __ , 
..2!!..-

•.98 11 94 239300 
3.99 42 118 12032000 
3.99 •2 118 9585440 
3.99 •2 118 1431llOllO 
4.11 38 114 lll00671 
4.22 34 112 7307284 
4.37 30 108 8'88320 
4.58 27 104 9982491 
4.llO 20 17 8794824 
5.03 11 13 -5.27 11 .. 1170400 
5.58 5 83 8'731120 
1.02 ·1 71 9443840 
1.17 ·1 74 44'40578 
1.55 71 19 411311930 
197 15 15 5878272 
7.71 59 51 7065800 

~-
l!y!Ml!!!k • 



READ WRITE 
MAVERICK 270 TRACK LAYOUT 
11--ID-Wodgo 
U.llow: 2/lllM 3;2tPM l aw- I uSoc 
AoQCop 2101·--~ -- I08'n< - ....... IOAM - 2 ID OOla - 1.1'1112· IOCAC ... o-1· 10-- 0 ...... TOlll 23 - _ .. _ 
T"' ·--- °""'- 112 , ... 51.112:1 ... OOla 8'n< .. ,,., - °""' .... 2 r.c.--. - 17tt DllolCC •• T- Doll--.fO 

_ .. 
Tat¥- ... .... ~ 100.0•~ &j>ll- 11 

T .... Cop 270.7---
~°"" 3 t.29 

~- ... .,.. -
z- ,__ ,_ ... START °"' -- 0..- .... -CVUNDEll '°"' - - -00 1.11182 
-~ 1.11182 1.7112 _, 

I 32127 29.0IZ •3.129 IG.112 
0 1.7112 1.nM 0 200 

.. _ 
;M.OI 14.111 1U21 

1 1.1'2t4 1.1111 :zoo 161 '2M3 35.0I M.111 13.129 z 1.1156 ··- 381 231 "8011 35.0I M.111 13.121 
3 u ... ..... , 517 ... - 38.00 12.500 13.125 • ,_, t..6013 UI 121 '5211 )4.t2 51.179 11.1M 
I 1.5013 t.44n 173 151 '5273 32.M ...... 2 12.313 
I '·"" 1.3144 1 031 ... 413111 31.51 0.318 11."2 
1 ··- 1.3237 

~· "' - 30.00 46.000 11.250 
I 1.3237 1.2111 ·~I "' U2C!' Jl.13 42.Mt 10.131 
I ··- UNI 1 HS '" 455M 27.33 41.000 10.250 
10 ... ~ 1.1383 1713 151 46203 21.tl 31.124 l.70I 
11 1.1313 1.0688 .... 231 .. NJ 23.12 38.112 1.171 
II 1.0688 t.OtM 2171 111 - 23.33 36.000 1.160 ,, 1.0111 0.1111 ~ 131 ~ 22.00 33.000 1.250 

" O.IT1t 0.1111 HJI 111 46111 20.17 31.000 7.760 .. 0.1111 0.8301 2113 240 4'743 11.17 29.000 1.000 ID O.l30t TOTAL %863 
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.. 
ca. 

,.T_ 

_1"11 

...... 
U• 

U• 
t.2• 
t.62 
1.n 
10.12 

10.51 
ti.ft 

11.M 

12.20 
12.11 
13.13 
14.29 

16.16 

11.13 
17.M 

...... 291114-
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TRACK FORMAT 
M averick Tra 

