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Market Trends

The average hard drive capacity continues to grow at a
sustained 60% annual growth rate

Future growth spurred by:

800+ e
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600 multimedia systems
-
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Source: Dataguest
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Desktop Capacity Trends

Strong PC demand for advanced systems is driving a
dramatic shift upward in 1995 desktop capacities

e 420 and 540 MB for entry level systems
* 635 MB capacity to be used as differentiator by leading OEMs
e 850 MB and 1 GB for mid-range and performance systems

Desktop HDD Capacity Trends
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Source: IDC HDD Industry Model
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Product Roadmap lazer 420/635/850
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Program Overview

l Price Point Transitions |

01 1b1azer 420/635/850

$300
Fireball
Lightning 730 Trailblazer
Lightning 540 '
Maverick 540 Fl"ieba"
RoadRunner 420 Teailbl
Lightning 365 "\ m““'
Maverick 270
$130 —-
| . | |
[ I | |
Q1 Q2 03 o1

CY95
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Program Overview

I Marketing Objectives I

B Aggressively grow share at key market capacity points: 420/
635/850 MB

e Maintain position with RR 420 and LT 730 in CQ1
and early CQ2 until Trailblazer available

e Lead market in emerging 635 MB capacity point with
TR 635

B Sell Trailblazer 420MB staying power at entry level
throughout 1995, and Trailblazer 850MB as the critical
capacity point between 540MB and 1GB

B Get customers qualified in preparation for fast ramp in CQ2
e P2.5evals available mid-March
e PMP evals available mid-April
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Program Overview zer 420/635/850
B Low cost, value products targeted toward entry-level PC market
Product Concept in CY “95 and early ‘96

Three capacities allow coverage of the entry-level and mainstream
multimedia PC markets through program life

Revolutionary mechanical design

Highest value 420/635 /850 MB drives available in CY 95
Feature set matched to entry-level market segment
Quantum quality with fast production ramp

Key Attributes

Capacity ~ 420/635/850 MB B MiG Heads

Seek Time 14 ms B Firmware : Enhanced

RPM 4500 Roadrunner and Maverick
Buffer 128 KB B Interface: AT and SCSI

Small Office and Home Office (SOHO), Entry-level business systems
Windows(95), OS/2, and Macintosh operating systems, word
processing, spreadsheets, database, and edutainment apps.

Target Applications

. .qe B Eval Units March/April ‘95
Product Availability B Volume Availability May /June ‘95

l Product Specifications I
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Design Leverage i 1h1azer 420/635/850

(Thundg_r_l_)o]t_/Roadrunner

= NEC Microprocessor

- Integrated Read Channel

- Integrated, hall-less motors
- Embedded servo format

- Buffer controller & sequencer
- SCSI Interface

( -
Roadrunner

- Firmware

_ ctuator volce coil design l Trailblazer 420/635/850'

Lightning
- SCSI Plug-and-Play

(N ew Technology

- Mechanics

- AT interface

- Combo chip (VCM, motor & POR)

- Pre-amp, Read Channel

- Firmware : Multiple AutoRead/
AutoWrite, Double-burst ECC on-the-fly

Quantum° Quantum Confidential
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Product Comparisons

W0 D10z er 420/635/850

l Design Elecments '

l Trailblazer I

I Roadrunner/Maverick I

F OR

= Stamped Al. Base Cast Base
Cost = Mig Heads Thin Film Heads
= Integrated Motor Separate VCM,
& Controller Controller
Performance « PIOMode 4 PIO Mode 2
=« DMA Mode 2 DMA Mode 1
= 54 Mb/s Read Channel 36 Mb/s Read Channel
»  Multiple AutoRead/ AutoRead, AutoWrite
AutoWrite Adaptive Segmentation
» Enhanced Adap. Seg. 24 bit ECC On The Fly
» 48 bit ECC On The Fly Single Top Cover
w Dual Top Cover
Reliability » Advanced Drive Diag. Self Diagnostics
| = 5ICs 7 +1Cs
Quantum" Quantum Confidential Q
B ETTER SYSTEMS

QUALITY S TORAGE

_ — e d e i

i B 4 kA



Product Clomparisons

QL1 zer 420/635/850

I RoadRunner I | Maverick I Trailblazer '
Capacity (MB) 210/420 270/540 420/635/850
Interface AT /SCSI AT/SCSI AT/SCSI
Seek Time (ms) 14/12 14 14
RPM 3600 3600 4,500
Buffer (KB) 128 128 128
Data Rate (Mb/sec) 31.5 36 54
Transfer Rate (MB/s)
PIO 11 11 16
DMA 13 13 16
SCSI 6/10 6/10 6/10
Acoustics-Idle (dBA) 32 34 30/ 3.5 Bels
Power -Idle (W) 3.3 3.7 3.3
R/W (W) 45 5.2 4.5
FCS CQ4'93 CQ2'94 CQ2'95
Quantumr Quantum Confidential Q
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Competitive Overview 11110 zer 420/635/850

l Update on Competitor Availability I

"Evals Volume
Capacities Avail. Avail. Notes
C Steamboat 850/1275 Shipping Low Volume | Steamboat has mfging problems,
ONNEr 1 - po-2 425/850/1275 Dec. ‘94 CO1 ‘95 Cabo priced low to re-gain share
La Paz 635/1275 Sept. ‘95 CQ3/4 ‘95 La Paz to be led by 3 headed Cabo635
, , Drives in Disti channel and Tier 1
WD Sturgeon 425/850/1275 | CQ4 ‘94 CQ1‘95 | OEMs, New low cost mechanics
, , Limited mktg rumored due to high
Seagate Decathlon 420 ?, 850 CQ4 94 CQ195 cost structure, Lead qual is AT&T
. , ; Just introduced low cost 7000AV
IBM | Alladin 540/1080 CQ4 94 CQ195 No plan to have 420/840MB
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Trailblazer Qual Drive Allocation Matrix

As of 2/16/95
Feb (P2.0) March (P2.5) April (PMP)
Customer 420 AT 420S 630 AT 850 AT 8305 420 AT 420'S 630 AT 850 AT 850 S 420 AT 420S 630 AT 850 AT 850 S
Compaq 24 24 02 30 30 30 100 100 100
Apple 8 2 8 2 8 8 2 40 40 60 60
Digital 6 6 50 50
HP 7 5 5 40 40
Dell 2 30 30
IBM 10 10 25 25
AST 4 4 30 30
Acer 5 5 10 10
AT&T 20 20
NA Region 7 2 8 2 7 8 2
Packard Bell ' 10 10
Gateway 2000 2 2 10 10 10 10
Leading Edge 12 12
Intel 10 10
Micron 5 5 5 5
Mitsuba 22 22
Comtrade 2 2 2 2
Epson 10 10
Zenith 2 2 5 5 5 5
Micronet 5 5
Zeos 2 2 10 10
APAC Region 72 8 2 72 8 2 o
Daewoo 5 5 M',W
Trigem 5 S Am
Goldstar 5 5 )
Samsung 7 7
Leading Edge 5 5 -
Lucky Goldstar 5 5 5
IPC 2 2
ALR 1 1
FIC 2 2
Europe Region 7 2 8 2 7 2 8 2
Olivetti 15 15 ' 30 30
SNI 5 5 10 10 5
Apricot 12 12 -
Peacock 2 2
Escom - o 2 2
Vobis o 2 ~ :
Tulip - o 2 2 B
ICL - 2 2 10 10 T
Elonex :: ‘‘‘‘‘‘ 2 2 j:
Japan Region o 7 2 8 2 e
Fujitsu T 3 3 3 37 30 30 30
NEC - e X 30
LA Region N o 2 2 2 2 1010 0 10
Distribution - 3 3 3 3T 15 14 8 26 20 20 20 20
TOTALS P20 Total s PMP “Total
Total Tier 1 3224y 700 2 30 e 345 40 100 365 60 -
Total NA Region 7 2 0 8 T 2 0 12 71 24 0 71 247
Total APAC Region 7 2 0 8 .7 2 0 4w 5 0 0 32 0
Total Japan Region 0o 0 o o0 T s 0o 0 3% 0 60 30 ____
Total Europe Region 7 2 0 8 T » 2 0 30 70 10 0o 67 0
Total LA Region " T 22 2 10 10 10 10
Total Qual Drives 56 11 24 66 151 29 30 188 41 . 438 591 134 100 635 144 1604
Total Available s8 8 19 77 166 40 38 54 40 439 600 200 100 650 200 1750

(D822) TrB Qual Matrix



Competitive Overview

l Specifications Update I

i

ik

azer 420/635/850

Trailblazer Conner Conner Maxtor WD Seagate
420/635/850 Cabo Steamboat 7425 / 7850AV 1425 / 2850  Decathlon
Volume Shipment Q2 CY95 Q1 CY95 Q1 CY95 Q2 CY95 Q1 CY95 Q1 CY95
Formatted Capacity 424 / 850 | 425/635/850 850 426 / 853  |428/635/856 854
Head Technology MiG MiG Thin-film Thin-film Thin-film Thin-film
Interface Fast ATA-2 Fast ATA Fast ATA Fast ATA Fast ATA Fast ATA-2
SCSI-2 SCSI-2
Seek Time 14 ms < 15ms 12ms 12ms 10ms 11ms
RPM 4500 3600 4500 3551 4500 5400
Buffer 128K 64K 256K 64K 64K 256K
Data Rate 55 <50 60.4 43 42 61
(Mbits/sec)
Transfer Rate
(MB/sec)
AT PIO: Mode 3 Mode 4 Mode 3 Mode 3 Mode 4
Fast DMA: Mode 2 Mode 1 Mode 1 Mode 1 Mode 1 Mode 2
SCSI: 6/10 - - 6/10 -- -- -
Acoustics (Idle) 30dBA (1M)]| | 34 dBA (1M) | 38 dBA (1M) 3.5 Bels 37 dBA (1M) ?
Power (Idle) 3.3W 38/ 39W 3.9W 3.5/ 3.8W 4.6W 3W
MTBF 300,000 250,000 300,000 300,000 300,000 500,000
Quantum° Quantum Confidential
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Transition Plan

l Objectives l

B Ramp aggressively to optimize DPSG gross margin
W Satisfy major OEM qual windows
B Maintain/grow share at Tier 1 and strategic regional accounts

B Maintain flexibility in Distribution to ship either new or old
product as needed

l Tactics I “What we will do differently to be able to transition faster than before”

B Prioritize key OEM accounts for early shipments & qual support

B Develop a strategy with Sales for seeding a limited quantity of

“demo drives” (P2) at strategic regional accounts, based on drive
maturity

m Start quals with smaller OEMs and regional accounts at PMP even
if availability constrained

B Be ready to ship to Distribution at MP

Quar]tum° Quantum Confidential Q
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Product Transitions

l Primary Transition Paths I

blazer 420/635/850

Q1 CY95 02-3 CY95 Q4 CY95
MV 270
TB 270 - MV 270
LT 365
RR 420 - | TR 420 » TR 420
MV 540 - MV 540
TB 540 FB 540 % FB540
LT 540 \ TR 63
TR 635
[ LT 730 >
— TR 840
84
FB 1080 » FB 1080

\

SR 1700
Quantumo Quantum Confidential Q
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Transition Plan Actions

1zer 420/635/850
l Next Steps I Who
B Generate customer interest and qual Field & Marketing

commitments for Fireball & Trailblazer
¢ Product introduction activities
» Sales tools/presentation materials
e (Customer visits

B Develop qual strategies & timelines for all
OEM accounts

» Feasibility /priority for simultaneous Fireball &
Trailblazer quals

¢ Strategies for starting strategic regional OEM quals ealier
(P2 vs. PMP evals)

B Begin forecasting new product transitions for
all customers
e Distribute updated forecast assumptions

m Update detailed transition plan

B Issue Product Status Reports every two weeks
(via e-mail to sales offices)

Field, Account Management,
& Regional Marketing

Field

Marketing

Marketing

Quantum' Quantum Confidential Q
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Customer Priorities

@001z er 120/635/850

I Priorities for Evals I e B mportance
Volume potential
Customer TrailBlazer 420/840
1. Sponsor/Lead Customer C
(P2 Evals) ompaq
HP
Digital
Apple *
Olivetti
2. Other Tier 1 OEMs Dell
(PMP Evals) Acer
IBM *
AST*

3. Strategic Regional OEMs

(P2/PMP Evals)

* NA.

* Europe
e APAC
* Japan

4. Other OEMs & Disti

* Roadmap not aligned with TrailBlazer, Quals TBD

Quantum Confidential

Quantum’

Gateway 2000, Packard Bell, AT&T
ICL, SNI, Peacock, Escom, Vobis

Goldstar, Trigem, FIC, Samsung
Fujitsu, NEC

Leading Edge, Ingram Micro, etc.
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Qual Schedules I

| Feb | Mar | Apr | May ' June | July
r | | pmp | mp | fes | |

Compaq P2 Evals I
HP P2 Evats I
Digital |
Dell pmP Evals [T
Acer P2 ol
Apple* I
IBM * PMP Evals I
AST* I
NA - AT&T I

Packard Bell ]

Gatewy 2000 P2 Evals N

Leading Edge .

