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· Saguaro Agend -- Monday Oct. 28 

snGunno 
USA SESSION 

Time 

• 7:00-7:30 (1) 

• 7:30-8:15 (2) 

• 8:15-9:15 (3) 

• 9:15-9:30 x 

• 9:30-11:00 (4) 

10-24-96 

Section 

Overview 

Mechanical 

Heads & Media 

Break 

Firmware 

Saguaro Training Manual 
Section 1 - Overview 

SG 1.0/2.1 

Presenter 

Charlie Helkenn 

Manchi Colah 

Saeed Foudeh, 
Francis Crimi 

TS Lee 

Page 2 



Saguaro Agenda -- Tuesday Oct. 29 

snGunno USA SESSION SG 1.0/2.1 

Time Section 
• 7:00-7:45 (5) PCB&Rd/Wr 

• 7:45-8:30 (6) Servo 

• 8:30-9:00 (7) DVT/DMT 

+ 9:00-9:15 x Break 

+ 9:15-10:00 (8) Test Process 

+ 10:00-10:45 (9) FA technique 

• 10:45-11:00 (10) Wrapup 

10-24-96 
Saguaro Training Manual 

Section 1 - Overview 

Presenter 
Minh Pham 

Joe Lillig, Joe Chen 

Seyed Saatchi 

Phillip Nguyen 

Dave Rutherford 

Charlie Helkenn & 
Mike Bolt 
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Lab Training 

snGunno sc 1.012.1 

+ 1 :00-3:00 Hands-on Dave Rutherford 

+ Where: Saguaro Lab, Building 4 downstairs 

10-24-96 
Saguaro Training Manual 

Section 1 - Overview 
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Saguaro Agenda -- Monday Oct. 28 

snGunno APAC SESSION SG 1.0/2.1 

Time Section 
+ 16:00-16:30 (1) Program Overview 

+ 16:30-17:15 (2) Mechanical 

+ 17:15-18:15 (3) Heads & Media 

+ 18:15-18:30 x Break 

+ 18:30-20:00 (4) Firmware 

10-24-96 
Saguaro Training Manual 

Section 1 - Overview 

Presenter 
Charlie Helkenn 

Manchi Colah 

Saeed Foudeh, 
Francis Crimi 

TS Lee 
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· Saguaro Ag nda -- Tuesday Oct. 29 

snGunno APAC SESSION SG 1.0/2.1 

Time Section Presenter 
+ 16:00-16:45 (5) PCB & Rd/Wr Minh Pham 

+ 16:45-17:30 (6) Servo Joe Lillig, Joe Chen 

+ 17:30-18:00 (7) DVT /DMT Seyed Saatchi 

+ 18:00-18:15 x Break 

+ 18:15-19:00 (8) Test Process 

+ 19:00-19:45 (9) FA technique 

+ 19:45:20:00 (10) Wrapup 

10-24-96 
Saguaro Training Manual 
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Phillip Nguy en 

Dave Rutherford 

Charlie Helkenn & 
Mike Bolt 
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Low Cost Innovation 
, ', / '\,'· ,,;r '0/,,'"w '',,:, ,. ~ ~ '\jj!* '4:;yc "·,;"' :9''~ "VII" Y Y Y ... Y Y Y Y Y YYY 

'; 1: ' 

snGunno What is improved with Saguaro Design? SG 1.0/2.1 

Trailblazer Saguaro 
• Stamped Sheet Metal Base • Stamped Steel Base 
• Separate Sheet Metal Rails • Integrated Steel Rails 
• Pre-amp separate from E-Block • Pre-amp mounted on E-Block arm 
• Machined Stamped E-Block • Encapsulated E-Block 
• 128K Buffer • 64K Buffer for cost savings 
• Flex Circuit wrapped around base • Shorter Flex circuit integrated into base 

How Will Saguaro Perform? 

Acoustics 

Vibration 

Shock Performance 

Benchmarks 

10-24-96 

+Steel base insulates sound better and dual top cover 
continues Trailblazer leading idle and seeking acoustics. 

+Ribbed based and tied top cover provide stronger design 
to support higher vibration spec. (lG@ 5-300Hz). 

+Improvements over Trailblazer through HDA to 
support new 150 G @ 3ms non-op shock spec. 

+ Initial firmware baselining with 64K buffer proves 
performance greater than Trailblazer. 

Saguaro Training Manual 
Section 1 - Overview 
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Product Specifications 

snGunno 

Capacity (GB) 

Interface 

Heads 

Seek Time (ms) 

RPM 

Buffer (KB) 

Data Rate (Mb/sec) 

Throughput (WMarks) 

Acoustics-Idle (dBA) 

Operational Vibration 

Power - Idle (W) 

-R/W(W) 

Volume Availability 

10-24-96 

Saguaro II 
''·''''·'.'"'rn''"''''"''"''''"°'*''''''"*''".'''•'0''•'. ,,,,,,J 

1.0/2.1 

AT 

TF-Proximity 

12 

4500 

64 

101 

830 +* 

30 * 

5-300@ lG 

3.7 

5.2 

Fireball-TM I 
l.Ojl.:?,12.1/2.5/3.:?,13.8 

AT/SCSI 

MR 

1:?,/10/10 

4500 

128 

85 

900 * 

34 

5-300 @lG 

3.8 

6.0 

Dec. '96 May '96 
Saguaro Training Manual 

Section 1 - Overview 

*=Targets 

SG 1.0/2.1 

Trailblazer I 
420/850 MB 

AT/SCSI 

Mig 

14 

4500 

128 

54 

700+ 

30 

5-250 @lG 

3.3 

4.5 

Apr. '95 
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SAGUARO 

Sept 

Program Schedule 

1995 

10-24-96 

1996 

Saguaro Training Manual 
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Program Schedule 
SAGUARO 

1/23 5/17 6/4 8/30 12/04 
I .............. 

E3 RB3 

I 

1~00 37.5 2~00 3000 
Drives Driives Dirives Drives I I I 

'.~~~ti 

Update • P2 build completed successfully with 82°/o self scan yields 

• DMT test plans in place - testing to begin in early October 

10-24-96 
Saguaro Training Manual 
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snGunno 

Saguaro MECHANICAL Oct -96 

10-24-96 
Saguaro Training Manual 
Section 2 tvlECHANICAL 

SG 1.0/2.1 
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' 

, SPECIFICATIONS 

snGunno 

+CAPACITY 

+TRACKS 

1 Disk 

1080 MB 

2Disk 

2160 MB 

+ FORM FACTOR 

+ SEEK TIME 

5650 per inch 

1" high 

12 msec 

4500 + RPM 

10-24-96 
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Section 2 MECHANICAL 
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. SPECIFICATIONS, Cont 

snGunno SG 1.0/2.1 

+ OPERATIONAL SHOCK 1 Og 11 msec, 18g 3msec 

+ NON-OP SHOCK 70g 3msec, 150g 3msec 

+OP VIBRATION 1g 5-300 Hz p-p 

+ NON-OP VIBRATION 2g 5-500 Hz P-P 

10-24-96 
Saguaro Training Manual 
Section 2 MECHANICAL 
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ON-OP ROTATIONAL SHOCK, Unlatching 

SAGUARO 

+ Airlock 11 K rad/sec2, 
2.6msec 

+ Actuator >39K rad/sec2, 
0.8msec 

10-24-96 
Saguaro Training Manual 
Section 2 MECHANICAL 

SG 1.0/2.1 

TRBL 

3.5K rad/sec2, 
3.3msec 

39K rad/sec2, 
0.8msec 
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snGunno 

ACOUSTIC SPECIFICATIONS 
', ', \,/ '<', r Yt,i§' J~< ';'.; wil'f ~«y ~ '*'{ff' ''9\ ~ V V .. V Y Y Y' ...... Y .. '9" '9" '9" 

~ "' "'• " .. 

SAGUARO 

+ SOUND POWER 
- Idle 3.58, 3.88 (+3) 

- Seeking 4.0B, 4.48 (+3) 

+ SOUND PRESSURE 

TRBL 

3.5 Bel 

4.28 

- Idle 

- Seeking 

<30dbA, 32dbA (+3) 30dbA 

35dbA, 38dbA (+3) 37dbA 

10-24-96 
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snGunno 

Saguaro Exploded View 

10-24-96 

----(.,::1;:_,- :;,-_:]' 
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snGunno 

Disk Clamp 
-.- _,. , "!!0~'~:,v ·:.·· ,. ~ ~ ~:tv ''%$#' ~P.,.. y v.,...,.. y y y y y y y y yy 

•.=.. 

11 

10-24-96 

0 " j '-

:- J,, c_, Tl IF 11 -

Saguaro Training Manual 
Section 2 MECHANICAL 

f-'. 
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G CiF;!t=FI! 1 01./21,/96 

Q 
Quantum 
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Vibration Levels (g) 

snGunno 
Drive Type 

+ Trb, 20 

+ Trb, 10 

+ Sg, P1, 20 

+ Sg, P1, 10 

+ Sg, P1, 20, Biased 

+ Sg, P2, 20, Biased 

+ Sg, P2, 10, Biased 

10-24-96 

Average 

0.066 

0.06 

0.054 

0.062 

0.039 

0.019 

0.018 

Saguaro Training Manual 
Section 2 MECHANICAL 

SG 1.0/2.1 

Max Biased? 