ID -A fter-W 
ck F 
edge 

or m a t J 
W edge 

S er v o 
B u rs t 

DataSegment#l 

JD & Wiggle Field 

Servo B u rs t 

190.4 µs 

Data Segment #2 

1 2 . 4 µ s 

Pre -
B u rs t 

G a p 
1.35µs 

ID F 

A G C 
2.70µs 

i e 1 d 

JD 12 bit 
AM Grey 

925ns Code 

Sync Index 
2 . 7 µ s 

450ns 225ns 

11 
A c 

b u rs t 
1.05µs 

b u rs t 
l.05µs 

G a p 
2 2 5 n s 

B 
b u rs t 

1.05µs 

p 0 8 t -
bu rs t 
G a p 

6 7 5 n s 

26 bytes 

W ig g le 
Pad 

3 bytes 

D at a 

D at a 
Syn c 

1 3 
b y t e s 

ID Sync 
9 Bytes 

ID AM 
2 bytes 

Segment 

AM 
2 bytes 

Maverick 270/540 

ID 
D at a 

6 bytes 

D at a 
fie 1 d 

< = 5 1 2 
byte s 

ID C RC 
3 bytes 

ID P a d 
3 bytes 

Data Segment #3 

D at a 
EC C 

1 4 
byte s 

D at a 
P ad 

3 bytes 



TEST POINTS 

uu 

I cJ20 I c103 hml ~ 

0 ~r-;;-i :·: 1~·· 11;:1 l:Zll"''ll0 " ll~".I :~ L..::_J~ m R RI09 cno 10 6 + + >...., 0 

... ---. 
> 

>~SP 
.Ft1 OS 
~cs 

+12Y GND +5Y ~:;: ~ J11 

[] [] [] [] DO 0 n'OODOOODODODOOOOODDD ODDDDOOODODDDDODDDDO 

Maverick 270/540 

INDEX 



DIAG HINTS 
DISABLING POWER SAVE MODE: 

SUPER,SP O,DEPB 0 48h,WRCONF 16 

TURNING OFF READ AHEAD: 
CACHE OFF 

TRANSLATING LOGICAL TO PHYSICAL: 
SUPER,CLBA 

DISABLING RETRIES: 
SP O,ATRDCONF,RETRIES O,ATWRCONF 

Maverick 270/540 



ERROR TRIGGER 
Config page 12 byte O 

7 6 5 4 3 2 1 
Seq. Seq. Data Uncorr. ECG Corr. Wedge Seek Seek 

Time-out Error Error Error Error Fault Time-out 

Trigger Output is pin 34 of microprocessor. 

Diag command: 
SUPER,SP O,DEPB 0 020h,WRCONF 12 

Maverick 270/540 

0 
Servo 
Bum_Q_ 



·.·.·.• ·.·.·. ·.·.· ·.·.· ·.•.•.·.·.•.·.•.•.•.•.• ............. •••.•.· ... · ... ·.·.·.·••••••.· •.·.·.·.·.·. ·.•.•.· •.• ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.···:·:·.·:·:·:·:·:·:· ••. :.·::.:::.:::.:.::.:.:.:.:.:.:.:.::.:::.:.·:.: :: •. :: :·:=::::::::::::::::::::::::::::::::::::::;:;:;:;:;:::::::::::::::::;:;:;:;:;:;:;:;:;:::::; :-:·:·:·:·:·:·:·:·:·:·:·:=:=:=:=:·:·:·:·:·:·:·:·:·:·:·:·:·:·:-:::::::::::.:.:·:<·:·:·:·:···:·:-:· :-:.··:·:·:·:::·:::::::::::::::::::::::::::::::::::::::::·:-:-:·:-:·:···:·:·:·:·:·:·:·:·:·:-:-:::·: ::::~:::·:::::::::·:·:·:·:··.·.·.·.·.·.·. . 

MAVERICK 

FIRMWARE 

Presentor: Bob Moore 

SJ J i i ; . i S:~ i&imJiJiJJ JJiiiirJiJJJ iW E iii!JCJC iWiW . ' 

MH 6/21/94 



Quantum Firm ware Migration Path 

L - SERIES __ ..;m: __ ...... 

TERMINATOR 
,.... ____________ ....,.. ____________ _ 

BULLET 

PIONEER ROCKET 

Hyper write 

Main loop . 