Others I
Eur. - Olivetti r2 evals [

SNI I

Others PMP Evals N
APAC - Goldstar P2 Evals IR

Trigem I
Daewoo / Others I
Fujitsu/Japan P2 Evals
Latin America R
WW Disti I * Roadmap not aligned with Trailblazer, Quals TBD
Quantumr

QUALI'TY
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Production Ramp

Qb azer 42016351550

New Product Production Ramps:

Q2 Q3 Q4

Trailblazer 700K 1.6MM

4,500,000

4.000,000 L5

3 500,000 Bl Lightning

3,000,000 Maverick

M RoadRunner

2,500,000

2,000,000 B Thunderbolt

1,500,000 0O Fireball

1,000,000 B TrailBlazer

500,000

0

Quantum° Quantum Confidential Q
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Transition Plan

' Plans For Meeting Production Ramp: Prelimary FQ1 Forecasts I

Planned Contingency
Customers Volume Customers Volume
i Compaq 356K Compaq 220K
Tier One HY co
Digital Digital
Dell Olivetti
Olivetti
Acer 92K Goldstar 150K
Reg. Accts. Goldstar po as
Apricot Peacock
Peacock Mitsuba
Leading Edge IPC
Distribution 252K 330K
Preliminary FQ1 Forecast 700K 700K

QUantum’ Quantum Confidential Q
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Jazer 420/635/850

Trailblazer Schedule

l Program Status I

P2 Results

B 61% Self Scan testing yields

Scratches on the media found - MKE process issue to be resolved
Actuator imbalance on TR 850 - fix with minor coil change at PMP
Minor PCB layout change required - MKE process issue solved

Maturity Testing

B DVT: Passed Acoustics, 4-corner, & power, Failed Vibration, fix in progress
B Compatibility : Leo V.3 testing passed, accelerated testing with P2 drives

Incremental Design Changes

m P2.5:ComboV.5 Leo V.3
m PMP |
¢ Combo roll to V.6 - potential long-term reliability issue

at high temperature (125 deg, C)
¢ PCB layout change - re-location of discrete components

¢ Actuator coil re-design

Quantum° Quantum Confidential Q
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1994
., Oct = Nov | Dec =~ Jan =~ Feb =~ Mar . Apr . May/jun
l I I I I [ l I
Build P1 Build P2 Build Pre Mass
Schedule: Mass  Pro
Pro
Maturity DVT FMT DMT PMT
Testing;: Complete Complete Complete
Early Full Spec Volume
Availability: Evals Evals Availability
Avail. Avail.

| Schedule Update I

e 1200 drives built at P2.0 with 61% Self Scan yield and 95% Servowriter yield

e P25 build commencing on 2/24 : 979 drives with Leo V.3, Combo V.5

e 3000 drives at PMP build with final Combo V.6 and MKE process changes

e DVT testing complete, FMT testing beginning on P2.0 drives

‘e Compeatibility testing on-schedule with all major OEM platforms being tested

Quantum’

QUALI'TY S TORAGE
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Trailblazer Schedule

P2 P2.5 PMP MP
Build Start | l | | |
| 1 1 1
1/26 2/22 3/24 4/10
3/5 3/17 4/10 5/8
Ship P2.0 Ship P2.5 Ship PMP Volume
Key Dates Drives To Drives To Drives To Production
Customers Customers Customers Available

| Schedule Implications '

m Mktg to issue P2.5 & PMP design changes to field
m Need to design creative qual strategies by account with P2.5 drives

m If Tier One quals slip, quick turn PMP quals must pick up volume

Quantum° Quantum Confidential Q
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Program Overview

“Who to Call” Matrix

I For Questions On ... I l Contact I
1. Evaluation Units Chris Abate
2. Qualifications Tom Lee
3. Transition/Availability Chris Abate
4. Pricing Account Champion
5. Competitive Specs & Benchmarks Chris Abate
6. Operations and Logistics Randy Filippuzzi
7. AE Support Issues A Tom Lee
8. Technical Issues Charlie Helkenn
9. Failure Issues Tom Lee

Quaf]tum° Quantum Confidential Q
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Trailblazer Servo

Trailblazer Product Training

February 28, 1995

Joe Lillig
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Trailblazer Servo-Mechanical System:
Hardware Block Diagram

NEC 78352 uP

«— Control Out

Iy

-POR for PCB

—> Position Info In Hitachi 13545 Motor Driver Chip
uP
Address Power .
a POR Down Spindle
& Motor
Data Retract Control
Busses Vref Circuit
Circuit
U VLV\j
PWM
PWM +4.
PWM DAC Hi DAC 4.6V VCM
Digital Analog Power
j Circuit PWM Filter VCeTL Amp
Lo Circuit
+VCM| | -VCM
BA SH
/1_ BB Peak
A/D k— MUX S/H Detection
\(— B Circuit
S/H Disks &
Spindle
Servo
Wedge RAW Puise RDX
Decoding BATA Detection | | ROY Preamp
(Sync, SAM, Circuit [*—©-
v Track ID)
i i Chi HDA
"Leo" ASIC chip Hitachi 3038 Data Channel Chip

12/7/94 Joe Lillig




TRAILBLAZER SERVO WEDGE FORMAT

T TIME

(T = 25 ns) a1 1677 377 9T 108T 9T 447 447 47 9T
TOTALS
TIME IN uSEC 11.8us 418us 925 us 225 us 27us .225us 11us 11us 11us 225us
- , G | cBURST [q]
FIELD 3Ts 3Ts SAM N TRACK NUMBER Al — A| TRACKO
P
-— - ? : A BURST |-~ A
FIELD 3TSs 3Ts SAM |N TRACK NUMBER A| BBURST - 3 TRACK 1
- — = “) Z e , C BURST —
FIELD aTs 3Ts SAM |N TRACK NUMBER Al i : Al TRACK 2
D Pl P
- - ' p A BURST p
FIELD 3aTs 3Ts SAM |N TRACK NUMBER Al BBURST = 4A| TRACK3
D P C BURST |r
Notes:
3T pattern = 100. Fields filled with 3T"s contain 100100100... etc.
Track number is gray coded. Binary to gray code conversion is Gmsb = Bmsb, and Gn = Bn XOR Bn+1. Example: Binary track number 00Ah = Gray code track number
00Fh. The gray code bits are encoded as:
Data bit "0" = disk 10 000 010 0,
Data bit “1" = disk 10 010 000 O.
SAM = Servo Address Mark = 14T pattem repeated 2 times followed by a data bit “0": 10000000000000 10000000000000 10 0000100
IND = Index = data bit “1" (10 010 000 0) for sector 0, and data bit "0" (10 000 010 0) for sectors 1 through 62.
Gap = 9T of DC erase = 000000000.
Each burst field contains four 2T's followed by twelve 3T's.
WEDGE
W/R RECOV ;
AGC TIME ‘ :
SAMPLE B ‘
SAMPLE A
SAMPLE C :

12/9/94 JOE LILLIG
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Trailblazer Servo Related Parameters

TPI
Track pitch

Number of cylinders

Disk rotation speed
Servo samples/rev
Servo sample freq

Servo sample time

Servo-mech loop bandwidth

3794
264 ui
3653

4500 rpm
63
473 KHz

212 usec

350 Hz

12/9/94 Joe Lillig



Trailblazer Servo-Mechanical System:
"Long" Seek Mode - Acceleration Phase

Electrical Hardware

Mechanical Hardware

Electrical Hardware

Bias
Power Torque
Amp
PWM , ;
Control DAC Control Control + Acce - Pos
Count Voltage Current + 2 Position Demod
o Gpwm(s) b Gpa(s) —— Kt W e s 0 &
' ' Track ID detection
Torque
FOA 8 Track
. Burst Burst ID
AD A/D
_as |Sampling to Control Out
e delay
[+
Notched
Control
Out
2X (Icoil) X4H
f:_:::g:l (Bias Force) X3H |  satyrated | PES . ¥ ¥
(Vel) X2H State K———— Form PES
Estimator
Control{ . ‘ (Pos) X1H
Out | : Vermr > Accel/Decel : ] Velocity .
Switch Criteria Velocity Trajectory | "o + Laret
So Saturate Trajectory [— Polynomial arge
Control : Scaling Set | Fosition
Position
Offset

Switch to Decel mode if Verr < Accel/Decel switch criteria

q i b et e A e e

12/8/94 Joe Lillig



Trailblazer Servo-Mechanical System:
"Long" Seek Mode - Deceleration Phase

Electrical Hardware

Control PWM DAC
Count
— Gpwm(s)
_2s |Sampling to Control Out
e delay
Notched
Control
Out
2X
Notch
Filter Bias Force
(NULLY)
Prediction
Control
Out
«oor_oct*| Verr
Gain
+ | Block
+
Decel
Feed
Forward

Mechanical Hardware Electrical Hardware
Bias
Torque
Control + Acce . Pos
Current + ' Position Demod
Kt M 2 s }—>D &
§ Track ID detection
Torque
COA B Track
Burst Burst ID
\v; va
A/D A/D
| ) b
(Bias Force) xgﬂ_ Linear PES
(Vel) X2H State — Form PES
(Pos) X1H Estimator
- . Velocity -
Velocity ] Perr
Trajectory k— PT ra,ecto!y Target
+ | scaling olynomial Position
Set +
Position
Offset

Switch to Linear Range mode if Perr < Decel/LinearRange switch criteria

12/8/94 Joe Lillig



Trailblazer Servo-Mechanical System:

Electrical Hardware

! - ! »”7 - o

. 4

e

[l

Mechanical Hardware

“"Linear Range" Seek Mode - Last Mode for Short & Long Seeks

Electrical Hardware

Bias
PWM DAC Amp
Control Control Control + Acce i Pos
Count Voltage Current + 2 | Position Demod
—— Gpwm(s) [ Gpa(s) ——= Kt i — s }—> &
' Track ID detection
Torque
A B Track
. Burst Burst ID
A/D
_os |Sampling to Control Out AD
e delay
Notched
Control
Out
2X
Notch . v v 9
Filter Bias Force (Bias Force) X3H | |jnear | PES
(NULLLD) (Vel) X2H State — Form PES
Prediction Estimator
Control (Pos) X1H
Out + - _
«Loor_un | Verr Velocity "FOX" Perr +
Gain Trajectory f— Gain Target
5 *| Block + | Scaling Block Position
+
Decel
Feed Position
Forward (for long seeks only) Offset
Switch to 1st (AB) settle mode if Perr & X2H are below Seek/Settle switch criteria 12/8/94 Joe Lillig
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Trailblazer Servo-Mechanical System:
"Short" Seek Mode - Acceleration Phase

Electrical Hardware Mechanical Hardware : Electrical Hardware
Bias
Power Torque
Amp
PWM DAC ;
Control Control Control + Acce : Pos
Count Voltag Current + 2 Position Demod
—d Gpwm(s) —— Kt N — 1s —0 &
: Track ID detection
Torque
LA B Track
. Burst Burst D
v
: A/D
_as |Sampling to Control Out | AD
e delay
Notched
Control
| Out
2X
Notch . v v &
Filter Bias Force (Bias Force) X3H | | inear | PES
(NULLI) (Vel) X2H State K—— Form PES
Prediction ; Estimator
Control (Pos) X1H
Out + - -
bwoop_LIN_act] Vert Velocity "FOX" Perr +
Gain Trajectory k— Gain Target
+ | Block + | Scaling Block Position
+
e
Position
Offset

Switch to Linear Range mode if Verr < ShortAccel/LinearRange switch criteria 12/8/94 Joe Lillig



Trailblazer Servo-Mechanical System:
Track Follow & Settle Modes

Electrical Hardware Mechanical Hardware Electrical Hardware
Bias
Twe" Torque
PWM DAC mp : ;
Control Control Control + Acce i Pos
Count Voltage, Current + 2 | Position Demod
— Gpwm(s) [— Gpa(s) ——= Kt W — s —>b &
‘ '3 Track ID detection
Torque
A B* c* Track
Burst Burst Burst D
) ' A/D A/D A/D
_%s |Sampling to Control Out KBO k-
e delay
Notched
Control
Out +
+ 1 Position
2X b) | KB1 d— Z F—0 Offset
Notch PES + v v v v
Filter . PES
§ with offset 5 Form PES
[ (ifany) +
Control +
+
, Out @o— KB2 k— 22 p—0

* .
- B burst is for beginning of settling
- C burst is for end of settling and
for track following

) _— . : o— | S——

Integrator Switch:

- On during track following
1/Kint | - Off during settling until switch criteria met

12/8/94 Joe Lillig
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Trailblazer Servo-mechanical System:
Transfer Functions for 420 MB (1 disk) drive

The following 5 pages show open loop
transfer functions of the servo-mechanical
system for the 420 MB drive

1 Simulation: gain
2 Simulation: phase
3 Measured: gain

4 Measured: phase

5 Measured: gain with special 4X sampling
rate servo running

12/9/94 Joe Lillig



Simulated TrailBlazer servo-mech system OL tf - mag
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Simulated TrailBlazer servo-mech system OL tf - phase
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1x Open-Loop bode-plot (Drv#354477737014)
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1x Open-Loop bode-plot (Drv#354477737014)
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4x Open-Loop bode-plot (Drv#354477737014)
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Trailblazer Servo-mechanical System:
Transfer Functions for 840 MB (2 disk) drive

The following 5 pages show open loop
transfer functions of the servo-mechanical
system for the 840 MB drive

1 Simulation: gain
2 Simulatidn: phase
3 Measured: gain

4 Measured: phase

5 Measured: gain with special 4X sampling
rate servo running

12/9/94 Joe Lillig



Simulated TrailBlazer servo-mech system OL tf - mag
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Simulated TrailBlazer servo-mech system OL tf - phase
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1x Open-Loop bode-plot (Drv#35847777201 0)
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Trailblazer Servo: Notch filter

The following 2 pages show the transfer
function of the servo’s notch filter which
runs at 2 times the servo sampling rate.
(There are 2 control outputs for every
position measurement.)

The notch filter is used to attenuate the
VCM's 3.6KHz system mode

1 Simulation: gain

2 Simulation: phase

12/9/94  Joe Lillig
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TrailBlazer notch - phase
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Alfred Hwu (Test process)
Thomas Gemal (Test process)
Peter Butler (Analog parametrics)

cc: T. S. Lee (Trailblazer firmware)

John Goodman (Trailblazer PCB)

Steve Reed (Trailblazer drive engineering)
Rob Caldeira (Trailblazer program manager)
Tuan-Chau Ngo (Trailblazer servo)

Quanuah Pratt (Trailblazer servo)

Daniel Chan (Trailblazer servo)

Brian Bourke (Trailblazer servo)

From: Joe Lillig (Trailblazer servo)

Subject: Servowritten serial number format for Trailblazer - correction

Nemo Fage T o2
To: Tim Daffin (Trailblazer servowriter)

arc actually 15. I have made the necessary corrections in "reverse video"”.

Serial number format

The original version of this memo, dated 9/9, indicated there are 13 negative cylinders on a drive. There

The serial number of a Trailblazer drive will be written on 10 cylinders at the ID, cylinders that are in the
landing zone. The following table is a map of the cylinder usage near the ID. It shows exactly where the

serial number cylinders are.

Servowritten cylinder 0 d Total number of cylinders Cylinder usage
number (starting at 0) b in this area
3652 -— Last customer data
cvlinder
3653 - 3660 8 Guard band
3661 - 3663 3 4x servo wedges
3664 - 3668 5 Guard band
8 3669 - 3678 10 Serial number
3679 - 3680 2 Guard band
The servo wedges in the serial number cylinders will have modified track id fields. The track id's will
look like this:
Bit 11 10 9 8 7 6 5 4 3 2 1
Usage [ 1 | 1 [ 1 T 1 7T 4 bits of serial number | 4 bits of track address |

The upper 4 bits will be set to all ones. This will uniquely identify the track id field as a serial number
field because a track id of Fxx hex would translate to a track number greater than or equal to 3840

decimal, which is beyond the highest possible Trailblazer track number.

The next 4 bits will be one tenth of the serial number. It takes 40 binary bits to represent a 12 decimal
digit serial number. The least significant bits of the serial number will be in the OD-most cylinder of the

10 serial number cylinders. The bits will continue in sequence through the 10 cylinders.
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Memo

Subject:

Servowritten serial number format for Trailblazer - correction

The 4 buts of track address will be the same as they would be on a normal track. They will be the 4 least

significant bits of the true track address for those cylinders. The servo will use them to determine where it
1s within the 10 serial number cylinders.