0.163 No 

0.134 No 

0.138 No 

0.138 No 

0.086 Yes 

0.052 Yes 

0.043 Yes 
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Summary of Drive Vibration 

snGunno 

0. 1 6 

0. 1 4 

0. 1 2 

:§ 0. 1 
c: 
:8 
~ 0 .0 8 .0 

> 

0 .04 

0 .0 2 

0 

10-24-96 

0 
N 

.ci .:: 

SG 1.0/2.1 
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Saguaro Training Manual 
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snGunno 

Saguaro Airlock 

-------~---

10-24-96 
Saguaro Training Manual 
Section 2 MECHANICAL 
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· Saguaro Airlock 

snGunno 

10-24-96 

----1 

Saguaro Training Manual 
Section 2 MECHANICAL 

SG 1.0/2.1 
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SAGUARO 

HEADSTACK ASSEMBLY 

+ FLEX GUIDE IS INTEGRAL WITH 
ENCAPSULATION. 

+ 50 °/o SLIDER. 

+ THIN FILM HEAD. 

+ FL YING HEIGHT 1 inch. 

+PRE-AMP ON ACTUATOR, CLOSER TO 
HEADS. 

10-24-96 
Saguaro Training Manual 
Section 2 MECHANICAL 

SG 1.0/2.1 
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snGunno SG 1.0/2.1 

+ FAR LESS AIRLOCK SUSCEPTIBILITY TO 
ROTATIONAL SHOCK. 

+ z height CLEARANCE FROM 0.37 mm TO 
0.57 mm. 

+SHORTER & STIFFER FLEX. 

+ FLEX GUIDE IS INTEGRAL WITH 
ENCAPSULATION. 

+ SPINDLE MOTOR TIED TO STEEL COVER. 

10-24-96 
Saguaro Training Manual 
Section 2 MECHANICAL 
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. MAIN IMPROVEMENTS OVER TRBL 

snGunno 

+ IMPROVED & MORE RIGID ACTUATOR -
STAMPED ARMS, PLASTIC ENCAPSULATION, 
INCLUDES PRE-AMP. 

+ BETTER TRACK LAYOUT TO GIVE MORE 
MARGIN FROM LANDING ZONE. 

SG 1.0/2.1 

+ ADDED UPPER MAGNET - BETTER ACOUSTICS, 
EXCELLENT LINEARITY IN TORQUE CURVE, 
BETTER SEEK TIME (14 -> 12 msec) 

+ RAILS ARE INTEGRAL WITH STEEL BASE PLATE. 

10-24-96 
Saguaro Training Manual 
Section 2 MECHANICAL 
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snGunno 

[ Saguaro H~ADS & MEDIA 10/96 I 

10-24-96 
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WHY PROXIMITY RECORDING? 

snGunno sc 1.012.1 
• Previous Inductive Thin Film programs used flying 

heads which were designed to fly above the glide 
height (highest points) of the recording disk. 

• Flying closer to the recording disk allows for higher 
storage densities. 

• In order to meet recording density of 1080 MB/disk 
using less expensive Inductive heads, the flying 
height was reduced. 

• A Proximity recording head/disk interface which is 
properly designed can meet the reliability 
requirements established by Flying Heads. 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 
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PROXIMITY RECORDING OVERVIEW 

snGunno -~ SG 1.0/2.1 
+ GENERAL DEFINITION OF PROXIMITY 

RECORDING: WHEN THE HEAD IS DESIGNED 
TO FLY BELOW THE GLIDE HEIGHT (HIGHEST 
POINTS) OF THE MEDIA. 
- THIS IMPLIES THAT THERE ARE INTERMITTENT CONTACTS BETWEEN 

THE HEAD AND THE DISK. 

+ PROXIMITY RECORDING INTERFACE 
OBJECTIVES: 
- LOW CONTAMINATION (IONIC AND PARTICULATE) 

- CONTROLLED MEDIA ROUGHNESS 

- DURABLE CARBON PROTECTIVE LA YER 

- DURABLE YET THIN LUBRICANT LA YER 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 
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snGunno 

Drive Requirements 

+ Max KFCI: 

+ TPI: 

+ Mb/in2: 

+ Channel: 

+RPM: 

10-24-96 

132 

5650 

702 

16/17 PRML 

4500 

Saguaro Training Manual 
Section 3 HEADS & MEDIA 

SG 1.0/2.1 
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· Head Design 

snGunno SG 1.0/2.1 

+ 50o/o Thin Film Inductive: 42T, 4 Layer - Center Transducer 

+ Tri-NPAB: Negative Pressure Air Bearing 

+ Flying Height: ,.__0.8 in 

+ Track Width: 

+ Gap Length: 

+ Load Force: 

+ Z-Height: 

+ Suspension: 

10-24-96 

3. 7 +/- 0.4 um, Track Trimmed 

0.22 +/- 0.022 um 

3.5 +/- 0.4 grams 

0.035 inch 

T850, 2.5mil Thru-Etch Loadbeam, 
Low Profile 

Saguaro Training Manual 
Section 3 HEADS & MEDIA 
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snGunno 

Media Design 

+ Substrate Material 
- Aluminum 

+ Sublayer Material 
- Ni-P 

+ Magnetic Layer 
- Material Co,Cr,x,x,x, 

- Coercivity (Oe) 2200 

- Remanence (G-um) 220 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 

SG 1.0/2.1 
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snsunno 

Media Design, Cont 

• Texture Ra: 
- 30-60 Angstroms Data Zone 

+ Lubricant Material 
- PFPE Based 

+Overcoat 
- Material 

- Thickness 

• Glide Height 

Nitrogen doped Carbon 

15-20 nm 

- Data Zone 1.2in 

- Landing Zone 1.5 in 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 

SG 1.0/2.1 
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SAGUARO 

Media Surface 

SG 1.0/2.1 

• Texture, Carbon and Lubricant are specially 
designed to sustain Proximity recording. 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 
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snGunno 

DESIGN REQUIREMENTS 

SG 1.0/2.1 

PROXIMITY ABS 
• ABS must have flat FH across stroke in order 

to meet areal density requirments of 1080 
MB/disk. 

• ABS designs such as Read-Rite "TriPad" 
cannot yield constant flying height. 

• Design for constant contact force across 
stroke. 

• Reduced ABS tolerance sensitivities. 
• Manufacturability. 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 
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snGunno 

PROXIMITY APPROACH 

THE ''TRl-NPAB'' 

+ Use a modified Negative Air Pressure Air 
Bearing (NPAB) design. 

SG 1.0/2.1 

• Design utilizes short side "catamarans" and a 
center transducer device location. 

• Head suppliers already have NPAB designs 
which have been modified into a center 
transducer "TRl-NPAB". 

+ Process to make TRl-NPAB designs already 
in place at suppliers. 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 
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snGunno 

BENIFITS OFTHE ''TRl-NPAB'' APPROACH 

+ Center tranducer yields less sensitivity to 
HGA roll-related issues such as bonding 
location and suspension static attitude. 

SG 1.0/2.1 

+ Negative Pressure ABS allows flexibility to 
design desired flying height and contact force. 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 
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The HEAD 

snGunno 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 

SG 1.0/2.1 
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snGunno 

Pressure Profile for Saguaro Tri-NP AB 

::! 

2 

~ 
~ 1 
Cll 

! 
a.. 0 

·1 

10-24-96 

3-D Pressure Plot SG 1.0/2.1 
YAMAHA , skew=12.37 (dgrs), radial pos=19.08 (mm), rpm=4500 

0 0 Length 

Saguaro Training Manual 
Section 3 HEADS & MEDIA 

1 

2 

1.5 

1 

0.5 

0 

·0.5 
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snGunno 

+HEADS: 

- Yamaha: Tri-NPAB ABS 

- Read-Rite: Tri-NPAB ABS 

- AMC: Tri-NPAB ABS 

+MEDIA: 

- Fuji 

- MCC 

- HMT 

10-24-96 
Saguaro Training Manual 

Section 3 HEADS & MEDIA 

SG 1.0/2.1 
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, [saguaro FIRMWARE October 1996 I 

snGunno 

10-24-96 
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snGunno 

Firmware History 

Thunderbolt 
K3 

• 
Fireball 

K7 

10-24-96 

Gemini 

J -

Road Runner 
K3 

Trailblazer 
K3 

Saguaro 
K3 

Saguaro Training Manual 
Section 4 FIRMWARE 

SG 1.0/2.1 
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snGunno 

FIRMWAR G NIZATION 

10-24-96 

Defect 
Management 

Read 
Commands 

ECG 
Correction 

Host 
Interface 

Host Reset 

Cache 
Management 

Write 
Commands 

Servo 
Control 

Power On 
Reset 

Initialization & 
POR Diagnostics 

Command 
Decoding 

Host 
Command 

Error 
Recovery 

Saguaro Training Manual 
Section 4 FIRMWARE 

Recal 

Diagnostic 
Commands 

SMART 

SG 1.0/2.1 
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snGunno 

Memory Map 

10-24-96 

SRAM 

FFFF 

cooo 

8000 

0000 

t. 