TAKO 

BATMAN 

GEMINI 

MAGNUM 

SCSI interface 

MAUI 

Defect mgt 
SCSI interface 

Head mapping 

'"~·-·-····-----··-·-----·---~ 

~~~~-----~-:__-----------------~~~-_--------·------_. ENT ERP RISE 

UZI 

10 after wedge 
Seq microcode 

Defect mgt 

DAYTONA 

LIGHTNING 

Multi spares/cyl 

· .. ·/"• 

HUNDERBOLT 

ROADRUNNER 

Maverick 

AT interface 

AT ENSIGN 

ROADRUNNER 

EMPIRE 

Code baseline 

Functionality migration 



Maverick PP2 Firmware 
Differences from RoadRunner 

C~e Reason lm_E_lication 
Wiggle recovery procedure. Road.Runner used MIG head Possibly longer Sel.f5can time 

(JnPP2 F/W) design on their HOA. if test is added to determine 
Maverick HOA has thin film head susceptibility to 
heads as used on the Barkhausen noise. 
Thunderbolt HOA. Thin film 
heads known for 
"Barkhausen" noise 
phenomenon. Recovery 
procedure required for 
certain media related errors. 

Geometry parameter changes Different capacity. New TPI, Needed for capacity. 
(JnPPl F/W) maximum number of tracks, 

sectors~ track, etc. 
LBA mode support. 2 platter capacity exceeds Thunderbolt implementation 

(JnPP2 F/W) BIOS limited 528mb capacity. added. 
LBA mode added to support 
addressing above this limiL 
Note: Customers have 
devised alternate C:H:S 
methods to get around this 
limitation. LBA will become 
more standard in 1995! 

Adaptive Equaliz.atio~ Wider variety of heads and Longer test process time as 
(Jn Process Test at PP2) media combinations warrant the heads are optimized for 

maximizing each head for each surface. 
each surface. 

Cache algorithm. Increase probability of a Better benchmark 
(In PP2 F_E!!J_ cache hit. performance. 

External Diskware patches Free up Diskware space to None. 
moved to internal ROM. allow for new Diskware 

(JnPP2F/W) __p_atches. 
Interface fixes for IBM AT Road.Runner AT never went Will use Thunderbolt code as 
Loop tesL through an IBM Qualification a starting poinL Maverick 

(JnPP2F/W) so some IBM specific issues still needs testing IBM 
still remain. compatibility testing to 

identify _E_roblem areas. 

BobC 03/08/94 



Read Cache Optimization 
(Algorithm same as RRR) 

RoadRunneR 

MAVERICK 
Cache Change 

During Cache/Pref etch if the block of data requested is larger than the cache segment, the 
algorithm would extend the ending pointer into the next segment overlapping existing data 

thus setting the ''Dirty" bit in segment being "overlapped". If the next request for data was 
in the "dirtied" segment then data would be retrieved from disk. 

Maverick 
The handling of data in Cache was changed in that when a block of data requested is larger 
than the cache segment, the algorithm allows the segment to "overlap" the next, but without 

setting the "Dirty" bit of the segment being overlapped. What happens is the starting 
pointer for the segment being "overlapped" is moved and the data is left intact in the buffer 

for future retrieval from a cache hit. 

This allows higher throughput performance on random cache hits as the data is stored 

longer in cache. 

EXAMPLE: 

RoadRunneR 

3 

4 

Maverick 

3 

4 

~ISwtPoinier 

_Jes I End Poinl« 
--- Sej 2 Slal1 Poinier 

4/12194 
Ga.. 



FIBMWARE 
ORGANIZATION 

Defect 
Mangement 

Write 
Function 

Cache 
Mangement 

Read 
Function 

Error 
Correction 

Power On 
Reset 

Selftest & 
Initialzation 

Command 
Deeoding 

Host 
Command 
Handler 

Firmware organization 

Index & Servo 
Controls 

Recalibration 
Procedures 

Seek 
Control 

Diagnostic 
Command 
Handler 