The same modified track id fields will be written to all 63 wedges on a track, and to on all heads in a

cylinder. So the number of copies of the serial number on a drive will be 63 times the number of heads in
the drive.

The track id on the disk is gray coded. The ASIC decodes it before loading it into its track number

register. It is the un-gray-coded value that is described above. Here is an example of what might be
written in one track id field on a serial number track:

Actual servowritten track number if it was not a serial number track: 3682
Serial number of drive: 12345678901234

Last 4 bits of track number in binary: 0010
Last 4 bits of serial number in binary: 0010

Un-gray-coded modified track id field: 1111 0010 0010
Gray coded track id field to be servowritten: 1000 1011 0011

Test software and servo firmware issues

When the test process or analog parametrics test software wants to read the cylinder number, it should
command the drive to seek to a user cylinder some distance away from the first serial number cylinder,
such as the last customer data cylinder. It should then execute 1 track seeks to "ease" into the serial
number area. This will make things easier for the servo firmware. We will not put anything in the "long

seek code" that knows about the serial number tracks. We will only be able to handle the modified track
id field while doing short (1 track seeks) and while track following.

When moving through the serial number cylinders, the test software should use normal target track
addresses. The servo will recognize that the target cylinder is a serial number cylinder and it will use only

the bottom 4 bits for positioning. The four 1's in the most significant bits of the modified track id fields
will be used by the servo firmware to confirm that it is indeed in the serial number area.



MEMO
Date: Jan. 19, 1995
To: Trailblazer Team
From: Richard Hu
Subject: TBR S/W Serial Number

MKE has requested that the start date and time, station ID and position number be

incorporate into our current serial number scheme. Greg Kahlert and [ along with the
MKE staff have come up with the following solution:

1.

of things going wrong since we are so close to P2.

The current serial number format stays unchanged. This will minimize the chance

2. The start date and time, station ID and position number will take an additional 9
tracks starting 4 tracks after the last serial number track. Since the serial number
occupies physical tracks 3684 to 3693, tracks 3698 to 3706 will be taken up by the
new data. There is a 4-track guard band between the serial number and new data
tracks. This band ensures that there are no (1111) to (0000) transitions in the
lower 4 bit cylinder number.

3. The following table shows the track layout:

Physical Track # Logical Track # Total # of Tracks Track Usage
(starting at 0) (starting at -15)
Oto3 -15t0-12 4 4x Servo Wedges
4 to 3667 -11 to 3652 3663 Customer Data
3668 to 3675 3653 to 3660 8 Guard Band
3676 to 3678 3661 to 3663 3 4x Servo Wedges |
3679 to 3683 3664 to 3668 5 Guard Band
3684 to 3693 3669 to 3678 10 Serial Number
3694 to 3697 3679 to 3682 4 Guard Band
3698 to 3706 3683 to 3691 9 *New Data
3707 to 3708 3692 to 3693 2 Guard Band
3709 to 3728 3694 to 3713 20 Extra Guard Band

* See appendix for detail.



APPENDIX
THE BIT LAYOUT FOR THE NEW DATA
Physical Logical
Track # Track # Data
369% 3683 O0FS2
™ last 4 bits of the track #
! upper 4 bits of the station ID
3699 3684 OFS3
™ last 4 bits of the track #
! lower 4 bits of the station ID
3700 3685 OFN4
™ last4 bits of the track #
| xxOX
T T T__Sth bit of date (O or 1)
ol always 0
I position # (0 - 3)
3701 3686 OFTS
™ ___ last4bitsof the rack #
I lower 4 bits of the starting date
3702 3687 OFM6
T last4bitsof the track #
! starting month
3703 3688 OFS7
™_____ last4bitsof thetrack #
| starting year
3704 3689 OFHS8
™ lastdbitsof thetrack #
| upper 4 bits of starting hour
3705 3690 OFN9
T last4 bitsof the rack #
| XOxx
T T T_upper minute bits (0 - 3)
| |__always 0
| lowest hour bit (0 or 1)
3706 3691 OFMA
™ last 4 bits of the track #

lower 4 bits of the starting minute



Trailblazer Servo Error Codes

02/24/95

Joe Lillig

Page 1 0f 2

NON-FATAL SERVO ERROR CODES

The servo does not shut down and does not require a recal when a non-fatal servo error occurs. It reports
the error to the read/write firmware and attempts to settle back on track. It sets SERVO_DISTRESS, the
handshaking flag it uses to communicate with the read/write firmware. It also sets WR_GATE_DIS to
disable write operations. See the document entitled "Trailblazer Servo Error Handling" for a complete
description of the handling of non-fatal servo error codes by the servo and read/write firmware.

e EC_BAD_SYNC

The ASIC's servo logic block could not detect a sync pattern in a wedge ... and the previous wedge
had the first indication of a non-fatal servo error of any type. This means the previous wedge had a
bad sync or bad SAM or any other type of error.

e EC_BAD_SAM

The ASIC's servo logic block could not detect a SAM (Servo Address Mark) in a wedge ... and the
previous wedge had the first indication of a non-fatal servo error of any type.

e EC_BAD_TRKNUM_OR_INDEX

The ASIC's servo logic block reported a data error or a soft error in a wedge ... and the previous
wedge had the first indication of a non-fatal servo error of any type. A data error is an illegal pattern

in the track number field or the index bit field. A soft error is a missing data pulse in the track
number field.

o EC_OFF_TRACK

The ASIC's servo logic block reported a track address for a wedge that was not what the servo code
expected ... and the previous wedge had the first indication of a non-fatal servo error of any type.

e EC_OUT_SPEED

The ASIC's servo logic block reported a speed error. It does not matter what happened with the
previous wedge.

e EC_BUMPED

The burst amplitudes for two consecutive wedges indicate the drive was bumped. Or the burst
amplitudes in a single wedge indicate a possible bump ... and the previous wedge had the first
indication of a non-fatal servo error of any type. Or the head ran over a wedge which had a defect in
the bursts ... and the previous wedge had the first indication of a non-fatal servo error of any type.

See the document referenced above for a complete description of how the servo determines whether or
not a bump has occurred.

e EC_ERASED_BURST
A wedge's C burst amplitude was below the value used to test for C bursts which were erased at self
scan ... and the previous wedge had the first indication of a non-fatal servo error of any type.

Note that there is no longer an EC_SERVO_DEFECT error code as there was on Roadrunner. The servo
no longer attempts to distinguish between defects and bumps.
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Trailblazer Servo Error Codes

02/24/93 Joe Lillig

Page 2 of 2

FATAL SERVO ERROR CODES

When a fatal servo error occurs the servo shuts down (it no longer goes through its interrupt routines), the
VCM is disabled, and a recal is required to bring the servo back on line. SERVO_DISTRESS and
WR_GATE_DIS are set. FATAL_SERVO_ERROR is also set to let the rest of the firmware know what
1s going on.

e EC_LOST_LOCK

The ASIC's servo logic block reported any combination of five consecutive bad syncs, bad SAMs, or
speed errors while the servo was attempting to sit on track.

e EC_BUMP_TIMEOUT

The drive failed to recover from a non-fatal servo error within 1 second. The non-fatal servo error
was most likely a bump so the error code is named that way.

e EC_SEEK_TIMEOUT

The drive failed to complete a seek within 1 second.

e EC_SEEK_LOST_LOCK

The ASIC's servo logic block reported any combination of five consecutive bad syncs, bad SAMs, or
speed errors while the servo was attempting to seek.



Memo

To: Anyone interested in the subject below

From: Joe Lillig (Trailblazer servo) and Kevin Murphy (Trailblazer firmware)

Subject: Trailblazer servo error handling

Note: All changes from the last rev of this document arc shown in “"reverse video”.

General Introduction

The purpose of this memo is to document the proposed strategy for servo error handling in the Trailblazer
drive. We have worked with Rick Ehrlich of the APE servo group and Dave Jeppson of the Fireball servo
p to establish a strategv that is satisfactory for both the Trailblazer and Fireball progra

Somc of the 1dcas evolved from discussions some time ago with Joc Humel of the Lightming scrvo group

Other drive programs being developed in the same time frame as Trailblazer and Fireball may want to
adopt this strategy.

Both Trailblazer and Fireball are early in their development cycles so things may change as we gain
experience with the drives. This is our starting point.

Servo Error Detection and Reporting Strategy (Joe Lillig)

Introduction

There are three primary goals of the servo code's error detection and reporting scheme. First, we must
protect the customer's data. Second, if data sectors need to be reallocated in the vicinity of a servo wedge
that is corrupted, we must give the interface code enough information to allow it to reallocate the
minimum number of data sectors necessary to avoid the bad servo wedge. Third, the handshaking done
with the interface code should be as simple as possible so that present and future interface and servo
coders can easily understand it when they are adding new code features that deal with it.

Types of servo errors

Servo errors fall into three categories: (1) servo wedge pattern errors reported by the ASIC's servo logic

block, (2) off track conditions detected by the servo code after examining the burst amplitudes, and (3) a
spindle motor speed error that is also reported by the ASIC.

Wedge pattern error handling

There are four servo wedge pattern errors reported by the ASIC: sync error, SAM error, data error, and
soft error. In addition, the ASIC may report a track address that does not match what we expected. We
will also call that a wedge pattern error rather than a off track error because we suspect a defect or noise
blip caused the bad track address. If we are wrong, the customer's data is still protected because the
sequencer won't begin writing until it finds the data sector ID it is looking for.

If one of these wedge pattern errors occurs, and there is no indication of an off track condition, then we

assume that either a defect in the media or a noise blip caused the problem, and that it can be ignored.
We will use the current wedge's servo bursts for positioning.
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Miems

To: Anyone interested in the subject below

From: Joe Lillig (Trailblazer servo) and Kevin Murphy (Trailblazer firmware)

Subject: Trailblazer servo error handling

If we see two consecutive wedges with any combination of these errors, then we believe there may truly be
a problem. We will set our primary handshaking flag for the interface code which is called

SERVO_DISTRESS. We will also disable writing and jump into our settling code to attempt to get back
on track reliably.

In addition to the handshaking flag, there is an error status byte the servo code uses to tell the interface
code what kind of servo error it detected. It is called SERVO_STATUS. If we get consecutive wedges

with any combination of servo wedge pattern errors, we will load SERVO_STATUS with the current
error, the one associated with the second wedge.

S error handlin;

If a speed error is reported by the ASIC, we will immediately set SERVO_DISTRESS, disable writing,
and jump into our settling code. We will load the SERVO_STATUS error byte with a speed error code.

Off track error handling

When we first encounter what seems to be an off track condition, it can really be one of three things: a
true bump, a defect (or noise blip) in the bursts, or an erased C burst.

(A C burst is erased at self scan time if a defect in the A and/or C burst causes a bump to occur while
sitting on track doing a scan for servo wedge errors. Fireball will not erase C bursts at self scan. Instead -
they will create a map of bad servo wedges. So every reference to "erased C bursts" in the rest of this
document should be translated to "mapped wedges" for Fireball.)

To be conservative, we will immediately disable writing when we detect an off track condition. We will
set a second handshaking flag called POTENTIAL_BUMP. We will not use the current wedge's servo
bursts for positioning because we are not sure if their amplitudes indicate true motion of the head or just a
defect or an erased C burst. We will position the actuator using the burst information from the previous

wedge. If we see an erased C burst we will load SERVO_STATUS with an erased C burst error code. If
not we will load it with a bump error code. )

(Fireball uses an estimator based servo while track following instead of a simple compensator. If there is
an off track indication they will position the actuator with their estimated position instead of using
position information from the previous wedge.)

At the next servo wedge we will look to see if there is an off-track indication again. If there is, we will set
the SERVO_DISTRESS flag to let the read/write code know that we believe the drive has truly been
bumped. We will overwrite the SERVO_STATUS byte with a bump error code and jump into our settling
code. If there is no indication of an off track condition at the second wedge, we will not set
SERVO_DISTRESS and will continue track-following using the burst information from the second
wedge.

\We will once again allow writing to take place

We will not reset POTENTIAL_BUMP. In fact, we will never reset either of the two handshaking flags,
POTENTIAL_BUMP or SERVO_DISTRESS. This is because the servo code is interrupt driven and runs



Mems

To: Anyone interested in the subject below

From: Joe Lillig (Trailblazer servo) and Kevin Murphy (Trailblazer firmware)

Subject: Trailblazer servo error handling

asynchronously to the interface (R/W) code. We will always let the interface firmware decide what to do
when it sees the flags set and let it reset them when it is ready to do so.

Note that if a potential bump turns out to be an erased C burst, the interface code will be left with only the
POTENTIAL_BUMP flag set and the SERVO_STATUS byte loaded with an erased C burst error code. If
a potential bump turns out to be a defect in the wedge then the interface code will be left with
POTENTIAL_BUMP set and SERVO_STATUS loaded with a bump error code. It would be more
accurate in this case to report a defect in the servo wedge. However, we decided not to do this because of
the possibility of misinterpreting a "one wedge bump" as a defect. If the actuator just barely hits the bump

detect limit for one sample due to a light bump or a rough seek arrival it would be quite misleading to
report a defect.

Reporting defects as bumps does not cause any problems anyway. When the wedges are scanned for
wedge defects the first time during self scan, we will report bumps wherever there are burst defects. After
self scan erases the C bursts of the defective wedges, we will report only erased C bursts. After that, only
if a burst defect grows in the field will we erroneously report a bump instead of a defect when we set
POTENTIAL_BUMP. But it doesn't really matter. The interface code will react the same way no matter
what error code is in the SERVO_STATUS byte. It will map out the necessary data sectors around the
wedge which is causing POTENTIAL_BUMP to be set without SERVO_DISTRESS being set.

(Since we never report anything as a defect on a Trailblazer drive. we will climinate all the flag bits and
crror codcs associated with wedge defects that exist in the code from previous products. We will no
longer try to analyze position crror to diffcrentiate between bumps and defects. Fireball will be different

They will flag a defect if their on-track estimator crror is too large. But they will treat it the same way as
Trailblazcer trcats anv off track indication )

Interaction between different types of servo errors

How should the servo react and what error should be reported if various types of errors are detected in
consecutive bursts? As was already mentioned, if two consecutive servo wedge pattern errors occur, the

second one will be reported. We also already stated that if an off track condition is detected for two
consecutive wedges, a bump will be reported.

What if an off track condition in one wedge is followed by a wedge pattern error in the next wedge, or
vice-versa? The answer is: we will set SERVO_DISTRESS for two consecutive errors, no matter what
types of errors they are. This is the most conservative approach. It does not cost anything in terms of
performance because we should rarely see two wedge errors in a row. (Self scan will reject a drive that
has two wedge errors in a row so only a bump or a grown defect can cause two in a row in the field.)