FCOO 

Cache 

-----

Overlay 

cooo 

Resident 

8000 

ROM 

_t 0000 

Saguaro Training Manual 
Section 4 FIRMWARE 

Variables 

32K 
Cache 
RAM 

Diskware 

CPU 
ROM 

SG 1.0/2.1 
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New Firmware Features 

snsunno 
Saguaro 

+ Single Burst H/W ECC 
Correction 

• Pseudo Index to speed up 
Format process 

• 5 data segment 

• Greater than 256 sectors 
per track 

+ Overlap RG to improve 
format efficiency 

SG 1.0/2.1 

Trailblazer 
• Firmware Correction 

• Hard Index 

• 4 Data Segment 

• Less than 256 sectors 
per track 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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New Firmware Features, Cont 

SAGUARO Saguaro Trailblazer sc 1.012.1 

• New defect management. 
- One Spare per track 

- Support up to 3880 defect 
entries 

- 5 byte per defect entry 

- Separate inline and offline 
defect list 

- Separate inline defect list 
by heads 

- Cylinder sparing 

- Apple trasparent auto-
real location 

- New Quantum standard 
Read Defect command 

- One spare per cylinder 

- Support up to 426 
defect entries 

- 6 byte per defect entry 

- Combined defect list 

- No cylinder sparing 

- No transparent auto-
reallocation 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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snGunno 

New Firmware Features, Cont 

Saguaro 

+ 64K SRAM 

Trailblazer 

128K DRAM 

+ New Super command overlay 

+ Dynamic cache size allocation 

+ Power On Sweeping for contact recording 

+ Servo Patrol Mode for contact recording 

+SMART 4.1 

+Time Stamp 

+ H/W Servo PER calculation 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 

SG 1.0/2.1 
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· New Firmware Features, Cont 

snGunno sc 1.0;2.1 
• New Super commands to support PRML channel 

debugging 

• New Factory Format option to initialize defect list 

• New configuration page 1 jumper reading 

• New command to support get negative track lay 
out 

• New configuration page 20 & 24 

• New CP10 & CP17 for PRML channel. 

• Change Call subroutine command to use CDB4,5 
for address 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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SAGUARO CACHE 
snGunno sG 1.012.1 

• Variable cache buffer size from 32k to 41 k 
depending on D/W code size 

• Dynamically allocate from 1 to 4 cache 
segments 

• Maximum read segment size = cache 
buffer size - rd/wr set multiple block size 

• Maximum write segment size = cache 
buffer size 

• Auto reallocate to max. segment size in 
sequential or nearly sequential mode 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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snGunno 

SAGUARO CACHE (Continued) 

+ Minimum cache segment size = SG 1.0/2.1 

- Cache buffer size /4 

+ Support full hit, partial hit: 
- Continuously prefetch upto max segment size in 

sequential reads 

+ Concurrent read/write: 
- Read full hit occurred during Hyper Write 

+ Auto-read on the fly: 
- A stream of full hit reading, F/W will simply enlarge 

cache size and update variables for more 
prefetched data. 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 

Page 10 



SAGUARO CACHE (Continued) 

snGunno . 
• Sequential Mode: SG 1.0/2.1 

- Sequential LBA 

• Nearly Sequential mode: 
- Not Sequential LBA but the LBA is within prefetch 

range 

• Random Mode: 
- LBA is not sequential nor within prefetch range 

•Auto Read: 
- Sequential Read 

• Flying Auto Read: 
- Auto Arming in Sequential Read 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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Defect Management 

SAGUARO 
• One Spare Sector per track 

SG 1.0/2.1 

- Different lists are stored on system cylinder -2 and -3: 
• Factory lnline list -

- The list contains the defects found in defect scans at the factory. 

- The P list contains the locations of the defects only. 

- There is a 4K list for each head. 

• Working list (Offline list) -

- Combination of Factory and Grown Defects. 

- It is a 3K list per drive. 

• Grown lnline list -

- this list contains the grown inline defects (normally used by 
SCSI only.) 

• lnline Bit Map list 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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snGunno 

Defect Management, Cont 

+ Types of Defects: 
- lnline Sparing 

- Offline Sparing 

- Orphan 

- Pending Defect 

SG 1.0/2.1 

+ Disable Write Cache if defect list reaches to 
the last 6 defect entries 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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SAGUARO 

Example of lnline & Offline Spares 

10-24-96 

Head 0 

Head I 

Head 0 

Head I 

Head 0 

Head I 

0 

5 

0 

0 

0 

5 

I 2 

6 7 

1 
'--_ / 
';2~ ./ 

I 2 

I 2 

6 7 

3 4 

8 9 

2 3 

3 4 

_c: 
~/· 
IL~. 

4 

8 9 

Spare 

Spare 

4 

Spare 

3 

Spare 

Normal physical sector layout. 

Normal logical sector layout. The spare is 
located on the last sector of the track. 

Physical sector layout with an inline defect. 
Note how the physical sectors are now 
numbered. 

Logical sector layout with an in line defect. 
Note how the LBA moved. 

] Logical sector layout with LBA 3 offline 
spare. Note: LBA 3 is now in the spare 
location at the end of this track. Any 
new defects will be allocated to next track. 

Saguaro Training Manual 
Section 4 FIRMWARE 

SG 1.0/2.1 
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snGunno 

Defect List Data Structure 

10-24-96 

OOh 

02h 

Defect List 

Number of entries 

defect cylinders 

14h Defect Descriptor 1 

l 9h Defect Descriptor 2 

BF9h Defect Descriptor 609 

BFAh ffh - End of List 

BFFh Checksum 

7 6 5 4 

Defect List Descriptor 

Status Byte (See below) 

offset value 

2 Cylinder - lsb 

3 ~~~d(;,~,;)l~~!~ie;-~~~~~~··~2 __ 
sector 

3 2 0 Status Byte 
L-,--'--,--"-.,.--'--..,..-"--r-'--.------.--~~ 

L__sector bit 9 

~--Unused 

Factory (P list) defect 

_________________ Unused 

Orphan 

Tnline 

pending defect 

________________________________ direction for replacement cyl. 

Saguaro Training Manual 
Section 4 FIRMWARE 

SG 1.0/2.1 
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snGunno 

Defect List St rage Map 

10-24-96 

Sector usage o.f cylinder -2 and -3 are: 
Sector 

0 
I 

2-7 
8-15 
16-23 
24-31 
32-39 
40-47 
48-55 
56-57 
58-59 
60-61 
62-63 
64-65 
66-82 

83 
84 
85 

86-194 

Descrintion 

Saved mode pages 1, 2, 20h, 37h, 38h, and 39h 
Saved mode pages 3 and 4 
Configuration pages 
Offline defect list (grown defect list) 
Grown inline defect list (SCSI) 
P list for head 0 
P list for head l 

P list for head 2 
P list for head 3 
Bit map list for head 0 
Bit map list for head 1 
Bit map list for head 2 
Bit map list for head 3 
Temporary buffer sectors 
format header bytes for 17 zones 
DPA attribute sector 
DPA variables sector 
DPA threshold sector 
Reserved 

Saguaro Training Manual 
Section 4 FIRMWARE 

SG 1.0/2.1 

Size 
1 
1 
6 

8 
8 

8 

8 

8 
8 
2 
2 
2 
2 
2 

17 
1 
1 
1 

109 
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Read Defect List 

10-24-96 

See Saguaro Training Manual 
for these pages. 
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6.7.17 Read Defect List 

The READ DEFECT UST command enables the host to retrieve the drive's defect list. Prior 
to issuing the Read Defect List command the host should issue the Read Defect List Length 
command. This command will not transfer any data. It instead stores the length in sectors 
of the defect list in the Sector Count register (1F2), and the Sector Number register (1F3), 
with the Sector Count register containing the LSB of the 2-byte value (see Table 6-18). 
The defect-list length is a fixed value for each Quantum product and can be calculated as 
follows: 

length in sectors• (((maximum number of defects)• 8 + 4) + 511)/512 

At the completion of the command, the task file registers 1F2 - 1F6 will contain bytes 
necessary to execute the Read Defect List command, and the host will only need to write 
the extended command code (FOh) to the Command register (1F7) to proceed with the 
Read Defect List command execution. 
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IDE Bus Interface and ATA Commands 

Table 6· 18 READ DEFECT UST LENGTII Command Bytes 

ADDRESS 
VALUE 

DEFINITION VALUE 
(Before) {After) 

IF2 0 Defect List Subc:ode Length in Sectors (LSB) 

IF3 FFh Password Length in Sectors (MSB) 
IF4 FFh Password FFh 

IFS 3Fh Password 3Fh 
AXh (Drive 0) Drive Select AXh =Drive 0 

IF6 
BXh (Drive I) BXh =Drive I -

IF7 FOh Extended Command Code Status Register 

Note: Registers 1F2h through 1F5h must contain the exact values shown. 
These values function as a key. The drive issues the message 
ILLEGAL COMMAND if the bytes are not entered correctly. 