The next question is: what error code will be loaded into the SERVO_STATUS byte? The convention we
will follow 1s this: we will only overwrite the SERVO_STATUS byte if SERVO_DISTRESS is not already
set. (Note from the previous paragraphs that it is also true that we will only load the SERVO_STATUS

byte when we are also setting either the POTENTIAL_BUMP flag or SERVO_DISTRESS flag.) Let's go
through a few scenarios.
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Date: 02/24/95 Memo Page 4 of 9

To: Anyone interested in the subject below

From: Joe Lillig (Trailblazer servo) and Kevin Murphy (Trailblazer firmware)

Subject: Trailblazer servo error handling

First wedge error Second wedge error SERVO_STATUS contents
Sync (wedge pattern error) Sync (wedge pattern error) Sync error

Sync (wedge pattern error) SAM (wedge pattern error) SAM

Erased C burst (off track error)  Bump (off track error) Bump

Sync (wedge pattern error) Potential Bump (off track error)  Bump

Potential Bump (off track error)  Sync (wedge pattern error) Sync

We look at the wedge pattern information before we analyze the burst amplitudes. Therefore, if a second
servo wedge pattern error occurs at the same time as a potential bump, we will set SERVO_DISTRESS
due to the two consecutive servo wedge pattern errors, switch to our settling code, and not even read in the
burst values. We will load the SERVO_STATUS byte with the wedge pattern error.

If different types of errors which can cause SERVO_DISTRESS to be set occur several wedges apart, and
if the second one happens before the interface firmware has responded to the first one, the first error will
be reported in the SERVO_STATUS byte. This just goes along with the convention of not overwriting
SERVO_STATUS if SERVO_DISTRESS is already set.

As usual, there is one exception to the SERVO_STATUS overwriting rule. If we get 5 bad syncs or SAMs
in a row we will overwrite the sync or SAM error already written in SERVO_STATUS with a "lost lock”

error code. The lost lock error is a more severe error that obviously cannot occur unless you have already
had the previous problem of two bad syncs or SAMs.

Disabling wrniting

We have mentioned disabling and re-cnabling write operations but we have not discussed how we do thosc
things  They arc accomplished using the ASIC's servo and scquencer logic. For Tranlblaser and Fircball
the ASIC 1s "Leo". The scrvo disables writing by sctting the FORCE_SVO_FLT bitin the TNACTLI
rceister (TNA Control Register 1) in the ASIC's servo logic block. If a wnite operation 1s in progress. this
bit will get passed to the SERVO_FAULT bit in the SEQINT reguster (Sequencer Interrupt Control /

Status Register) in the ASIC's sequencer logic block. and the write will be aborted. 1f there 1s not a write
operation in progress the SERVO_FAULT bit will not get set. If FORCE_SVO_FLT 1s cleared before the
scquencer tries to write. the write operation will be allowed to stant

When the senvo encounters a potential bump that does not turn into a real bump 1t holds
FORCE_SVO FLT high only for onc wedge-to-wedge time. When 1t encounters a truc bump or any other

crror condition that causcs SERVO_DISTRESS to be sct. it scts FORCE_SVO_FLT high and lcaves it
high until 1t 1s finished scttling back on track.

Summary

The error reporting passed from the servo code to the interface code can be summarized in the following
paragraphs.
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If the second of two consecutive servo wedge pattern errors (sync, SAM, data, soft, or track address
mismatch) is detected, it will be reported and SERVO_DISTRESS will be set. (In this case we do not
even bother to look at the burst values.)

If a speed error occurs, it will be reported immediately and SERVO_DISTRESS will be set.

If an off track condition (a bump, an erased C burst, or a burst defect) is detected, we will report either an
erased C burst or a bump and set POTENTIAL_BUMP. If the off track condition continues for a second
consecutive wedge we will report a bump and set SERVO_DISTRESS.

If two consecutive errors of any type occur, we will set SERVO_DISTRESS and report the second error.
If two errors which can cause the setting of the SERVO_DISTRESS flag occur and are separated by a
wedge or more, we will report the first error.

Conclusion

Have we achieved our three goals? Number one was to protect the customer's data. We do this because
we immediately disable writes if we suspect any kind of off track condition.

Number two was to minimize the number of data sectors reallocated around a bad servo wedge. We
achieve this by reporting only a potential bump at the first wedge that indicates an off track condition. and
by using the burst information from the previous wedge to avoid inducing our own "bump" by reacting to

the potentially bad information in that wedge. We will allow writing again immediately after the next
wedge.

Number three was to keep the error reporting interface between the servo code and interface code as
simple and efficient as possible. It looks OK. The servo code only controls the setting of two

handshaking flags and the loading of an error status byte. The interface code controls the resetting of the
flags and the clearing of the error status byte.

Read/Write Response to Servo Errors (Kevin Murphy)

Background

The POTENTIAL_BUMP flag was implemented to signal cases where the Servo ISR routine requires a
subsequent wedge to distinguish erased C-bursts and servo defects from actual off-track (bump) situations.
If the next wedge causes the servo code to determine that a bump has actually occurred, then the
SERVO_DISTRESS (can be read as BUMP_DETECTED in previous code base) flag is set.

The read/write firmware does error processing only when the sequencer has STOPPED. The servo ISR

does not terminate the sequencer on Reads, but will abort Writes on either SERVO_DISTRESS or
POTENTIAL_BUMPs.

It 1s assumed for this discussion that the servo status flags are first checked (by R/W code) immediately
following sequencer gone NOT_BUSY. In other words, at the end of the last sector of a set of sectors that
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Subject: Trailblazer servo error handling

was either completely or partially read or written. (The sectors would be completely read or written if no
errors occurred. They would be partially written if a servo error caused the writing to be disabled.)

Note that the POTENTIAL_BUMP flag is not cleared by the servo code. This is done so that read/write
code is guaranteed not to miss any transitory status bits. POTENTIAL_BUMP, SERVO_DISTRESS and
the SERVO_STATUS byte are cleared when the sequencer is started. This is done because only the servo
conditions that occur during an actual read or write seem truly "interesting".

Examples

The following cases explore the determination of read/write errors due to servo conditions when the
sequencer has gone not busy, either because the read/write operation is complete or a write has been
disabled. (The subroutine that handles sequencer not busy is called Sequencer_Done.)

You will noticc in the examples that when the rcad/write firmware detects that the scquencer has stopped.
it usually waits for onc or two scrvo wedges to go by before it has all the crror information it nceds. This
1s because. 1n the worst case, the servo may not detect a possible off track condition unul the wedge after
the data transfer is complete. Then it must wait for onc morc wedge to determine whether or not there
rcally was motion duc to a bump. It is critical to wait two wedges for a wrnite operation because we need to

find out if we got bumped whilc trying to writc the last scctor. If we did. we have to go back and rewrite
1t

For a rcad operation. we wait for at most one wedge. never two  If the scquencer stops and
POTENTIAL_BUMRP is not sct we just do an ECC check right anay. If POTENTIAL BUMP is sct. we
wait onc wedge and check to sec if SERVO_DISTRESS gets set. If not . we just do an ECC check and
don't bother to wait around for the sccond wedge. In cither casc. we stop looking for a scrvo reported
bump carlicr than for a write because we have ECC bytes to validate the data. We arc not so concerned
that a bump mav have occurred while reading the last scctor

e Case l: Erased C-burst

OK X OK
SECTOR i SECTOR SECTOR ‘ ‘ SECTOR SECTOR l SECTOR
1 2 3 3 4 5
WEDGE 1 WEDGE 2 WEDGE 3
POTENTIAL_BUMP: 0 1 1
SERVO_DISTRESS: 0 0 0

FORCE SVO FLT:

Read Sector 2. No servo error codes set. Base errors on ECC Syndrome only.
Read Sector 3. Potential Bump. Wait 1 wedge to check for Distress. None. Check ECC Syndrome.
Read Sector 4. Potential Bump. Wait 1 wedge to check for Distress. None. Check ECC Syndrome. .
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Write Sector 2. No servo flags. Wait 1 wedge. POTENTIAL_BUMP. Wait 1 more wedge. No

SERVO_DISTRESS. Update SECTORS_WRITTEN to include last sector that sequencer has successfully
completed.

Write Sector 3. Potential Bump. Wait 1 wedge. No SERVO_DISTRESS. Wait 1 more wedge. No
SERVO_DISTRESS. Update SECTORS_WRITTEN to include last sector that sequencer has
SUCCESSFULLY completed. (Note that this will include Sector 2, but not Sector 3. This is done so as to
reduce the number of reallocated sectors around erased C-burst wedges.)

Write Sector 4. Potential Bump. Wait 1 wedge. No SERVO_DISTRESS. Wait 1 more wedge. No

SERVO_DISTRESS. Update SECTORS_WRITTEN to include last sector that sequencer has successfully
completed (sector 2, but not sectors 3 or 4).

Case 2: Erased C-burst before FIRST_SECTOR. (FIRST_SECTOR is that programmed to the
sequencer as the starting sector for the read/write operation. An erased-burst may be encountered

during disk rotation (latency) between the time the sequencer is started by r/w code, and the time the
starting sector is seen under the head.)

OK OK OK
SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR
1 2 4 3 3 4 5
WEDGE 1 WEDGE 2 WEDGE 3
POTENTIAL_BUMP: 1 1 1
SERVO_DISTRESS: 0 0 0

FORCE SVO FLT:

Read Sector 2. Potential Bump. Wait 1 wedge to check for Distress. None. Check ECC Syndrome.
Read Sector 3. Potential Bump. Wait 1 wedge to check for Distress. None. Check ECC Syndrome.
Read Sector 4. Potential Bump. Wait 1 wedge to check for Distress. None. Check ECC Syndrome.

For the following write examples we check the SERVO_DISTRESS flag two timcs after sccing
POTENTIAL_BUMP sct. This is because POTENTIAL_BUMP was alrcady set when the scquencer

started. and an impact during the last scctor being written may causc a NEW potential bump situation.

We have to wait to sce if it develops into a truc bump. (We always check the crror flags for two wedges
after the ond of a write operation anvway. as cxplained carlicr.)

Write Sector 2. Potential Bump. Wait 1 wedge. No SERVO_DISTRESS. Wait 1 more wedge. No

SERVO_DISTRESS. Update SECTORS_WRITTEN to include last sector that sequencer has successfully
completed.

(S

oo

ot el Pd



Date: 02/24/95

Memo Page 8 of 9

To: Anyone interested in the subject below

From: Joe Lillig (Trailblazer servo) and Kevin Murphy (Trailblazer firmware)

Subject: Trailblazer servo error handling

Write Sector 3. Potential Bump. Wait 1 wedge. No SERVO_DISTRESS. Wait 1 more wedge. No

SERVO_DISTRESS. Update SECTORS_WRITTEN to include last sector that sequencer has successfully
completed.

Write Sector 4. Potential Bump. Wait | wedge. No SERVO_DISTRESS. Wait 1 more wedge . No

SERVO_DISTRESS. Update SECTORS_WRITTEN to include last sector that sequencer has successfully
completed.

e Case 3: Potential, then Distress (a real bump)

Impact
OK U X X
SECTOR | SECTOR SECTOR SECTOR SECTOR SECTOR
1 \ 2 3 3 4 ) 5
WEDGE 1 WEDGE 3
sector | | - | SECTOR SECTOR SECTOR . SECTOR
T ‘ ‘ ———— 3 4 - 5
WEDGE 1 WEDGE 3
POTENTIAL_BUMP: 0 1 1
SERVO_DISTRESS: 0 0 1

fokck S\ORLT 0 i |
Read Sector 2. No servo flags. Base errors on ECC Syndrome only.

Read Sector 3. Potential Bump. Wait 1 wedge to check for Distress. Distress. Retry read operation.
Read Sector 4. Potential Bump. Wait 1 wedge to check for Distress. Distress. Retry read operation.

Write Sector 2. No servo flags. Wait 1 wedge. Potential Bump. Wait 1 more wedge.
SERVO_DISTRESS. Retry write operation.

Write Sector 3. Potential Bump. Wait 1 wedge. SERVO_DISTRESS. Retry write operation.
Write Sector 4. Potential Bump. Wait 1 wedge. SERVO_DISTRESS. Retry write operation.

Final notes

It should be an extremely rarc cvent that two consccutive wedges have hard crrors in drives in the ficld

The sclf scan process will reject such a drive. A bump will be a transitony crror. not a hard one. So only
new defects in the wedges could causc this problem. If so. what will happen?
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From: Joe Lillig (Trailblazer servo) and Kevin Murphy (Trailblazer firmware)

Subject: Trailblazer servo error handling

For writcs, the read/write firmware will have a hard time writing to any data sectors on the track which
has two consccutive hard wedge defects. This is because of the rotational latency between the time the
scquencer is started and the time the first data scctor to be written 1s found. If the head crosses over the
bad wedges while it is looking for the first scctor to write. the servo will set BUMP DETECTED and the
scquencer won't be allowed to write at all. If the bad wedges arc within the data scctors to be wniticn

writing will be stopped In the middlc of the write. In the worst case. all the data sectors on the track will

be re-allocated because at once time or another the scquencer will not be allowed to write to them. This s
OK because we expect this to happen very rarcly.

For rcads ... TBD.

o
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New TrailBlazer Firmware Features

TrB RRR

* 20 Cross-check and ECC bytes. * 14 bytes on RoadRunner

* Double l;urst correction on the fly. * Single burst on the fly

* Triple burst offline correction. * Double burst offline correction.

* Auto wiggle error recovery.

* Bigger defect list. (426 entries) 365 defect entries.

* Up to 8 dynamic cache segments. * 4 dynamic cache segments.

* Up to 2 random write command cache.

* Concurrent read/write cache process. * No concurrent read/write process.

* Dynamic read cache allocation up to 64K on sequential read.



P

* Accu-write to buffer write data during spin up from sleep/standby mode.
* DPA phase 3 error logging und‘ reporting. (AT only)

* AT auto-read/auto-write and auto TEFR update. (AT only)

* AT LBA mode and DMA mode support. (AT only)

* SCSI-3 message & power mode support. (SCSI only)

* SCAM support. (SCSI only)
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AT Data Transfer Modes

Read/Write Sectors (P10)
Host
e e XXX X - XXX X - XXX X - XXX X - XXX X - XXX X s

B--Di-----B--Di-----B--Di-----B--Di-----B--Di----B--Dis

Read/Write Multiple (P10)

Host
e XXXXXXXXXXXXXXXX---XXXXXXXXs
Drive

B---Di e B-Dis

What is disadvantage ?

Read/Write DMA (DMA)
Host
-—--1 S
Drive
B---XXXXXXXXXXXXXXXXXis

PIO Mode 4 : 16MB/S
DMA Mode 2 : 16MB/S

I : Host Issue command. B : Drive set Busy
D : Drive set Data request. i : Drive generate iRQ14
s : Drive return Status X : Data Xfer



Auto Features

Auto Write Single Sector (KONI)
Host
- IXX XX XX XX - XXX X---X XXX
Drive

) J— B-Di------B-Di-=---B--Di-- ---

Auto Write Multiple Sectors (Leo)

Host ¢
- IX XXX XXX X XXXXXXXX---

Drive

*Write sector/Write multiple/Writre buller

Auto Read Multiple Sectors (1.eo)
Host
XXX XX XXX XXX XXX X X---

Drive

*Cache prefetch hit.

= 4
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Drive Parameter Analysis (DPA)

Following information are collected by F/W for drive failure analysis.

Number of CSS

Number of Power Cyles
Power On Hours

Grown Defects

Spin-up time

Number of recal retry count
Seek error rate

Read soft error rate




Scsi Configured AutoMagically (SCAM)

Terms

Hard ID : ID selected by jumper

Soft 1D : ID Assigned by SCAM

Default ID : Default ID on NON-SCAM bus

SCAM Capable Bus : A SCSI bus has one or more SCAM Master device
SCAM Master Device : Controls SCAM soft 1D assignment

SCAM Slave Device« Device responds to SCAM 1D assignment



Main loop

A

>

'y »<_Active_command Yes —

Decode current
command

—_Initializing Yes b

b

1S hyper-write.
prefetch. hyper seek
active

do part of read/ |
write/seek < Yes
operation

Do back ground tasks —

Yes |
| LBAtoCHS | 1
‘Yes“”’ start SEEK | ‘

i

<No

power saving
Yes

Ves—m kick of spin up.
. set accu-write

stant anq wait for
drive to spin up

|
1

<

R
Yes

Yes

y
finish writing or i
seeking !yd»No RD or WR

‘
0

b
b

prefetching

Yes

read command Nopi prefetch cleanup |

Yes

L execute CMD
i
- |
\ 4

Handshaking to

indicate CMD

done, report error

I CMD cleanup,

| update cache.
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- Prepare interface
WRITE ; handshakings

Use same and grow
Yes -9
current cache segment |

Hyper write active

No
Y
I . .
Set up new cache Sequential Yesp Combine previuos and
segment i current write
‘ No
Y A 4
LBA to CHS Wait previous write
Start SEEK : done

l‘
%

All data were ™~

enough

 Set hyper-write ,
Yi Y ) |
transferred & space for next os active ,
auto wrie |
No 4
4 ‘ /
‘ ! No Return to main loop
. Take data from Host | A :

! 3
1 - — -

write data to

1( Accu-write
disk e

' Continue to spin
active

Yes H

|
Yes
h J

. LBAtoCHS
i start SEEK |
| clear accu_write active |
| |

W

i

|

|
A 4

[
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prepare interface

I handshaking - READ
A 4
I Cache_scan
< Ves @
l‘ No
y m—
l LBA to CHS
START SEEK
|
I‘; ' h 4
’ Cache setup
l J Return
‘ X
l v

| . transfer data to host
—

Yes

~

write data to disk

|
No——»

Read data from disk to ;{
buffer

4



Rd_Wr_Seq
_Proc
Seek <«——VYes Seek needed
v §o
\ 4

Startup_sequencer :

>
>

— /L\ -
@q not busy ’{>~—— Yes — Seq_Done
\\/
No
o Sectrint? -
Yes
-
setup XFR «—No Eror? >
;\//
7Y
Yes
ECC on the fly Read ? No—  Write Error
'y —
Yes Yes
<Ew Yes 455»
o -
Y
Read Error \'
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Write error

On track retry

\ 4

On track retry

\ 4

Reallocation on err

On track retry

4

On track retry

h J

On track retry

v

On track retry |

A 4

On track retry

A 4

-

- Decrement Retry cnt |

|

A o A 4
A ol
Report error
Terminate




4

Read error

//Retrvy} ) ves—» Offline ECC correct

A 4
On track retry RUEE/ARRE ? No—»
Yes
\ 4 i J
10 write/read verity
On track retry Reallocation on err
< y
A 4 A 4
OD offtrack retry : Rfeprcr:‘:neartrgr
v

On track retry

\ 4

ID offtrack retry

h 4

On track retry

4

" On track retry

h 4

Decrement Retry cnt |

-

| —)

4

]
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PCB & Components







Capacity
Interface
MP
Buffer
Seek Time (ms)
RPM
Data rate (Mb/sec)
Max
Min
Filter
Synthesizer

Motor Driver

VCM Driver

Transfer Rate (MB/sec)

PIO
DMA
SCSi

Product Comparison

RoadRunner

210/420
AT/SCSI
75352
128
14
3600
52
29.14
8011 or 0896
SAKANA
HA 13481
HA 13490
11

13
6/10

Trailblazer

420/850
AT/SCSI
78352
128

14

4500

27.88
16.67

Programable Integral

to 3038 chip

Integral to 3038 chip

Hitachi Combo
Hitachi Combo
16

16
6/10



PCB Major Components

Description = Vendor Part Number

Read Channel

Controlier & Interface

U-Processor

Buffer RAM

Motor & VCM
Terminator (SCSI only)
EEPROM (SCSiI only)

HA153038

Leo-A (AT CF64675A)
Leo-S (SCSI CF64674A)

uP78352KK

TC511664BJ-80
LC321664AJ-80
MSM511664A80-JS
EiC611160A-80
uPD421664LE-80

HA 13545
BH9595FP-Y
NMC93C14MB

ST93C46AM1
AT93C46-10SC

Hitachi
Tl

NEC

Toshiba
Sanyo
Oki
ETRON
NEC

Hitachi
Rohm
NSemi

SGS
ATMEL

4 —_
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MAIN BLOCKS

¢ INTERFACE (AT OR SCSI)

¢ BUFFER CONTROL

¢ SERVO CONTROL

& MICROPROCESSOR INTERFACE
¢ READ/WRITE SEQUENCER

¢ MOTOR/VCM CONTROL

¢ A TO D CONVERTER

¢ ECC
¢ SERIAL INTERFACE
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AT INTERFACE

4 SUPPORTS 16 MB/SEC TRANSFER RATE

- PIO MODE 4
- DMA MODE 2

¢ LBA AND EXTENDED CHS SUPPORTED

¢ 8.33 MB/SEC SUSTAINED WITHOUT FLOW

CONTROL

¢ AUTO READ CAPABILITY EXPANDED

* READ /WRITE MULTIPLES

« AUTOMATIC MULTIPLE SECTOR TRANSFERS
WITHOUT FIRMWARE INTERVENTION

* AUTO READ ACROSS COMMAND CAPABILITY
- @ AUTO CHS/LBA

R I e B S e e B L



BUFFER CONTROL

¢ CPU PREFETCH CONTROL

¢ NON PREFETCH AREA

4 40.0 MBYTES/SEC MAX BANDWIDTH ( 60 MHZ
CLOCK AND 4 MEG 70 NS DRAM)
* 26.6 MBYTES/SEC ON TRAILBLAZER (40 MHZ CLOCK

AND 1 MEG 80 NS DRAM)

¢ OPTIMIZED ARBITRATION
- DISK FIFO INCREASED FROM 6 TO 8§ WORDS

¢ PROGRAMMABLE NUMBER OF CLOCKS PER

DRAM CYCLE

* ALLOWS OPTIMUM PERFORMANCE AT VARIOUS
BUFFER CLOCK FREQUENCY / DRAM SPEED

COMBINATIONS




READ WRITE SEQUENCER

¢ MODIFIED ADDRESS MARK DETECTION FOR
COMPATIBILITY WITH HITACHI 3038
* NO “APPLE” BIT (IMPLEMENTED IN FIRMWARE)

¢ INCREASED LOOP COUNTER TO 8 BITS TO
ALLOW > 128 SECTORS / TRACK

¢ WCS RAM INCREASED
* WAS 32 x 28, NOW 36 x 30

¢ REMOVE ENDEC
« ENDEC FUNCTION NOW IN HITACHI 3038

¢ TWO BIT PARALLEL, NRZ, BIDIRECTIONAL

DATA PATH BETWEEN LEO AND 3038 (45.5

MHZ MAX)
* TRAILBLAZER RUNS AT A MAXIMUM OF 26 MHZ




SERVO CONTROL

¢ GENERATES SIGNALS TO SHIVA TO
CONTROL BURST SAMPLING

¢ OPTIONAL 2T OR 3T IN WEDGE SYNC FIELD

€ 40 MHZ OPERATION ON TRAILBLAZER

€ INCREASED TRACK NUMBER TO 13 BITS
(NOW 8192 MAX))

e WE PROGRAMIT TO 12 BITS

¢ INCREASED SAM TO SAM COUNTER TO 13
BITS




A TO D CONVERTER

¢ SAME A TO D CELL AS IN NEKO
¢ SUPPORTS SERIAL SAMPLE MODE

) ) ,



SERIAL INTERFACE

¢ OPERATES IN BOTH READ AND WRITE
MODES

¢ SHIVA COMPATIBLE PROTOCOL




MOTOR /VCM CONTROL

¢ MOTOR CONTROL SAME AS KONI/NEKO

¢ PWM CIRCUIT REDESIGN
- 13 EFFECTIVE BITS




MICRO INTERFACE

¢ NOW SUPPORTS BOTH 8 AND 16 BIT
PROCESSORS

 WE USE 8 BIT NEC 78352 ON TRAILBLAZER




ECC BLOCK

¢ 3 INTERLEAVES
¢ 18 ECC AND 2 CROSS-CHECK BYTES

¢ INCREASED CORRECTION CAPABILITY

* GUARANTEED CORRECTION SPAN
— SINGLE BURST -17 BITS (ON THE FLY)
— DOUBLE BURST - 41 BITS (ON THE FLY)
— TRIPLE BURST - 65 BITS (OFFLINE)
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TRAILBLAZER CHANNEL ADAPTATION

PARAMETER RANGE
Window Centering +-2.4ns
Write Current 410 16 ma
Bandwidth Per Zone
Boost 10 db
Write Precomp 1.6 ns
Pt

Pl il Pl e e el e e e

STEP
03ns
0.1 ma
243 KHz
1db

0.8ns
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1.3 SYSTEM ENVIRONMENT 1.2.8 Analog To Digital Converter Functions

1.3 SYSTEM ENVIRONMENT

TRAILBLAZER

TO/FROM HOST

Leo-AT~

BUFFER
64K x 16

HDA

Q DOCUMENT NUMBER
70-X0000X 01

Figure 1-1, System Block Diagram
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Appendix A
TESTING POINTS LIST
Reference Description Comment
TP103 BFRCLK Sheet 1of SCH
TP104 SAM, TRGTRG
TP105 Index, SVFLT
TP108 uP, P03
TP201 For window margin measurement Sheet 20f SCH
(with R213 installed)
TP205 Servo Burst A
TP206 Servo Burst B
TP207 Servo Burst C
TP208 Raw DATA
TP209 Read Clock
TP210 DATAI1 of NRZ
TP211 DATAO of NRZ
TP212 Differential output X after filter
TP213 Differential output Y after filter
TP214 Differential input Y after PreAmp
TP215 " Differential input X after PreAmp
TP216 Output Test Signal of HD153038
TP217 Sampling Control Signal of SA,SB,SC
TP218 Servo mode/Read mode
TP219 Write Gate
TP220 AGCHOLD
TP221 Read Gate
TP303 Spindle Ready Sheet 20of SCH
TP304 Control Signal for VCM dniver
TP305 Voltage Reference
TP306 Spindle Enable
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T e T Ty T rrrrrrrry s e
BEBEENREIRNSRIIS 222 28858838 5888582385338

VREFH 4 —133 88 ~4—V00
ADCTEST —§—134 87 —4—B8ADD4
VREFRL —§—138 88 —4—VSS
ADCIMXO —§—136 88 —4—B8ADOS
VOOA ~{—137 84 —}—BADDS
ADCMOI0 —§—138 83 —§—8ADDR
ADCMOQY =4 —120 82 —4—BADDS
ADCMIG2 —4 —140 81 —4—8ADD1
ADCMOQS —f—141 80 —4—SHOCK
ADCMOG4 —f —142 79 —4—8ADD7
VSSA ~143 78 —{—vss

VSS —f—144 77 —4—8A0D00
MADS —4—145 76 —4—8ADDS
VOO —§—148 78 —4-—B8ADD9
MADS —§—147 74 —4—8RASN
MADS —4—148 73 4 —8CASN
MAD3 ——148 72 - —8HWEN
MAD2 - —150 71 —BLCASWE*
MAD1 —f =151 70 ~4—=VSS
MADO — —182 69 — —80ATE
VOO —4—153 68 —4—BDAT?
WPALE 4 —154 Leo-AT 67 {—80aTy
WPHWRN —1—155 35" OPTIMIZED PINOUT 88 —1—80ATS
WPLWRN —4—158 65 —4—BDAT10
WPRON —J—157 VERSION 1.0 84 - —vss
MTRINT —4—158 63 —4—8DATS
VSS 4 —159 62 —§—BDAT11
VIPWMH —§ —160 61 —4—B8DAT¢
VIPWML —§ —161 80 —4—BDAT12
VCCPWM —182 59 - —B0AT3
NMINT —4—163 : 58 —4—VDD
SEQINT 4 —164 57 —4—80DAT13
HINT —4—165 tulxaon_uz
HD? —{—108 |—80AT2
SRVOINT —4—167 854 ~4-—BDAT14
PORN - —168 53 4 —BOAT!
HO8 —§ —160 52 4—-DASP
HDS —4—170 51 —3—BDAT1S
HO® ~4—171 50 —4—8DATO
VSS 4172 49 ~4—POWUGN
MCIXSC1 ~4—173 48 —4-—VOD
VOO ~4—174 47 ~-=XTUNPY
SCNTL2 {—178 48 —4—XTOoUT1
SONTL3 4 — —4—vss
:mz ~ ownuwumwnuumm fssess8ges 5 1236
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LEO-A pin List

JDo 11/09/94 - REV A3
Table 5-1. Leo-AT Pin List

DESCRIPTION
mA pt
Total 38 pins
T | TA--- @ | 47 [Crystalinput 1 (4OMHZ)
1 OA- - - 40 46 |[Crystal output 1 (4OMHZ)
1 I TH-- 10 <1 | 168 |Power On reset
[LEDON 1 |0 --0S| 24 25 | <t | 3 |24ma Open Drain LED driver, when this signai
is low ievel the LED tum on
TESTIO! T |BTH3S| 4 | 4 | 10 | 25 | 20 | 29 |Testmputoutput 1 can be used for thgger m or
muitiplex output signal SONCE, TESTCLKC
SCI_TRIGGER. BRSTRDY, SAMFLT,
SVOFLT, WFAULT.
TESTIOZ2 1 0--28 4 4 25 20 25 | Test output 2 can be used for muitipiex output
signals SPDERR, SAM, ADCTSTO, TRGOUT,
LSYNDNO, LCRCNO, LCMONO. BOTEST.
VSS 21 |O - —> |Ground atpins # 4, 10, 20, 24, 32, 40, 45, 64,
70, 78, 86, 94, 100, 107, 114, 130, 144, 159,
172
VDD 1 | - —> | Power at pins #- 6, 36, 48, 58, 88, 96, 102,
108, 116, 132, 146, 153, 174.
AD UF Total 12 pins
VREFH 1 IA--- 133 | Voitage reterence high for A/D
VREFL 1 OA--- 135 | VoRtage reference iow for AD
VSSA 1 OA--- 143 | Anajog ground pin
VDDA 1 FA ... 137 | Ansiog power pin
ADCMX1(4:0) 5 1A--- <1 AD Mux inputs which are sequental vertially
~— > | scanned. Pin # 142,141,140,139,138.
ADCIMXO 1 |BA--- <1 | 138 [A/D in and Mux out for testing.
SRVSEL 1 |O0--28| ¢ 4 25 <1 105 | Servo select signal to R/W SHIVALITEZ.
ADCTEST 1 ITH- - 100D <t 134 | For ADC testing only. Note that this pin needs
1o connect 1o Ground for the Chip functioning.
AT VF Total 34 pins
'HOX15:0) 16 |[BTH3 S 10 | 200°| 5 Host data bus at pns # Startng trom MSE
—> | (HD-15). Pin # 31, 26, 22, 19, 12, 8, 171, 168,
168, 170, 5, 11, 15, 21, 23, 30.
HA(2:0) 3 [ITH-- 10 <1 Host address bus at pins # starting from MSB
—> |(HA-2). Pin # 43,42.41.
CSON 1 I TH- - 10 <1 44 | Host chip seiect 0.
CSIN 1 [ITH-- 10 <1 | 17 |Host chip ssiect 1.
IORN 1T [ITH-- 10 5 | 35 |Host read strobe.
IOWN 1T [ITH-- 10 5 | 34 [Host write strobe.