The AT Read Defect List command is an extended AT command that enables the host to 
retrieve the drive's defect list. The host begins by writing to address 1F6h to select the 
drive. Then the host writes to addresses 1F2h - lFSh using values indicated in Table 6-
19. When the host subsequently writes the extended command code FOh to address 1F7h, 
the drive sets BSY, retrieves the defect list, sets DRQ, and resets BSY. The host can now 
read the requested number of sectors (512 bytes) of data. An INlRQ precedes each sector. 
Bytes 1F2h and 1F3h contain the 2-byte number of sectors that the host expects o read, 
with address 1F2h containing the LSB (see Table 6-19}. The sector count (1F2h - 1F3h) 
may vary from product to product and if the wrong value is supplied for a specific 
product, the drive will issue the ILLEGAL COMMAND message. If the host does not know 
the appropriate sector count for a specific product, it can issue the Read Defect List Length 
command, described in the previous section to set up the task file for the Read Defect List 
command. 

Table 6· 19 AT READ DEFECT UST Command Bjtes 

ADDRESS VALUE DEFINITION 

IF2 Length in Seaors (LSB) Defect List Subc:ode 

IF3 Length in Sectors (MSB) Defect List Subc:ode 
IF4 FFh Password 

IFS 3Fh Password 
AXh = DriveO Drive Select 

IF6 
BXh =Drive I -

IF7 FOh Extended Command Code 

Note: Registers 1F2h and 1F3h must contain the transfer length that is 
appropriate for the specific product, and 1F4h and 1F5h must 
contain the exact values shown. These values function as a key. The 
drive issues the message ILLEGAL COMMAND if the bytes are not 
entered correctly. 
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6.7.18 

IDE Bw Interface and ATA Commands 

Pending defects will be excluded from the list, since no alternate sector is being used as 
their replacement, and since they may be removed from the drive's internal pending list 
at a later time. Table 6-20 shows the overall format of the defect list, and Table 6-21 
shows the format of the individual defect entries. 

Table 6-20 DEFECT UST DATA FORMAT 

BYTE DESCRIPTION 

0 0 

I IDh 

2 8* (Number of Defects) (MSB) 

3 B* (Number of Defects) (LSB) 

4-11 Defect Entry #I 

12-19 Defect Entry #2 

• 
• 

Table 6-21 DEFECT ENTRY DATA FORMAT 

BYTE DESCRIPTION 

0 Defect cylinder (MSB) 

I Defect cylinder 

2 Defect cylinder (LSB) 

3 Defect head 

4 Defect sector (MSB) 

5 Defect sector 

6 Defect sector 

7 Defect sector (LSB) 

Note: Bytes 4 - 7 will be set to FFh for bad track entries. 

Configuration 

In addition to the SET FEATURES command, the Quantum Pioneer SG 1.0/2.lAT hard 
disk drives provide two configuration commands: 

• The SET CONFIGURATION command which enables the host to change 
DisCache and Error Recovery parameters 

• The READ CONFIGURATION command which enables the host to read the 
current configuration status of the drive 

See Chapter 5 for more details about DisCache and setting cache parameters. See 
Chapter 5 also for more information about error detection and defect management. 
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Error Recovery Algorithm 

SG 1.0/2.1 

+ Single Burst Hardware ECC Correction on the 
Fly 

+ Double Burst Firmware ECC Correction on 
the Fly 

+ Wiggle retry on every retry pass 

+ 6o/o Off Track Read recovery on both ID and 
OD 

+ Triple Burst Offline ECC Correction 

10-24-96 
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Error Recovery Algorithm, Cont 

snGunno sc •./' 1.0/2.1 

+ Auto reallocation on Hyper Write Error until 
defect list is full (6 entries left) 

+ Read Retries : OnTrack, OnTrack, ID Offfrack, 
OnTrack, OD Offfrack, OnTrack, ECC Offline 

+ Write Retries : 6 OnTrack retries 

+ Pending Error on uncorrectable data error. 

• Auto-reallocation of pending error on the Write 
Command 

• Auto-reallocation on correctable read error and 
write error 

10-24-96 
Saguaro Training Manual 
Section 4 FIRMWARE 
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Read Error Flow Chart 

Servo Retry 

10-24-96 

On Track 
Retry 

Continue 

ID Offtrack 
Retry 

Yes----<:::. 

Yes 

Read Error 

No 
Determine 
Retry Step 

OD Offtrack 
Retry 

On Track 
Retry 

( Error Termination )1 ..... ------c 
Yes 

~No-1 Pending Error 

Yes 

Reallocation 
Process 
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Write Error Flow Chart 

Delete Y 
Pending error ~ es 

10-24-96 

Write/Read 
Verify 

No 

Reassign 
Offline 

Write 
Process 

No~ 
Yes 

No 

6 On track 
Retry 

Yes 

Recovered Error 
continue 
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Power Mode 

SG 1.0/2.1 

+ Full Power Mode 
- Spining, Active Command, Seek, Read/ Write 

+ Idle Servo Mode 
- Spining, No Active Command 

+ Standby Mode 
- Spin Down Mode, any new command wakes up 

the drive 

+ Sleep Mode 
- Spin Down Mode, only Reset can wake up the 

drive 

10-24-96 
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Servo Patrol 
,'" ' ,, '<v, 'est'''. ~l:'1 ~';;:""',,J''~'1Ai'~ ~ ,~,, Y" f<;@r ~ -,~ • Y Y Y' Y ""I"' ""I"' Y Y 'Y'TY 

~, ~ "C:::ot ~ t ' 

+ Power On Sweeping : 
- From OD to ID 

- Sweep every track in the background 

Disable able cache 

Verify for write command 

+ Servo Patrol : Auto seek when drive is not 
active 

10-24-96 

Programmable Timers 
• T1 : Time to first seek (eg. 15 min) 

• T2 : Seek interval (eg. 30 sec) 

Programmable seek step size (eg. 30 tracks) 

Saguaro Training Manual 
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SAGUARO 

Configuration Pages 

10-24-96 

See Saguaro Training Manual 
for these pages. 
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Saguaro Configuration Pages 

Rev 02: New Patrol & Sweep control 10/18/96 

Page Length Content Default 
0 1 Customer page. 0 

0 =Generic 
1 =Apple 

1 2 Jumper setting page. (Read from ASIC jumper register.) -
*Read Only 

2 16 ASCII "QUANTUM" "QUANTUM" 
* Need to fill the remaining field with space (20H). 

3 16 Product ID. "PIONEER-1080A "* 
2 head drive = "PIONEER- I 080A 

,, 

3 head drive = "PIONEER- l 620A " 
4 head drive= "PIONEER-2160A 

,, 

* Need to fill the remaining field with space (20H). 
4 8 Drive revision. 

*Need to fill the remaining field with space (20H). 
5 12 Drive serial number. 

*Need to fill the remaining field with space (20H). 
6 32 Customer name in ASCII. "GENERIC" 

"GENERIC" 
* Need to fill the remaining field with space (20H). 

7 10 AT configuration page. 
byte 0 : AT configuration flag 1 60H 

bit 0 : Disable LED to reduce DASP noise coupling. 
bit I : Disable Verify Prefetch 
bit 2 : Disable wiggle retry. 
bit 3 : Enable cache debug. 
bit 4 : Enable command history. 
bit 5 : Enable Leo AT auto arming. 
bit 6 : Enable Leo AT auto read. 
bit 7 : Enable ACCU-WRITE. Default is no accu-write. 

byte 1 : AT configuration flag 2 80H 
bit 0: -
bit 1 : Enable seek offtrack. 
bit 2 : -
bit 3 : -
bit 4 - 5 : I/O Read delay. 

0,0 = 0 ns 
0, 1 = 10 ns 
1, 0 = 20 ns 
1, I = 30 ns 

bit 6 - 7 : DMA mode 
0, 0 = mode 1 
0, 1 = mode2 
1,0 = mode 3 
1, 1 = (Invalid) 
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byte 2 - 3 : AT logical cylinders per drive. 2101 * 
SG1080 = 2101 
SG1620 = 3152 
SG2160 = 4203 

byte 4 : AT logical heads per drive. 16* 
SG1080 = 16 
SG1620 = 16 
SG2160 = 16 

byte 5 : AT logical sectors per track. 63* 
SG1080 = 63 
SG1620 = 63 
SG2160 = 63 

byte 6 : Min. power down timeout for AT power commands. 1 
byte 7 : AT read IRQ delay. OOH 
byte 8 : AT write IRQ delay. OOH 
byte 9 : Reserved 0 

8 1 Number of heads. 2* 
SGI080 = 2 
SGI620=3 
SG2160 = 4 

9 16 Configuration validation page 
0, 1, OFF, 2, OFE, 3, OFD, 4, OFC, 5, OFB, 6, OFA, 7, OF9, 8 

10 297 Non adaptive Zone tables. 
byte 0 - I : zone 0 starting cylinder. 
byte 2 - 4 : zone 0 starting LBA. 
byte 5 - 6 : zone 0 sectors per track. 
byte 7 - 8 : zone 0 sectors per Cylinder. (SCSI zone) 
byte 9 : zone 0 synthesizer frequency. (Fb.) (reg. OBH) 
byte 10: zone 0 synthesizer frequency. (Pres.) (reg. OAH) 
byte 11 : zone 0 synthesizer. (reg. 13H) 
byte 12: zone 0 Servo Bandwidth. (reg. 04H) 
byte 13 : zone 0 Servo Boost. (reg. 02H) 
byte 14 : zone 0 Servo Threshold. (reg. ODH) 
lbyte 15 : 2SP byte count. 
byte 16: Not Used 
Repeat byte 0 to 16 for Zone I to Zone 16. 

byte 289 - 290 : Total number of cylinders. 5331 
byte 291 - 293 : Total number of sectors. 
SG1080 = 2,118,564 
SG1620 = 3,177,846 
SG2160 = 4,237,128 
byte 294: Head skew. (Number of wedge skew) 33 
byte 295 : Cylinder skew. (Number of wedge skew) 33 
byte 296 : Revision number. 25 
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I I 3 Number of user accessible sectors. (LSB first) OFF, OFF, OFF 

12 1 Scope trigger mask. OFF 
bit 0 : bump error 
bit 1 : seek timeout 
bit 2 : seek fault 
bit 3 : other servo fault 
bit 4 : ECC error 
bit 5 : sequencer error 
bit 6 : sequencer overrun/underrun 
bit 7 : sequencer timeout 

13 2 Drive family code and model ID number. 
Family code is 1 CH. lCH 
Model ID is as following. 

SG1080 = 1 1* 
SG1620 = 2 
SG2I60 = 3 

14 6 Head mapping page. 
byte 0 - 2 : Hardware head mapping information. 03,00,00 (1080MB) 

Bit number n is set ifhead n was found in Recal. OF,00,00 (2I60MB) 
byte 3 - 5 : User head mapping information. 03,00,00 (I080MB) 

Bit number n is set if head n is mapped into use. OF,00,00 (2160MB) 

15 91 Diskware overlay page. 
byte 0: Overlay number. 
byte I - 2 : Loading address. 
byte 3: Number of sectors. 
byte 4 - 5 : Cylinder number. 
byte 6 - 7 : Alternate cylinder number. 
byte 8: Starting sector number. 

Repeat byte 0 - 8 for overlay number 1 to 9 

byte 90: end of table. OFFH OFFH 

I6 1 HDA flag page. 
byte 0: HDA flag byte 0 OCOH 

bit 0: No spin down on power up recal fail. 
bit 1 : Allow drive to attempt recal on fatal error. 
bit 2: No Find Mode. Bit set will disable servo find mode. 
bit 3 : Disable idle servo. 
bit 4 : Skip Record Taking 
bit 5 : Enable servo record taking mode. 
bit 6 : Enable read on arrival. 
bit 7 : Enable Servo Patrol. 

17 953 Channel Zone tables. (Adaptive parameters.) 
byte 0 : zone 0 head 0 FIR4 (reg. l 7H). 
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byte 1 : zone 0 head 0 FIRl (reg. 18H). 
byte 2 : zone 0 head 0 FIR3 (reg. 19H). 
byte 3 : zone 0 head 0 Offset (reg. 29H). 
byte 4: zone 0 head 0 Read BW (reg. 03 and 13H). 
byte 5 : zone 0 head 0 ReadBoost (reg. OlH). 
byte 6 : zone 0 head 0 VGAtst (reg. 2bH). 
byte 7: zone 0 head 0 ZPR (reg. lOH). 
byte 8 : zone 0 head 0 PreComp (reg. 09H). 
byte 9 : zone 0 head 0 trailing coefficient (reg 25h) 
byte I 0 : zone 0 head 0 leading coefficient. (reg 26h) 
byte I 1 : zone 0 head 0 trailing delay. (reg 27h) 
byte 12: zone 0 head 0 leading delay. (reg 28h) 
byte 13: zone 0 head 0 WriteCurrent (PWM) 
byte 14 - 27: Repeat byte 0 - 13 for head 1. 
byte 28 - 41 : Repeat byte 0 - 13 for head 2. 
byte 42 - 55 : Repeat byte 0 - 13 for head 3. 
byte 56 - 111 : Repeat byte 0 - 55 for zone 1. 
byte 112 - 167 : Repeat byte 0 - 55 for zone 2. 

byte 896 - 951 : Repeat byte 0 - 55 for zone 16. 
byte 952 Drive Fcomp value 

18 360 Servo parameter page. 
4C, Time to start Servo Patrol in Second ? 
4D 

61 Servo Patrol Track Length 30 
H 

90- Servo Patrol Timer in unit of second 12CH 
91 
H 

? Sweeping control ? ? 

19 18 Error log page. (DPA page) 
byte 0 - 1 : Disk logging interval in second. 0,0 
(byte I, bit 7 = 1 : enable DPA) 
byte 2- 5: Max. # of seeks for one data range. OFF, OFF 
byte 6: Max. # of seek errors for one data range. OFF 
byte 7 - 10: Max. # of sectors read for one data range. OFF, OFF 
byte 1 I : Max.# ofread errors for one data range. OFF 
byte 12 - 13 : Max. # of spinup for one data range. OFF, OFF 
byte 14 - 15 : Max. spinup time. OFF, OFF 
byte I 6 : Max. # ofrecal retry for one data range. OFF 
byte I 7 : spare OFF 
byte I 8 - 19 : Total offline blocks to read. OFF, OFF 
byte 20 : logical blocks/seek OFF 
byte 21 : Max. # of offline read errors OFF 

byte 22: Revision. 00 

20 5 Aiko specific page. 0 
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byt DWARE (OFB18H) Diskware sequential prefetch address boundary 01, 08BH 
e registers. 
0, 1 

byt Buffer config 1 register. CONFIG 1 (OFB lEH) 07CH 
e2 

byt Buffer config 2 register. CONFIG 2 (OFB lFH) 04 
e3 

byt H/W ECC control register. ECTRL (OFB9AH) 00 
e4 

21 1 Reserved. (Adaptable servo parameters) 0 
22 3 SCSI EEPROM page. 

byte 0 : QCP bits. 0 
byte 1 : SCSI glitch filter. 0 
byte 2 : SCSI data slew rate control. lOH 

bit 0 - 1: Req slew rate control 
0, 0: slow 
0, 1 : medium 
1, x: fast 

bit 2 - 3 : Data slew rate control. 
0, 0: slow 
0, 1: medium 
l,x:fast 

bit 4 : Req pull up enable. 
bit 5 : Data pull up enable. 

23 l Reserved. (MR microjog). 0 

24 30 A TA Identify command programmable parameters. 
0 Word47 02F 
1,2 Max number of sector for set multiple command. 08,0 
3 ID data word offset pointer ?? OFF 
4,5 Value of this ID word. 0,0 
6 ID data word offset pointer ?? OFF 
7,8 Value of this ID word. 0,0 
9 ID data word offset pointer ?? OFF 
10, Value of this ID word. 0,0 
11 

12 ID data word offset pointer ?? OFF 
13, Value of this ID word. 0,0 
14 

15 ID data word offset pointer ?? OFF 
16, Value of this ID word. 0,0 
17 

18 ID data word offset pointer ?? OFF 
19, Value of this ID word. 0,0 
20 

21 ID data word offset pointer ?? OFF 
22, Value of this ID word. 0,0 
23 

24 ID data word offset pointer ?? OFF 
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25, Value of this ID word. 0,0 
26 

27 ID data word offset pointer ?? OFF 
28, Value of this ID word. 0,0 
29 
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Saguaro AT Read/Write Configuration Data 

bit default 
byte 7 l 6 l 5 l 4 I 3 I 2 J 1 J 0 
0 - 31 Quantum configuration key 
32 _[PE J CE 03 
33 Number of cache segments 08 
34 Reserved= 0 0 
35 Reserved= 0 0 
36 AWRE lARR J- lRC lEEC l- 1 - JDCR OCOH 
37 Number of retries 08 
38 ECC Correction Span 24 
39 VP _[AR J Aarm _[ - 1 - J WCE _[ RUEE j - 66H 
40-511 Reserved= 0 0 

Saguaro Configuration Information 



Saguaro SMART (DPA) Parameters 

Attribute Data Structure 

Description byte format type 
s 

Attibute ID Number I binary rd only 
Status flags 2 bit flags rd only 

Pre-Failure Warranty bit 
On-line Collection bit 
Performance Attribute type bit 
Error Rate Attribute type bit 
Event Count Attribute type bit 
Self-Preserving Attribute type bit 
Reserved bits (OxOO) 

Normalized Attribute Value 1 binary rd only 
(valid values from OxOI to OxFE) 
OxOO invalid for Attribute value - not to be used 
OxO I minimum value 
Ox64 initial value for all attributes prior to any data collection 
OxFD maximum value 
OxFE value is not valid 
OxFF invalid for Attribute value - not to be used 

Worst Ever Normalized Attribute Value 1 binary rd only 
(valid values from OxO I to OxFE) 

Raw Attribute Value 6 binary rd only 
(drive specific, values determined by the supplier) 
(OxFFFFFFFFFFFF = reserved for counts that are saturated) 

Reserved (OxOO) 1 binary rd only 

Attribute ID 0 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 0 
Status flags 2 bit flags 

Normalized Attribute Value 1 binary 

Worst Ever Normalized Attribute Value 1 binary 

Raw Attribute Value 6 binary 

Reserved (OxOO) 1 binary 

Attribute ID I : Raw Read Error Rate 
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Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 1 
Status flags 2 bit flags 09 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID 2 : Throughput Performance 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 2 
Status flags 2 bit flags 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID 3 : Spin Up Time 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) I binary 3 
Status flags 2 bit flags 27H 
Normalized Attribute Value I binary 

' Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) I binary 

Attribute ID 4 : Start/Stop Count 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) I binary 4 
Status flags 2 bit flags 32H 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) I binary 