Table 5-1. Leo-AT Pin List

F Pin
SIGNAL | aTY | voType | 0L | 1M} AP o e I OESCRIPTION

IRQ14 1 |[0--35| 8 | & 200° | <1 | 38 |interruptto Host

IOCS16N 1 |[0--0S| & 200° | <1t 39 |indicates 16 bits 1O.

JOCHRDY 1 [0--0S| & 200° | <1 | 37 |VO channel ready.

DMARQ 1 ]0--3s|l®| B 200°| 5 | 33 |DMA request to Host, this pin needs 1K exter-
nal PD.

DMACKN 1 ITH 10 5 16 | Host DMA acknowiedge.

HRESETN 1 ITH--| = <1 2 | Host power on reset. this pin needs 10K exter-
nal PU.

EDIAGN 1 BTHOS| B 200° | <t 49 Pu;oddtmm'spinMIG(m.
nal P.U.

SSCSN 1 ITH- <1 13 | Spindle sync / Cabie select, this pin needs 10K
exemal P.U.

DASP 1 BTHOS | @ 200° | «1 52 |Drive active/siave present (24ma), this pin
needs 10K extenal P.U.

DSUMPN 1 I TH-- 5 - <1 27 | Drive Select input port .

CSJUMPN 1 I TH-- 5 - <1 18 | Cable seiect input pont .

UP F Total 32 pins

MAD(15:0) 16 B'?H 3§ 4 4 100 | 25 5 Microprocessor muttiplexed address/data.

—> | Pin # starting from MSB (MAD-15). Pin ¢
122,123,124,125,
126,127,128,129,131,145,147,148,149,150,
151,152 ’

MA23 I TH 100 | 25 5 118 | Microprocessor address 23

MA(18:16) I TH 100 | 25 5 Microprocessor address at pins # staring
{ —> |from MSB (MA-18). Pin # 119,120,121.
[UPWAITN 1 |O--28] 4 4 25 5 117 | Microprocessor wait.

UPALE 1 ITH-- 100d 5 154 | Microprocessor Address iatch.

UPRDN 1 ITH-- 10 5 157 | Microprocessor VO reed.

UPLWRN 1 ITH-- 10 5 156 | Microprocessor iow byte VO writs.

UPHWRN 1 I TH-- 10 5 155 | Microprocessor upper byte VO write.

SEQINT 1 |0--28| 4 4 25 <1 164 | Sequencer interrupt 1 Microprocessor (from
SEQ).

NMINT 1 |O--28S] 4 | 4 25 | <1 | 163 |NMI interrupt to Microprocessor (from ATIF or
SCIF moduls, host resst to Microprocessor or
slosp exit).

SRVOINT t jJO--28 4 25 <1 | 167 |Servo interrupt to Mi:opm(trunerA).
HHINT 1 [0--28| « [ 4 25 | <1 | 165 |Host ntermu to Microprocessor (from ATIF and
f SCIF).

UPICLK 1 jO-- 28] 8 8 25 40 | 115 |Microprocessor clock, programmabie

8,16,10.20 or 32Mhz.

XTLIOFFN 1 |[0--08 <1 | 56 |Tum off Crystal 1 (4OMHZ).

REFCLK 1 |0--2S| 4 4 25 40 | 108 |Retersnce clock for RW SHIVA/LITE2 (40
MHZ).

[BRAMUF Total 31 pins
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Table 5-1. Leo-AT Pin List

SIGNAL

VO Type

RP

Fmx
Mnz

DESCRIPTION

BLCASWEN

0--28

10

Bufter iower byte write enabie.

BHWEN

0.--.28

10

Bufter higher byte write enable.

BRASN

-] Al —a] -

0--28

5

Bufter row address strobe.

BHCASN

0--28

10

Buffer column address strobe.

BADD(9:0)

0--28

bb&&ba?

IOH
mA | uA
4
4
4
4
4

10

Buffer address upto 256Kx16 DRAM at pins
# starting from MS8 (BADD-9).
Pin ¢ 7578,79,82,84,87,85,83,81,77.

BDAT(15:0)

16

10

Buffer data for and intertace chip at pin #
starting from MSB (BDAT-15). Pin#
51,54,57,60,82,65,
67.00,68,08,83,81,59,55,53,50.

BFRCLK

10

External buffer clock.

MOTOR F

Total 11 pins

<1

Mux between PHASE 1 signal which & the
Spindie Phase1 CMOS output to Motor
MIGHTY , using a six state phase commutation
sequencs (132645) and MCLK signal which is
the Motor clock for Motor PEACHFUZZ | it can

be Programmed to 1Mhz, 3Mhz, SMhz, 10Mhz
or tum-off.

oC -2

<1

175

Spindie Phase2 CMOS output to MTR MIGHTY
, USINg a six state phase commutation
m(132645)

<1

176

Spindie Phase3 CMOS output to MTR MIGHTY
, USINg a six state phase commutation
m(l&éﬁ)

10

Sense phase U i driven by MTR MIGHTY
which is the output of BEMF or current sense
comparator.

ITH- -

10

Sense phase V is driven by MTR MIGHTY
which is the output of BEMF or current sense
comparator.

SENWIS

10

14

Sense phase W is driven by MTR MIGHTY
which is the output of BEMF or current sense
COMParator.

SIPWM

The pulse width modulaisd CMOS Gutpt 1o
MTR MIGHTY to control the motor current,
which requires symmetrical rise & fall times at
30pf.

VIPWMH

160

The puise width modulated most s;gnificant bl
CMOS output 10 MTR MIGHTY to control the
rise & fall times at 30pt.

VIPWML

161

The puise width modulated least significant bt
CMOS output 18 MTR MIGHTY to control the

rise & fall times at 30pf.

‘ Q DOCUMENT NUMBER

70-X0000X -0 1

TTE INECSMATION CONTAINET HEREIN IS THE PRoeremy o QUANTUM CORPORATION TWE PACSSR~E AZRETS ™2 MAINTAM

| Preferwrary (a) 1211294

Raiiie A Al Vio Saghiy

|

e

.“4 e o 4" - ‘ ‘4 .



Table 5-1. Leo-AT Pin List

QTY | VO Type

22

IOH | RP
mA | uA

Loed
pt

Fmx | Pin
Mhz| ¢

DESCRIPTION

1 A --..

Voltage reference high for The pulse width
modulated.

1 O-..258] 4

Motor interrupt, occurs once per revolution for
speed correction.

Total 4 pins

1 |[BTH3S| 4

Serial data for MTR PEACHFUZZ, & R/W
SHIVAUTE2.

1 |BTH3 S| 4

Serial clock for MTR PEACHFUZZ @ 10Mhz &
AW SHIVALITE2 @ 40Mhz.

1 ]J0--28

Serial enabie for MTR PEACHFUZZ

1 j0--258

Serial enabie for R'W SHIVAUTE2

Total 4 pine

WEDGE 1 |]O--285| 4

Servo feid for RAW SHIVA/LITEZ.

1 j0--28

QYRR

Servo strobe signal to RW SHIVAALITE2

AGCHOLD T |0 --25] 4

The AGCHOLD will lock the AGC ampiifier
gain. This signal is active high for RW SHIVA/
UTE2

10

Raw data from the puise detector of R/W
SHIVAMUTE2.

100d

Shock sensor input. Output for ADC test.

Total § pins

RDGATE 1 JO--231 &

Read Gate for R/W SHIVA/LITEZ.

RWDATAD 1 BTH3S

10

Writs data 0 to PREAMP chip or synchronized
Read Data 0 from PLL in R/'W SHIVALITE2

RWDATA1 1 BTH3S

10

Write data 1 to PREAMP chip or synchronized
Read Data 1 from PLL in RW SHIVALITE2.

RWCLK 1 ITH--

10

101

Read/Write data clock from FVW SHIVA/LITED.
RD/WR switch degiitched by LEO chip.

<1 11

Write Gate, active iow for RW SHIVALITE2 &
PREAMP chip. |

RWPDWNP 1 |O--28| 4

Read/Wris Power Down signal for RW SHIVA/]
UTE2. This signal is enable when WEDGE
changes high to low and disable before next
WEDGE goes iow 10 high, the time between
RWPDWNP goes high to low and WEDGE s
programmabie

PREACSIN 1 |O--28]| 4

<1 113

Preamp chip select 1. This pin is low active and
can be set 10 a static mods, is. the signal wil
stay high or low once 1 is set. OR & can be set
to toggie in Sync as the RWPOWNP pin.

PREACS2N 1 ]10--28| 4

<1 112

Preamp chip select 2. This pin i low active and
can be set 10 a static mode, ie. the signal wil
stay high or low once I is set. OR R can be set

to toggle in Sync as the RWPDWNP pin.
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Table 5-1. Leo-AT Pin List
SIGNAL Vo Type | 1O [ 10K | AP ";,“‘ ;",: Pn DESCRIPTION
PREAFLT ITH--| @« | @ | 10| 25 | <1 | 89 |Preamp faut signal active high from the RAW

preampiifier. in Read mode a fauk is caused by

thermal asperity, capacitance discharge

etc.

and in Write mode a fault is caused by WD! fre-
quency out of spec., No write current etc.
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0.0.1 LEO-S Pin List

z ox < -
. ezwose, & x mmmm A m._mm umn 33k
FHRITHH HHE
P HH T H T HITHHHT
| | [ [ [ [ 1 [ |
Pttt T T T T T T Ty T v P v P bbb v
§FRERLEEIRNSREEE22I O 28858033 5888588338388
VREFH 4 —133 88 -{—vo0
ADCTEST —{—134 87 —4—8ADO4
VRER. ——138 86 —4—VSS
ADCIMXO —{—138 85 4—8AD0C3
VODOA —§—137 84 ~4-—BADDS
ADCMDA0 —f —138 83 4—8ADDR
ADCMDO1 —4—139 82 —4—8ADDS
ADCMI(A2 —§ —140 81 —4—8ADD1
ADCADGS —§ —141 80 ~4—8HOCX
ADCMDO4 —f —142 79 —4—8AD07
VSSA -4 —143 78 —4—V8S
VSS 4 —144 77 —4—8AD0O0
MADS —§ —148 76 —4—8AD08
VOO ~{—148 75 ~4—8AD09
MADS — —147 74 ~4—BRASN
MAD4 —f —148 ) 73 —4—8CASN
MADS —{ —149 72 ~4—8HWEN
MAD2 -4 —150 71 4 —8LWEN
MAD1 =151 70 —4—VSS
MADO —4 —152 69 —4—80AT2
VDO —{—153 _lmo..m 68 —4—80AT?
ALE —f—154 67 —4—80ATY
:l-vl.ll;a 6 ——80aTs
WPLWRN —{—158 65 —4—BDAT10
uPRON —{—157 64 —4—vSS
MTRINT —{—158 63 —§—BDATS
vSS —4—159 62 —4—BDAT11
VIPYASH — —180 61 —§—BOAT4
VIPWML —4—161 60 — —80AT 12
VCCPWM —{—162 59 ~4—80AT3
NMINT —4—163 $8 ~4—V00
SEQINT 4 —164 57 —4—80AT13
HINT — 185 88 4 —XTLIOFFN
NC - —166 55 4—8DAT2
SRVOINT —{ —167 S4 —4—BDAT14
PORN —{—168 $3 ~4-—80DAT1
NC -4 —188 82 —4—NC
SCOATAQ - —170 $1 ~3—B8DAT1S
SCOATA1 4 —171 S0 —4—8DATD
VSS J—172 49 ~4—NC
MCLXSC1 +4—173 48 ~4—v00
VDO —{—174 €7 4—xTUNPA
SCNT\L2 4 —17% 48 —4—XTLOUT!
ngI.SM? ~ Q- NATODONSO - * 0 1” - ~ |238l-l¢u
._444H“quqqqqqqqqqm4aaqumq_mm4mmm4«4amw44qa
[ (L L T o e I e R O O O T e e A |
5 Q2 2 [ zox = z -
FEEH AR U HEHS R P L
gL 3 S8 i3 egd T<8° 83 ks 33 333
g 8 g§ 8B %<8 § 85 §@
3
Hung Nouyen Ga24/84
REVISION
70-X0000(01 Prefminary (a) 1271294
‘ NOTEE OFf PROPRETARY PROPERTY
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0.0.1 LEO-S Pin List