Attribute ID 5 : Reallocated Sector Count 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) I binary 5 
Status flags 2 bit flags 32H 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value 1 binary 
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Raw Attribute Value 6 binary 
Reserved (OxOO) binary 

Attribute ID 6 : Read Channel Margin 

Description byte fonnat Value 
s 

Attibute ID Number (0 indicates this entry is not used) I binary 6 
Status flags 2 bit flags 
Nonnalized Attribute Value 1 binary 
Worst Ever Nonnalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID 7 : Seek Error Rate 

Description byte fonnat Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 7 
Status flags 2 bit flags OBH 
Nonnalized Attribute Value I binary 
Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID 8 : Seek Time Performance 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 8 

Status flags 2 bit flags 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value I binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID 9 : Power-On Hours Count 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) I binary 9 
Status flags 2 bit flags 12H 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) I binary 

Attribute ID 10 : Spin-up Retry Count 

I Description I ~yte I fonnat I Value 
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Attibute ID Number (0 indicates this entry is not used) I binary 10 
Status flags 2 bit flags 
Normalized Attribute Value I binary 
Worst Ever Normalized Attribute Value I binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) I binary 

Attribute ID 11 : Drive Calibration Retry Count 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) I binary 11 
Status flags 2 bit flags 13H 
Normalized Attribute Value I binary 
Worst Ever Normalized Attribute Value I binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID I 2 : Drive Power Cycle Count 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 12 
Status flags 2 bit flags 32 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value I binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 

Attribute ID 13 : Read Soft Error Rate 

Description byte format Value 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary 13 
Status flags 2 bit flags OBH 
Normalized Attribute Value 1 binary 
Worst Ever Normalized Attribute Value 1 binary 
Raw Attribute Value 6 binary 
Reserved (OxOO) 1 binary 
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Drive Attribute Threshold Data Structure 

Description byte format type 
s 

Attibute ID Number (0 indicates this entry is not used) 1 binary rd only 
Warranty Failure Threshold 1 binary rd/write 

(For comparison with normalized attribute values from OxOO to OxFF) 
OxOO "always passing" threshold value to be used for code test purposes 
OxO I minimum value for normal operation 
OxFD maximum value for normal operation 
OxFE invalid for threshold value - not to be used 
OxFF "always failing" threshold value to be used for code test purposes 

Reserved (OxOO) 10 binary rd/write 

Drive Attribute Threshold ID 1 : Raw Read Error Rate 

Description byte format value 
s 

Attibute ID Number 1 binary 1 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 2 : Throughput Performance 

Description byte format value 
s 

Attibute ID Number l binary 2 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 3 : Spin-up Time 

Description byte format value 
s 

Attibute ID Number 1 binary 3 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 4 : Start/Stop Count 

Description byte format value 
s 

Attibute ID Number I binary 4 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 
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Drive Attribute Threshold ID 5 : Re-allocated Sector Count 

Description byte format value 
s 

Attibute ID Number 1 binary 5 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 6 : Read Channel Margin 

Description byte format value 
s 

Attibute ID Number 1 binary 6 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 7 : Seek Error Rate 

Description byte format value 
s 

Attibute ID Number 1 binary 7 

Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 8 : Seek Time Performance 

Description byte format value 
s 

Attibute ID Number 1 binary 8 
Warranty Failure Threshold I binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 9 : Power-on Hours Count 

Description byte format value 
s 

Attibute ID Number 1 binary 9 
Warranty Failure Threshold I binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 10 : Spin Retry Count 

Description byte format value 
s 

Attibute ID Number 1 binary 10 
Warranty Failure Threshold 1 binary 
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I Reserved (OxOO) 10 I binary I oo 

Drive Attribute Threshold ID 11 : Drive Calibration Retry Count 

Description byte format value 
s 

Attibute ID Number 1 binary 11 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 12: Drive Power Cycle Count 

Description byte format value 
s 

Attibute ID Number 1 binary 12 
Warranty Failure Threshold I binary 

Reserved (OxOO) 10 binary 00 

Drive Attribute Threshold ID 13 : Read Soft Error Rate 

Description byte format value 
s 

Attibute ID Number 1 binary 13 
Warranty Failure Threshold 1 binary 

Reserved (OxOO) 10 binary 00 

Saguaro Configuration Information 



Saguaro Error Code Summary 

snGunno 
• error 0, 

• error 1, 

• error 2, 

• error 3, 

• error 4, 

• error 5, 

• error 6, 

• error 7, 

• error 8, 

• error 9, 

• error A, 

• error 8, 

10-24-96 

SG 1.0/2.1 

No Error detected at Drive level 

EC_BUFFER_RAM Error probably found in diagnostc 

EC_SEQ_RAM_FAIL Fail write sequencer format table 

EC_SEQ_ROLLOVER Sequencer rollover register faild 

EC ROM CHKSUM Internal ROM checksum error - -
EC OW CHKSUM Internal ROM checksum error - -
EC_READ_DISKWARE Error during reading of diskware 

EC_WRONG_VERSION Markers incompatible 

EC INV COMMAND Invalid command - -

EC INV LBA Invalid LBA - -

EC INV COB Invalid bits set in COB - -
EC_INV_PARAMETER Invalid field in parameters 

Saguaro Training Manual 
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Saguaro Err r Code Summary, Cont 

snGunno sc 1.012.1 
+ error C, 

+ error D, 

+ error E, 

+ error F, 

+ error 10, 

+ error 11, 

+ error 12, 

+ error 13, 

+ error 14, 

+ error 15, 

+ error 16, 

+ error 17, 

+ error 18, 

10-24-96 

EC_INVALID_CYL Invalid cylinder specified 

EC_INVALID_HEAD Invalid head specified 

EC_INVALID_SECTOR Invalid sector specified 

EC REC BAD FORMAT Read Defect Data format not avail - - -

EC_BAD_MODE_PAGE Bad parms in mode page while init 

EC RESET OCCURRED Reset occurred - -

EC BAD DFCT LIST Bad defect list 

EC NO ALT SECTS No more alternate sectors availbl 

EC DFCT LIST FULL Defect list is full 

EC_ASSERT_ERROR Firmware consistency check err 

EC_WRITE_SYSTEM Error in writing system sector 

EC_READ_SYSTEM Error in reading system sector 

Autowr cmd received while host channel disabled 

Saguaro Training Manual 
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Saguaro Error Code Summary , Cont 

snGunno 
• error 19, 

• error 1A, 

• error 18, 

• error 1C, 

• error 1 D, 

• error 1 E, 

• error 1 F, 

• error 20, 

• error 21, 

• error 22, 

• error 23, 

• error 24, 

10-24-96 

EC BAD FMT HOR 
SG 1.0/2.1 

- - -
SYS NOT USED 1 - - -
SYS NOT USED 2 - - -
SYS NOT USED 3 - - -
SYS NOT USED 4 - - -
EC_DAT A_SYNC_TMO Data field sync timeout 

EC_DAT A_SYNC_TMO RECOVERED data field sync timeout 

EC ID ECC ID ECC error - -
EC ID ECC RECOVERED ID ECC error 

EC ID SYNC TMO AM not found for ID field 

EC ID SYNC TMO RECOVERED ID AM mark not found - - -
EC NO RECORD FOUND No record found - - -

Saguaro Training Manual 
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Saguaro Error Code Summary, Cont 

snGunno 
• error 24, 

+ error 25, 

+ error 26, 

• error 27, 

+ error 28, 

+ error 29, 

+ error 2A, 

+ error 28, 

+ error 2C, 

+ error 2D, 

+ error 2E, 

+ error2F, 

+ error 30, 

10-24-96 

SG 1.0/2.1 
EC NO RECORD FOUND No record found - - -
EC NO RECORD FOUND RECOVERED no record found 

- - -

EC CRC CONT Marker for CRC/Continue 

EC CRC CONT RECOVERED marker CRC/Continue - -
EC_ID_MISCOMP Read, write ID miscompare 

EC_ID_MISCOMP RECOVERED R/W ID miscompare 

EC ID AM CONT AM not found ID intern continue 

EC ID AM CONT RECOVERED ID AM not found continu - - -
EC INVALID DATA Realloc of uncorrectbl data 

EC INVALID DATA RECOVERED rea11ocuncorrctbldata - -
EC UNDERRUN Underrun error 

EC UNDERRUN RECOVERED underrun error 

EC_WG_IN_WEDGE Write gate asserted wedge detec 
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Saguaro Err r Code Summary, Cont 

snGunno 
+ error 31, 

+ error 32, 

+ error 33, 

+ error 34, 

+ error 35, 

+ error 36, 

+ error 37, 

+ error 38, 

+ error 39, 

+ error 3A, 

• error 38, 

• error 3C, 

+ error 3D, 

10-24-96 

SG 1.0/2.1 
EC NO INDEX FOUND Nodiskindextoundontrack - - -
EC WRITE FAULT Write fault - -

EC WRITE FAULT RECOVERED Write Fault - -
EC_SEQ_TIMEOUT Sequencer timeout 

EC_SEQ_ TIMEOUT RECOVERED sequencer timeout 

EC_UNXPCTD_SEQ_ERR Unexpected sequencer error 

EC_UNXPCTD_SEQ_ERR RECOVERED unexpected seq error 

EC DATA ECC Uncorrect data field ECG error - -

EC DATA ECG RECOVERED data field ECC error - -

EC ON FLY CORRECTED - - -

EC_REC_DATA_EQUAL RECOVERED data w/2 =syndromes 

EC_REC_DATA_LAST RECOVERED data ECC last retry 

EC EC STATUS Invalid error code in r/w - - -
Saguaro Training Manual 
Section 4 FIRMWARE 
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Saguaro Error Code Summary, Cont 
,. 

snGunno 
+ error 3E, 

+ error 3F, 

+ error 40, 

+ error 41, 

+ error 42, 

+ error 43, 

+ error 44, 

+ error 45, 

+ error 46, 

+ error 47, 

+ error 48, 

+ error 49, 

+ error 4A, 

10-24-96 

EC ECC UNDER WEDGE Unrecovered - - -
EC ECC UNDER WEDGE Recovered - - -
RW NOT USED 3 - - -

RW NOT USED 4 - - -

EC_RECALING Drive up to speed and recaling 

EC_SPINNING Drive is spinning up 

EC_STOPPED Drive not been told to spin up 

SG 1.0/2.1 

EC ERASED BURST Unrecovered erase C-burst - -
EC ERASED BURST RECOVERED erase C-burst - -
EC SERVO DEFECT Unrecoverable Servo Defect - -
EC SERVO DEFECT RECOVERED Servo Defect - -
EC_BAD_SYNC Unrecoverable Bad servo sync 

EC_BAD_SYNC RECOVERED bad servo sync 
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Saguaro Err r Code Summary, Cont 

snGunno 
• error 4B, 

• error 4C, 

• error 4D, 

• error 4E, 

• error 4F, 

• error 50, 

• error 51, 

+ error 52, 

• error 53, 

• error 54, 

• error 55, 

• error 56, 

• error57, 

10-24-96 

EC BAD SAM Unrecoverable Bad SAM 
SG 1.0/2.1 

- -
EC BAD SAM RECOVERED bad SAM - -
EC BAD TRKNUM OR INDEX unrecovered Bad track numb data - - - -
EC BAD TRKNUM OR INDEX RECOVERED badtracknumberdata - - - -

EC BAD HEAD SELECT Head from ID!= selected head - - -
EC_BUMPED Unrecoverable Bump 

EC_BUMPED RECOVERED Bump 

EC_BUMP _TIMEOUT Bump timeout 

EC_BUMP _TIMEOUT RECOVERED bump timeout 

EC_UNEXPECTED_TRK_ID Unrecovrd Gray code!= desired 

EC_UNEXPECTED_TRK_ID RECOVERED Gray code!= desired 

EC_LOST_LOCK Unrec mult bad Sync/SAM Settle/Ontrk 

EC_LOST _LOCK RECOVERED mult sync/SAM settletontrk 
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Saguaro Err r Code Summary, Cont 

snGunno sc 1.012.1 
• error 58, 

• error 59, 

• error 5A, 

• error 58, 

• error 5C, 

• error 50, 

• error 5E, 

• error 5F, 

• error 60, 

• error 61, 

• error 62, 

• error 63, 

• error 64, 

10-24-96 

EC_OUT_SPEED Unrecoverable Speed out of range 

EC_ OUT_SPEED RECOVERED speed out of range 

EC SVO STATUS Invalid servo status w/err bits set - - -

EC SVO STATUS RECOVERED Invalid servo status - - -

SVO NOT USED 1 - - -

SVO NOT USED 2 - - -

SVO NOT USED 3 - -
SVO NOT USED 4 - -
EC SEEK ERROR Seek error - -
EC SEEK ERROR RECOVERED seek error - -
EC SEEK TIMEOUT Seek timeout with no servo fault 

EC SEEK TIMEOUT RECOVERED seek timeout wino svoflt - -

EC_SEEK_LOST_LOCK Unrec mult bad Sync/SAM SeeklSR 
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Saguaro Err r Code Summary, Cont 

snGunno sc 1.012.1 
+ error S8, 

• error S9, 

• error 5A, 

• error SB, 

+ error SC, 

+ error 5D, 

+ error SE, 

+ error 5F, 

+ error 60, 

+ error 61, 

+ error 62, 

+ error 63, 

+ error 64, 

10-24-96 

EC_OUT_SPEED Unrecoverable Speed out of range 

EC_ OUT_SPEED RECOVERED speed out of range 

EC SVO STATUS Invalid servo status w/err bits set - - -

EC SVO STATUS RECOVERED Invalid servo status - - -

SVO NOT USED 1 - -
SVO NOT USED 2 - - -
SVO NOT USED 3 

SVO NOT USED 4 - - -
EC SEEK ERROR Seek error 

EC SEEK ERROR RECOVERED seek error - -

EC SEEK TIMEOUT Seek timeout with no servo fault - -

EC SEEK TIMEOUT RECOVERED seek timeout wino svoflt - -

EC_SEEK_LOST _LOCK Unrec mult bad Sync/SAM SeeklSR 
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Saguaro Error Code Summary, Cont 

snGunno 
+ error 65, 

+ error 66, 

+ error 67, 

+ error 68, 

+ error 69, 

+ error 6A, 

+ error 6A, 

+ error 68, 

+ error 6C, 

+ error 6D, 

+ error 6E, 

+ error6F, 

+ error 70, 

10-24-96 

SG 1.0/2.1 
EC_SEEK_LOST_LOCK RECOVERED mult Sync/SAM Seek ISR 

SK NOT USED 0 - - -

SK NOT USED 1 - - -

EC_MOTOR_FAUL T Motor unable to get up to speed 

EC_MOTOR_FAULT RECOVERED motor unable get speed 

EC TRKO NOT FOUND Track 0 not found - - -

EC_RCL_CS_PES Coarse Slope PES Gain calibration 

EC_RCL_CS_PES RECOVERED Coarse Slope PES calibrat 

EC_RCL_AEQBH Fine Slope PES Gain calib AEQBH 

EC_RCL_AEQBH RECOVERED Fine Slope PES calibAEQBH 

EC_RCL_AEQBL Fine Slope PES Gain calib AEQBL 

EC_RCL_AEQBL RECOVERED Fine Slope PES calib AEQBL 

EC RCL ON TRACK RCL FLT- Cannot Lock to track - - -
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Saguaro Error Code Summary, Cont 

snGunno 
+ error 71, 

+ error 72, 

• error 73, 

+ error 74, 

+ error 75, 

+ error 76, 

+ error 77, 

+ error 78, 

+ error 79, 

+ error 7 A, 

• error 78, 

+ error 7C, 

10-24-96 

SG 1.0/2.1 
EC RCL ON TRACK RECOVERED cannot Lock to track - -

EC_RCL_NO_SAM Can't detect SAM during unparking 

EC_RCL_NO_SAM RECOVERED detect SAM during unprk 

EC_RCL_FAIL_WEDGE_SYNC Cant sk to wedge sync area 

EC_RCL_FAIL_WEDGE_SYNC_RECOVERED wedge sync seek 

EC_RCL_MAP_HDS Can't detect reliable SAM any head 

EC_RCL_MAP _HOS RECOVERED detect SAM on any head 

EC_RCL_SK_OD Can't seek to OD near Sys Cyl 

EC_RCL_SK_OD RECOVERED seek to OD near Sys Cyl 

EC_RCL_SK_FS_PES Can't seek Fine Slope PES cal trk 

EC RCL SK FS PES RECOVERED seek Fine SLP cal trk - - - -
EC_RCL_SK_NULLI Seek fail during Nulli calibratn 
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Saguaro Error Code Summary, Cont 

snGunno 
+ error ?D, 

+ error ?E, 

+ error 7F, 

+ error 80, 

+ error 81, 

+ error 82, 

+ error 83, 

+ error 84, 

+ error 85, 

+ error 86, 

+ error 87, 

+ error 88, 

+ error 89, 

10-24-96 

SG 1.0/2.1 
EC_RCL_SK_NULLI RECOVERED Seek during Nulli calib 

EC_RCL_SK_VSCALE Seek fail during V_SCALE adapt 

EC_RCL_SK_VSCALE RECOVERED Seek in V_SCALE adapt 

EC_RCL_SK_KLOOP Seek failure during KLOOP calibr 

EC_RCL_SK_KLOOP RECOVERED Seek during KLOOP calib · 

EC_RCL_SK_RRO Seek failure during RRO calib 

EC_RCL_SK_RRO RECOVERED Seek during RRO calib 

EC_RCL_SK_REZERO Seek fail track 0 during rezero 

EC_RCL_SK_REZERO RECOVERED seek tkO during rezero 

EC_RCL_KLOOP Unable to complete KLOOP calibrat 

EC_RCL_KLOOP RECOVERED to complete KLOOP calib 

EC_RCL_RRO Unable to complete RRO calibratn 

EC_RCL_RRO RECOVERED to complete RRO calib 
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Saguaro Error Code Summary, Cont 