0.0.1 LEO-S Pin List

Leo Pin List JDo 11/09/94 - REV B2
Table 5-2. LEO-S Pin List
oL 10M rF LOAD | Fmx Pin
SIGNAL ary O TYPE mA mA wA oF e No. OESCRIFTION
SYSTEM Total 45 pins
XTUNP 1 1 [T «© 47 | Cryssi nout 1 (40MHZ)
XTLOUT1 1 OA___ 40 4 Crystal output 1 (40MH2) !
PORN 1 1T 10 10 < 168 | Power On Resst ‘
LEDON 1 o__0s 24 25 <1 3 24 mA Open Drain LED drver, when his Si0°e 8 Dw
ovel the LED wms on.
TESTIO1 1 BTHSS 4 4 10 28 20 2 Test INUOUPD 1 CaN be USed KOr INODEr M Or W~
plax Ut signais: SYOFLT, WFALALT, SONCE. TR-
GOUT, and SAM.
TESTR 1 BTHUS 10 25 20 -] Test INOUYOUDL 2 Can De USEd Koy WGDer 1 or M- |:
plax oupat soreis: LSYNDNQ, LCRCNO, LCMPNO, |
BDOP. anc ADCTEST.
VvsS 21 [« J— Grownd
Pin 84,10, 16. 20, 24, 27, 32 40. 45,84, 70, 8. 86, 94, 100,
107, 114. 130, 144, 158. 172,
VDO 14 | I Power
Pin 6, 13, 36. 48,58 88. 96. 102. 109, 116,132,146, 153, 174 |
NC 4 Spare pins (NC)
Pin & 49, 52. 168, 160. i
AD VF (ADC) Total 12 pins 1
VREPH 1 7 13 Vokage reference hugh for the AD |
VRERL 1 {7 138 Volage relersnce low for the AD |
VSSA 1 W 149 Ansiog ground pin
VDOA 1 Wo 137 ANSIOg POWer pin }
ADCMX(4:0) H W - <1 AD Mux sequential INOUts (verscally scanned)
Pin & 142 141, 140, 139, 138.
ADCIMXO 1 BAL <1 138 AD in. and Mux ot for test |'
SRVSEL 1 oc.2s [} 4 28 <t 108 Servo seiect sgre!  R/W Shivellia2 K
ADCTEST 1 (11, SN 1009 <1 134 | For ADC test onsy. Nots: This i neeas 10 be connacy ||
6 10 Ground K Proper ChEp OPSMINoN.
8CSt VF (SC IF) Total 28 pins |
SCOATA(7:0) 8 BTHOS L 00° -] SC8i Data Bun
Pine 19 18 12 11, 8.5 171, 170. l
I SCoATAPN 1 8THOS . 200 s 21 | SC8iDama Party. (
ATNN 1 BTHOS 2¢ 2000 <1 2 SCSi Anerwion.
BSYN 1 8THOS . 200 <t 23 | SCSiBusy. l
REON 1 BTHOS a 200° 10 38 | SCSIRequest
ACKN 1 8THOS 24 200° 10 2 | SCSiAcowecos.
RSTN 1 BTHOS 24 0 <1 k ] SCS! Reest.
MSGN 1 BTHOS 48 0 <1 k)| SCSI Message. d
SN 1 BTHOS 4 200° <1 33 | SCSiSelsa i
CON 1 BTHOS L7} 200" <1 k74 SCSI Command/Osta. |
ION 1 BTHOS 4 200° <1 » SCS! npuOupL. |
AUXN(SO) ¢ BTHOS 4 100 8s <1 SCSI Auxillery - Differential Control i
Pne 34,35 41,4243 &4 f
——— — - e
Q DOCUMENT NUMSBER
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0.0.1 LEO-S Pin List

Table 5-2. LEO-S Pin List
0L [ ] [ LOAD | Pmx Pin
SIGNAL Qry Vo TYPg mA mA wA of we No. DESCRPTION
I FTEST 1 mi__ 100d <1 2 SCS! use et
IBPW@P‘) Towl 33 pire
MADY{15:0) 16 BTH3S 4 ) 100 25 1) Microprocessor Multiplexed Address/Oeta. P
AUMDSNNY Stans trom the MS8 (MAD bit-185).
Ping: 122, 123, 124, 125, 126, 127, 128, 129, 131, 145, 147,
148, 149, 150, 151, 182
MA23 1 m_ 100 2 5 118 ] WCTODroCessor Adress 23
18:16 3 mi 100 b 5 Microprocessor Address Pin numbenng stans
M ) from MS8 (MA bit-18)
Pind: 119,120,121.
WPWAITN 1 o..28 [] [] F-] S 17 MICroprocessor wei.
1 m_ 1000 ] 154 MICroprocessor AGdress aich.
1 ™o 100 L 187 Microprocessor VO read.
UPLWRN 1 me . 100 ) 158 Microprocessor iow byts VO weite.
WPHWRN 1 m . 100 $ 188 MIcroprocesscr upper byts VO write.
SEQINT 1 o. .28 ¢ 4 2 <1 164 Sequencer Nt 1 Microprocessor (from the
NMINT 1 o_.2s 4 4 25 <1 163 NMI intermupt 1© he MICroproceseor (from the SC IF
MOCAS. hOSt reset 10 MICTODIOCESSOr Of SISED exit).
SRVOINT 1 o .28 4 4 25 <! 167 Servo Itemax 1 the MICIODrocessor (from the TNA
HINT 1 o.-2S§ 4 4 - <1 168 HOSt temupt 1© he Microprocessor (from the SC IF:
WPICLK 1 o..28 8 8 25 40 18 MiCroorocessor CocK. Prograrmmabis 10.20 or n 352
Mode and 10, 20 or 40 dvide-by-$ in K7 Mods.
REFCLX 1 o__28 4 4 23 L] 108 Reference cock Ior AW SHIVAAITER (40 MiH2).
XTLIOFFN 1 o _0s <1 L] Tum off Crystal 1 (40 MMH2).
ATLENA 1 m_ 1009 <1 18 Micro Aias enabdie.
ATLDSN 1 m_ . 100 <10 17 MiCro Allas data strobe.
DRAM VF (BFR) Total 81 pirns
BLCASWEN 1 o_._28 4 4 -] 10 n Bufier IOW IOwer COLITIN SACIESS Dyte writs erabie.
BHWEN 1 o. .28 4 4 - 10 T2 Bulier high Dyts wiite enadie.
BRASN 1 o_._2s 4 4 -3 s 74 Buffer row acress sabe.
BHCASN 1 o__28 4 4 2 10 e Bufer Nigh cOlIMN a0Iress Srode.
BADD(90) .10 o. .28 4 ¢ - 10 Buller Address for up 10 258Kx16 DRAM Pn
mardering starts from MS8 (BADO-9)
P78, 76,79, 82,04, 87, 05, 83, 81, 77.
BDAT (15:0) 16 8TH3S 4 4 1000 - 10 Sutier Dete for LEO and imaertace chip. Pin
numbenng sarns rom MSS (BDAT bi-15).
Pind- 51.54, 57, 60, 62, 65, 67, 09, 68, 08, 83, §1. 50, S5, 3. 5C
BFRCLX 1 m 10 0 a2 Exdermadl buller clock.
MOTOR VF (MTR) ol 11 pins
MCLKSC1 1 oc_2_ < 173 Mux betwesn PHASE | sigras which is he Spindie
Prase 1 CMOS output 1© Mor MIGHTY, usig & s
StEie phase COMMURREON SSQUENCe (132845) and
MCLX signai which is the Motor clock for Motor
PEACHRUZZ. t can be Programensd 1 1 MMz, M2
Sz, 1002 Or wmed-oll.
SCNTL2 1 oc_2_ <1 175 Spirxie Prase2 CMOS outpat © MTR MIGHTY, usrg
2 Six S0 PhESS COMITIIIAION SEQUENCS (1326845).
SCNTL3 1 oc_2_ <1 178 Spindie Prass3 CMOS outpit 1© MTR MIGHTY, using
2 Six State PARSS COMITLARION SEQUENCS (132845).
SENV 1 ITH 100d <1 7 Sense phase U is driven by MTR MIGHTY wiech & the
oulpast of BEMF Or CLITENt $6NSe COMPRrEIL.

AEVISION SHEET 8 OF 268
70000 01 Prefrminary (a) 121294

NOIKE OF PROPRIETARY PROPERTY

n THE 'NEORMATION CONTAINED HEREIN IS THE PROPERTY OF QUANTUM CORPORATION THE POSSESOR AGREES TO MAINTAIN THIS DOCUMENT IN

LT TR SEEOANACE TTOBY IS5 SS DBt A T N WWALE A oy



0.0.1 LEO-S Pin List

Table 5-2. LEO-S Pin List

°l 53

100d <1

—————e—
Sense phase V & drven Dy MTR MIGHTY whach g the
outpit or BEMF Of CUITeNt SenBe COMPRTY.

10006 <t 14

Sense pnase W is ariven by MTR MIGHTY whuch s

e ouput of BEMF or current 58NSe COMPAramY.

<1 1

The puise wickh moculaisd CMOS Guiput 1 MTR
MIGHTY 1 control he motor current. (Requares sym-
metrical rise & tail rnes at 30 pF.)

<1 160

The puise WIth MOS0 SIgNS'S MOR SIgrilcant ba

CMOS cuput © MTR MIGHTY 10 cOntrol the vocs cou

:Fm(mmmthlmuao
)

<1 161

The puise widkh MOGARISd

CMOS oupatt © MTR MIGHTY 1 consrol e Yoo cod

;nummmlumuso
)

signe’'s lsast sgreicant o

Volinge relerence high for the puise wdih modulason.

<1 158

MOIOr FESMPL. OCCUrS ONCH DY FEVORAKN 107 SD8EC
coreciion

Tomi 4 pre

Senai dsts for MTR PEACHRUZZ,
and AW SHIVAAITE2.

Serial clock 107 MTR PEACHFUZZ @ 10 M2 ana R/w
SHIVALITE2 @ 40 M2

<1

Senal snadie for MTR PEACHRUZZ.

o..28

<1

Senal enadis for RW SHIVAAITE2.

Total § pins

o_28

<1 110

Servo feid for YW S H VAALITEZ

o..28

«1 108

Servo swobe SIgne 0 AW SHIVALITEZ

o_28

»
R Ry R

<1 104

ACGHOLD will lock the AGC ampliler gan. This sgna.
s active hgh for RW SHIVALUTER.

ITHO L

10 % 103

Rew data from the pulse detector of the AW
SHIVAUTE2

ITHL -

100a 80

Shoek seneor (for Deytona program).

Tom 9 Pre

O. 28

Read Gam for AW SHIVAUITER.

10 50 ]

Write das 0 b PREAMP chip or syncivonzed Read
Oam 0 tom PLL in W SHIVAAITE2

10 0 %

Wris aia 1 © PREAMP chip or syncivorized Reac
Dam 1 rom PLL in YW SHIVALITER.

m .28

10 0 101

Reac/Writs dem Gock from AW SHIVAALITEZ,
RDMR swich degliched by LEO chip.

Oo..28

Wiits Gata, acsve w for RW SHIVAALITE2 and the
Pressp chip.

o__2s

Reacvrites Power Down sigral for AW SHIVALITE2
This signal s enabisd when WEDGE changes regh ©©
ow and daabied before he next WEDGE goes low
Ngh, e ime between RWPDWNP goes high 10 low
and WEDGE s programmatie.

PREACS 1IN

4 25 <1 13

Preamp o select 1. This pin is IOW active and can be
96t 0 § SElic Mode. Le. 1he si'el wil sigy hegh of 1ow
once & s ast. Or R can De a8t 10 VGOSN SYNC wilh the
RWPDWNP pin_

4 25 <1 112

Preasmp chp salect 2. This pin 8 10W BCEve AN can be
28t © 8 saiic mode, Le. the sigrat wil sigy hegh or low
once L is set Or R can be et ©© BOGIe In Sync wath the
RWPOWNP pin.

Q DOCUMENT NUMBER
70-X00XX 01

me (@) 1212/94

|

ToNETsny ~s

THE INFORMATION CONTAINED HEREIN IS THE PROPERTY

Preamp fmk sigra acive high rom the R/W prearmos:
e, In Read Mode 3 tauk is caused by thermal aspe: -
Ry, capaciance discharge eic. and in Writs mode a
fauk s coused by WO frequency out of spec. (No
wills et ek )

SHEET 9 OF 286

- — OF CORPORATION
v T REPRODUCE 27Pv BEVEAL DR PR, |WMEQ&> N FAQ_MWMTCWMNMSW(N

_— e



0.0.1 LEO-S Pin List : -

Notes: 1. LEO-S = 176pins.

2. 1/0 Type = a) I/O/B = In, Out, Bidirect. b) T=TTL; C = CMOS: A = Analog.
c) H = Hysteresis. d) O = Open Drain; 2/3 = 2 or 3 State.
@) S = Slew Lim.
3. IOU/IHH = Low/High Level DC current Drive (min).
4. RP = Resistance Pullup/Down (d = Down).
5. Load = Capacity load (max).
6. Fmx = Maximum frequency.
7°= Host bus load is based on cable impedance, see separate Host Interface I/O Spec. document for bus model anc
maximum loads.
8. **= These pin must not sink current when the chip has been powered down (Vdd = Vss = 0V).
9. All signais name ended with an 'N' are negative true enable

NOLICE OF PROPRIETARY PROPERLY
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Read / Write Channel






Wedge (63 x's per rev)
211.657 us

- >
1] | | |
slmo |¢I Data Seg. #1 | Data Seg. #2 | Data Seg. #3 |
Burst
ID & Wiggle Fieid
Servo Burst
11.60 us
-+ >
I N —— T
Pre-8 A
i gy | Bme ot du
1425 s 925 ns Index DC 1.05us 1.05 us
225 ns Erase B Burst Post-Burst
225 ns 1.05 us Gap
225 ns
ID Field
- 28 bytes -
|| | L]
| l ID Synec I l ID Data !
Wiggle 9 bytes D AM 6 bytes 1D D
3 bytes 1 byte ::;“ ::;m
Data Segment
554 b
- ‘ yee —
Pt
Data
15 bytes 1 byte . ECC Pad

20 bytes 6 bytes



Product: Trall Blazer 420
Rev :3.0 9/29/84 P1 builld

1D as overhead Servo overheed
Req Cap 421659 MBytes Bytes % Srv Fq 40 MHz
Spare 1 percyl [Speed Tol 030% | swvci 25 nSec . AT CHS Set up
Wiggle 3 Logical Cyinders 1008
Surf 2 1D Pre ] | SrvN 464 Clocks Logicel Heads 16
1D AM 1 Nservos 63 samples Logicel sectors 51
Rod 1.7992 in 1D Data 6 Wr-Wdg 1.5 uSec Logical Diag. Cyl. 2
Rid 08310 In 1D CRC 3 Tservo 11.60 uSec
Stroke  0.9662 In 1D Pad 6 Tdata 1989.42 uSec Total seclors 824,160
10 Gap 0 | Logical MegeBytes __ 421.97
Trk Den 3794 tpi 1D Total 28 Srv OH 5.48 %
Data overhead
RAPM  4499.64 rpm DataPre 15
Oels AM 1 Achieved Capacity = 828,323 Blocks
Certified cyls 3672 Data Pad 6 424.10138 MBytes
Data cyls 3653 Data ECC 20 100.58 %
Servowritten cyls 3670 Data Total 42 Excoss Blocks = 4771
Tinner | Zone | Rinner Mno‘ul Nsect BPI FCI | Rdata | FRcode | Fmax | Wnaw2 [NumBk| EN | Scvwdg
(Mbps) | (MHz) | (MHz) | (nsec) (%) whole
-13 4xWdg 17987 3
-1 16 170586 12 120 62,532 39,399 44 .44 66.67 16.67 7.50 1
300 0 1.6001] 400 141 65208 48,072 5200 76.00 19.60 641 56400 83.29 2
643 1 1.6288| 244 138 66,357 40,767 5083 7625 16.08 656 33672 63.20 2
881 2 1.5683] 216 138 67,250 50,437 49.70 74.55 18.64 6.71 29430 83.44 2
1007 3 1.8208] 146 133 67.821 50,865 48.89 73.33 18.33 682 19410 83.87 2
1225 4 1.4724] 218 129 68,637 51478 47.62 71.43 17.06 700 28122 83.21 2
1830 ] 1.3020] 308 126 00,607 62,273 45.71 68.57 17.14 720 38430 84.67 2
1682 [} 1.3872] 132 121 70,130 52,597 4485 67.27 16.62 743 18972 82.88 1
1832 7 1.3124 170 118 70673 53005 4370 65.56 16.39 7.63 20080 062.94 1
2024 8 1.2618] 192 114 71235 53,427 4235 63.53 15.88 7.87 21888 82.68 1
2233 ] 1.2087] 209 110 71,815 53,861 40.83 61.25 15.31 8.16 22990 8275 1
2490 10 1.1389] 267 105 72,463 54,347 J36.69 568.33 14.58 857 26085 082.94 1
2135 11 1.0744] 245 ] 73,027 54770 36.97 55.45 13.66 9.02 24255 82.26 1
2978 12 1.0103] 243 94 73519 55,139 35.00 52.50 13.13 0.52 22642 82.50 1
3211 13 09489 233 06 73.954 55,465 33.07 49.60 12.40 10.08 20504 81.75 1
3369 14 0.8094] 1688 84 74,253 55,689 31.47 47.20 11.80 10.59 16792 82.00 1
3852 76 74256 55694 2014 43.70 10.93 1144 19228 80.13 1

Certified guard 0.8314
inner guard  0.6306
4x Wdg 0.62098

-t
[+,
(=]
g
© ool



Product: Trall Blazer 840
Rev :3.0 9/20/94 P1 bulld

1D as overhead Servo overhead
Req Cap 843.317 MBytes Bytes % Srv Fq 40 MHz
Spare 1 per cyl |Speed Tol 030% | SrvCik 25 nSec AT CHS Set up
Wiggle 3 Logical Cylinders 1645
Surf 4 10 Pre 9 SrvN 464 Clocks Logical Heads 16
1D AM 1 _ | Nservos 63 samples Logical sectors 63
Rod 1.7882 in 1D Datla 6 Wr-Wdg 1.5 uSec Logical Diag. Cyl. 2
Rid 08310 in ID CRC 3 Tservo 11.60 uSec
Stroke 0.8682 In 10 Pad (] Tdata 199.42 uSec Total sectors 1,660,176
10 Gep 0 Mlcal MegaBytes  650.010
Trk Den 3794 tpl 1D Total 26 Srv OH 5.48 %
Deta overhead i
RPM 4400.64 rpm Data Pre 15 ‘
Data AM 1 Achleved Capacity = 1,660,299 Blocks ‘
Cerifled cyls 3672 DataPad 6 850.07309 MBytes \
Data cyls 3653 Osta ECC__ 20 100.80 % ‘
Servowritten cyls 3679 Deta Total 42 Excess Blocks = 13195 |
|
Tinner | Zone | Rinner N'ull Nsect 8PI FCl Rdata | FRcode Fmax Wndw/2 | Num Bk En ScVWdg i
(Mops) | (MHz) | (MHz) | (nsec) %) | whote |
-13 4xWdg 17087 3 |
-1 18 1.7056 12 120 62,532 39,399  44.44 66.67 16.67 7.50 1 i
399 0 1.6001] 400 141 65,206 46,072 $2.00 76.00 19.50 6 41 56400 83.20 2 "
643 1 1.6258] 244 138 68,357 49,767 50.83 76.25 19.08 6.56 33872 83.39 2
861 2 1.5683] 218 138 67,250 50,437 49.70 74.55 18.64 6.71 20430 83.44 2
1007 3 1.6208] 146 133 07,621 60,685 46.80 73.33 16.33 6.82 19418 83.67 2
1228 4 1.4724] 218 129 68,637 51,478 47.62 71.43 17.86 7.00 208122 803.21 2
1530 5 1.3920] 308 126 69,697 52,273 45.71 68.57 17.14 729 38430 84.67 2
1682 (] 1.3572] 132 121 70,130 652,697 44.85 67.27 16.62 7.43 15972 82.68 1
1832 7 1.3124] 170 118 70,673 53,005 43.70 65.56 16.39 7.63 20060 82.94 1
2024 8 1.2618] 102 114 71,235 53,427 4235 63.53 15.68 787 21888 82.68 1
2233 o 1.2087) 209 110 71,815 63,861 40.83 61.25 15.31 8.16 22800 82.75 1
2490 10 1.1389] 287 108 72,463 54,347 38.89 58.33 14.50 8.57 26085 82.04 1
2738 1" 1.0744] 245 29 73,027 54,770 36.97 55.45 13 86 902 24255 82.26 1
2978 12 1.0103] 243 4 73519 55,139 35.00 52.50 13.13 952 22842 82.50 1
211 13 0.0489] 233 ] 73,954 65,465 33.07 49.60 12.40 1008 20504 81.75 1
3399 14 0.8994] 168 84 74,253 55,689 31.47 47.20 11.80 10.59 16702 82.00 1
3852 18 0.8327] 283 76 74258 65,694 29.14 43.70 10.93 11.44 19228 80.13 1
Certfledguard 08314 6
innerguard 08308 3
4xWdg 06298 3
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Product: Trail Blazer 420
R/W CHANNEL SET UP

| SotupRov: 37 25105 P2 buikd Write Current chenge
Format Rev :3.0 /26/04 EJ buid

3038 Registers wP
] 8 13 15 14 18 18 22 1 K} 2 4 7 0 10 n 5 0 PWM
Zone NCy! Touter Nsect Syn-20°N/M Dets Serve Throshod  Procomp HPF  VFC  Wndw Catr NCW  NOW Iw
N M Fc  Bst Fc  Bst Llow High S N L £ 6GBw Step Renge Dsg NowZ
18 12 3663 120 20 0 60 4 k] 4 102 14 ] 4 0 2 08 “ » 196 k] m 70
0 400 0 4 k'] 10 50 4 30 4 102 144 n 16 7 2 08 62 » 104 4 m 70
1 244 400 138 ()] 10 58 4 39 4 102 144 n 16 7 2 8 61 k] 104 40 p&)] 70
2 218 644 136 41 n 56 4 30 4 102 144 10 15 4 2 68 60 k 1 L] 232 76
J 146 862 133 22 6 b6 4 k) 4 102 14 10 % & 2 8 @ » 104 » 232 70
4 218 1008 120 26 7 54 4 39 4 102 1«4 9 16 “ 2 08 4 k] 104 3 233 78
§ 305 1226 126 24 7 62 4 30 4 102 14 9 14 “ 2 68 40 k] 106 » 233 70
8 132 1531 121 37 n 51 4 39 4 102 1M 8 4 42 2 ] 4 k] 106 39 234 76
7 170 1683 118 1] 18 49 4 30 4 102 1« 8 4 42 2 68 “ k 106 k] 234 76
8 192 1833 114 54 7 48 4 39 4 102 . 7 14 49 2 08 L¥] 30 198 k] 235 78
g 209 2025 110 40 16 47 4 30 4 102 M 6 14 4 3 68 41 K 100 7 235 70
10 257 2234 105 35 12 4 5 k] 4 102 1«4 8 13 «“ 3 68 k] 3 197 k) 236 70
11 245 2491 09 81 22 L 6 35 4 102 5 13 46 3 68 7 30 107 Ll 236 70
12 243 2738 04 i) 8 . 5 n 4 102 M4 5 3 @ 3 08 k. k 198 k] 237 70
13 233 2878 68 02 2% 39 ] 20 4 102 1« 4 13 4 3 o8 n k] 108 k] 237 70
14 188 3212 84 58 25 k) 6 2] 4 102 144 k] 13 49 3 68 n k] 199 » 238 70
15 253 3400 76 50 27 35 5 25 4 102 144 3 13 4o 3 68 20 3 200 ¥» 238 78



TailBrazer

Some Common Patterns in Hitachi RLL Code

OOH
11H
22H
33H
4H
SSH
66H
7TH
88H

99H

BBH

CCH

DDH

EEH

FFH

70H OR 07H
ICHOR C1H
31C514 534CH
2FBEF8 E2 8B
5513 D9 ACH
2D 59H

DS 92H

93 AD 35 D9 SAH

AD 35 D9 SA 93H

T
6T
4T2T
6T
6T
6T
2T4T

2T4T

2T4T
3T
2T
6T
2T4T
2T

3T

4T

ST

6T6T2T2T
2T6T
6T2T
2T2T6T

2T6T2T

BBH

EEH

00H

AAH

FFH

70H OR 07TH
ICHOR CIH
31C514 53 ;CH
11H

33H

44H

SSH

CCH

66H

99H

DDH

22H

88H

2F BEFSE2 8B
2D S9H

93 AD 35 D9 SAH
AD 35 D9 5A 93H
DS 92H

5513 D9 ACH

2T
2T
3T
3T
3T
4T
4T
ST
6T |
6T
6T
6T
6T
2T4T
2T4T
2T4T
2T4T
4T2T
4T2T
3T2T
2T6T
2T2T6T
2T6T2T
6T2T

6T6T2T2T



TRAILBLAZER HEAD/MEDIA DESIGN SUMMARY

m

Head Type
{Form Factor (Core/Slider)

%Comoosne OMIG
i70%

ROAD RUNNER TRAIL BLAZER
ORIVE DESIGN
RPM 3600 4500
Channel . Peak Detection Peak Detection
Areal Density (Mb/in2), Max (ID) 122 282
TPI 2670 3790
B8P1, Max (ID) 45.7k 74.3k
FCl, Max (D) 34.3k 85.7k
Oata Rate (Mb/S), Max (OD) 29.7 82.0
HF Frequency (MHz), Max (OD) 10.5 19.5
HEAD DESIGN - SUDER |

;Comoosne DMIG
50%

‘»Numbef of Tums {36 Monorilar 33 Monofilar
inductance (uH) <2.5 <15

Resistance (Ohm) <78 <10.0

MIG Material Fe-ARSi (10-11 kG) Fe-Ta-N (15-16 kG)
Track Width (um) 80:038 55+07

Gap Length (nm) 350 + SO 250 + 50

Alr Bearing Taper Flat Offset Blend (TPC)
Flying Height (u®) 34209 252+0.75

Crown (nm) J7.5¢275 4.5+ 165

HEAD DESIGN - SUSPENSION

Suspension Type HT1870 HT1 850 LSF

Wire Tube OD (mm) 0.42 £ 0.02. Full Tube |0.30 Semi Tuberess
Z Height (mm) 0.860 + 0.013 0737

Gram Load (gram force) 7.0+£0.6 50105

DISK DESIGN

Coercivity (Oe) 1450 + 100 1800 + 130
Remanence x Thickness (Gauss-um) {450 ¢+ 30 290 £+ 20

Glide Heigitt (u°) <20 <18

e -
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Product Specitications

Trailblazer Roadrunner

Capacity (MB) 420/630/840 210/420/+
Form Factor 1" high 1" high
Seek Time 14 ms 14 ms/12 ms
RPM 4500 3600
Ruggedness

-Operational Shock (11 ms) 1049 104

-Non-op shock (11 ms) 704 704

-Vibration (5-300 Hz, P-P) 24 29
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roduct Specifications (cont.

L R o S e L . B SR S

Trailblazer Roadrunner
Acoustics (Sound Pressure)
-ldle 30 dBA 32 dBA
-Seeking 37 dBA 36 dBA
Acoustics (Sound Power)
-ldle 3.5 bels 4.0 bels
-Seeking 4.2 bels 4.5 bels
Quantum Confidential Page ME3
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1 Disk Exploded Assembly

L R R R R R 2 SR SRR BB

—Headslack Assembly
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o ) —— Cover Sound Dumper

Foam Dampet

Vo e
Coil S P -
Molor ) 7

< —

— Motor /Buse Assembily

Pruted Cocnt Buard Assembly -
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Base Assembly

° Stamped Alumlnum plate

e Integral spindle motor

e Pressed in actuator and airlock shafts
e Steel stamped side rails

®

Drive mounting
— More critical because of base flexibility

Quantum Confidential

Page MEG6



Trailblazer™ Product Training Feb. 28, 1995

Spmdle Motor Assembly

L T L

° Brushless DC type

e Hall-less driver

e 3-phase, 8-pole design

e Fixed shaft

e Counterclockwise rotation
e 4500 RPM

e Spin up time less than 5 seconds
e 4 pin motor connector
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S6000RessNE S asoscocoraananoo00000a00

— 2 head/1 disk = 420 MB
— 3 head/2 disk = 630 MB
— 4 head/2 disk = 840 MB
e Actuator
— Rotary positioner
— Single phase coil
— Voice coll motor S
— Balanced to operate in any orientation (\@/
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Headstack Assembly (cont )

° Vouce conl motor
— Single lower magnet
— Upper fluxplate

e E-Block

— Die cast aluminum
— Encapsulated coll
— Discrete bearing arrangement
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Headstack Assembly (Cont )

) Plastlc flex CII’CUIt gwde

e Heads
— 50% slider, 5.5 micron track width
— Composite MIG core
— Type 8 suspension
— 1.75 pinch minimum flying height
— Shorter wire capture

Gl
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Dlsk Stack Assembly

° Thm fllm medla

e 1.50 pinch glide height
e 1-disk version

— Disk clamp

— 3 screws
e 2-disk version

— ‘Flat’ clamp design

— Spacer

— 3 screws

Quantum Confidential
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Alrlock Assembly

i A R T
.......... s gRasne rsaseacsoossanacasonaasaa

° Magnetlc return uses stray flux from the VCM
magnet

e Integral recirculating filter
e Balanced to operate in any orientation

Quantum Confidential Page ME12



Trailblazer™ Product Training Feb. 28, 1995

8 4

e Sealing gasket
e Drawn aluminum sheet cover

Cover Assembly

e Additional sound dampening cover

Quantum Confidential
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