SAGUARO 
• error BA, 

• error BB, 

• error BC, 

• error 8D, 

+ error BE, 

• error BF, 

+ error 90, 

• error 91, 

• error 92, 

• error 93, 

• error 94, 

+ error 95, 

+ error 96, 

10-24-96 

SG 1.0/2.1 
EC_RCL_LOCK_SAM Unable to lock TNA in OD unpark 

EC_RCL_LOCK_SAM RECOVERED lock TNA in OD unpark 

EC_RCL_UNPRK_TRK_TOUT TNA lock tout wait unpk trk 

EC_RCL_UNPRK_TRK_TOUT RECOVERED found unparktrack 

EC_RCL_CANT_READ_TRK TNA lock, trkid fail unpktrk 

EC_RCL_CANT_READ_TRK RECOVERED trk id while unprk 

EC RCL CANT STOP VCM VCM too fast. - - - -

EC RCL CANT STOP VCM RECOVERED VCM too fast - - - -
RCL NOT USED 0 - - -
RCL NOT USED 1 - - -
RCL NOT USED 2 - - -
RCL NOT USED 3 - - -
RCL NOT USED 4 - - -
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Saguaro Error Code Summary, Cont 

snGunno 
+ error 97, 

+ error 98, 

+ error 99, 

+ error 9A, 

+ error 98, 

+ error 9C, 

+ error 90, 

+ error 9E, 

+ error 9F, 

+ error AO, 

+ error A1, 

+ error A2, 

10-24-96 

SG 1.0/2.1 
EC PARAMETER OVR Parameter overrun - -
EC_SCSl_PARITY SCSI Bus parity error 

EC_MODE_CHANGED Mode select parameters changed 

EC_TARGET_RE_SELECT A target attempted re-select 

EC_SYNC_XFER Synchronous transfer error 

EC_INV_SYNC_PARMS lnval period/offst in sync msg 

EC ACTIVE SELECT Actve initor slct while discon - -
EC_INV_LUN Invalid lun specified 

EC_MSG_REJECT Message reject error 

EC RESELECT TIMEOUT Initiator did not reselect - -
EC INIT DET ERR Initiator detected error 

EC_FIRMWARE_1 Rejct msg shld never been sent 
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Saguaro Error Code Summary, Cont 
~- ~' ' 

SAGUARO 
• error A3, 

• error A4, 

• error AS, 

• error A6, 

• error A?, 

• error AB, 

• error A9, 

• error AA, 

• error AB, 

• error AC, 

• error AD, 

• error AE, 

• error AF, 

10-24-96 

SG 1.0/2.1 
EC ABORT_MSG Response for an Abort message 

EC_DOUBLE_SELECT Attempt select drive 2nd time 

EC_UNXPCT_SIC_INT Unexpected SIC interrupt 

EC_SYNC_REQ_ACK Synchronous acknowledge error 

EC_SYNC_ACK Synchronous acknowledge error 

EC SIC Undocumented SIC error 

EC FIFO LOAD Undocumented SIC error 

EC FIFO UNLOAD Undocumented SIC error - -
EC FIFO PRED FULL Undocumented SIC error 

EC RAM PARITY Undocumented SIC error 

EC MED FMT CORRPT Undocumented SIC error - - -
EC NA COMMAND Undocumented SIC error - -
EC BURN IN TEST Undocumented SIC error 
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l 0-24-96 

PCB & READ/WRITE 

Saguaro Training l\r1anual 
Section 5 - PCB & READ/WRITE 

SG 1.0/2.1 

Page 1 



PCB Block Diagram 

SAGUARO SG 1.0/2.1 
----------------------------------------------... ROX ROY 11-------~~RD DATA 

Sapporo Read/Write Channel 
WR DATA ... -•--.:---------11wR DATA 

HDA 

VCM 

SPM 

-.._ 

"' ,,... 

P14,15 

NEC 
78352 

RESET 

P34,35,36 

VCM & MOTOR ...,."""'-H--t------' 
CONTROLS ,.._ 

VREF OUT t---

CLKIN -
ADDR ~ 
(0-15) 

........... 

--P20-24 --

SERIAL RD/WR SERVO RAW 
PWR 

BUS DATA BURST DATA 

~, ,, w 

~' 

,_ SERIAL RD/WR 
BUS CLK 

40 MHz __.,, 
SCAIKO - INTERRUPTS 

PWM 
HI/LOW BADDR BDAH 

r--
(0-8) (0-15) _A/fL.BEE. ~ 

A~ J ~ , ~ ~ ~ 

J;fTA (0-1~ 

AT-IDE eus .. . 
IDE CONTROL BUS 

-WE 
ComboPWR 
Driver ... SRAM 

64x8 

10-24-96 
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snGunno 

SAGUARO READ/WRITE CHANNEL 

TRAINED PARAMETERS 

+ WRITE CURRENT. 

+ WRITE PRE COMP. 

+BOOST. 

+ BANDWIDTH. 

+ ZPR. 

+OFFSET. 

+VGA. 

+ PTF. 

+ FIR 
10-24-96 
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Track Format 

10-24-96 

Wedge 
~ 

(80 x's per rev) 166 !IS ... 

Servo 
Burst 

I I I t Data Seg. #1 Data Scg. #2 Data Seg. #3 Data Seg. #4 

rn & Wiggle Field 

Servo Burst* 

AGC & Sync 
3.75 JlS 

ID Field* 

SAM 
650 ns 

I II 
Index 
150 ns 

10.250 11s 

13 Bit Track Number I I 
1.950 JlS 

Pre- Burst A Burst 

375 ns 1.1 µs 
C Burst 
1.1 µs 

B Burst 
1.lµs 

11 

Post-Burst Gap 
75 ns 

--• ..... ~~~~~~~~~~~~~-::!4~5~b~y~te~s~~~~~~~~~~~~~~~~~~~.....,.__ 

I I ID Pre I I ID Data I 
ID 

Wiggle 
3 bytes 

12 ID AM 9 bytes ID Pad 
~~ 4 ~~ me 

3 bytes 
14 bytes 

Data Segment* 

Data** 
Sync 

19 bytes, zone 0 

13 bytes, zone 15 

•• Varies by zone 

II 
AM 
4 bytes 

569 bytes, zone 0 

bytes ** 560 bytes, zone 15 

Data 
<=512 bytes 

Saguaro Training Manual 
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ECC 
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I I 
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Pad 

14 bytes, zone 0 
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Zone Specifications 

Zone Zone 
Zone outside Inner 

Number Radius Radius 

System 1.7777 1.7756 
0 1.7756 1.7006 
1 1.7006 1.6408 
2 1.6408 1.5625 
3 1.5625 1.5Q20 
4 1.5020 1.4'14 
5 1.4'14 1.3972 
6 1.3972 1.3252 
7 1.3252 1.2654 
8 1.2654 1.2142 
9 1.2142 1.1512 

10 1.1512 1.0942 
11 1.0942 1.003 7 
12 1.0037 0.9roO 
13 o.9mo 0.9039 
14 0.9039 0.8696 
15 08696 0.8:3'21 

10-24-96 

Sectms Sectms Bytes Data "1ite 
Per Per Per Rate Clock 

No. CvL Tuu:k Zone Sector (Mb /S ~ ~1 _m:1Hx;l 

12 200 2400 512 76.64 
401 266 106666 .512 100.~ 
351 256 92416 512 96.81 
442 245 108210 512 92.41 
~2 240 82030 512 83.00 
'2£9 228 61 ;J.32 512 86.27 
3'23 220 71060 512 '(f2 .~ 

407 208 84&56 512 IB.IB 
332 200 65400 512 75.21 
215 190 56050 512 72.16 
356 180 64000 512 83.36 
3'22 170 '1740 512 64.91 
483 160 77260 512 ~.ro 

219 150 :3'2850 512 57.33 
345 140 48~0 512 53.57 
222 133 :l95'26 512 51.15 
212 125 '2£~0 512 48.67 

Saguaro Training Manual 
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81.43 
106.67 
102.86 
98.18 
94.55 
91.67 
88.18 
83.m 
80.00 
76.67 
72.ffi 
68.97 
63.43 
60.91 
56.92 
54.35 
51.71 

SG 1.0/2.1 

Fmax 
(Sine) l.Yndw/2 
mrni) 1nSetj_ 

20.% 1228 
26.67 9 .38 
25.71 9.72 
24.55 10.19 
23.64 1058 
22.92 10 .91 
22.05 11.34 
20.9.3 11.95 
20.00 1250 
19.17 13D4 
18.16 13.77 
17.24 1450 
15.86 15.77 
15.23 16.42 
14.23 17 57 
13.~ 18.40 
12.9.3 1954 
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SCAIKO-A ASIC MAIN BLOCKS 
,.,... 

snsunno 
+ HOST INTERFACE. 

+ BUFFER CONTROL. 

+ MOTOR/VCM INTERFACE. 

+ SERVO CONTROL. 

+ SERIAL INTERFACE. 

+ MICROPROCESSOR INTERFACE. 

+ SEQUENCER CONTROL. 

+ ERROR CORRECTION CONTROL. 

+TIME STAMP. 

10-24-96 
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. MICROCONTROLER 

snGunno 

THE NEC UP78352 IS A MEMBER OF THE 
K-SERIES OF MICROCONTROLER. 

+ 40 MHZ CLOCK OPERATION. 

+ BUILD-IN ROM 32K X 8 BITS. 

+ BUILD-IN RAM 640 X 8 BITS. 

10-2~-96 
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PREAMP 
SAGUARO SG 1.0/2.1 

VTC AND HITACHI 4-CHANNEL PREAMPLIFIER 

+READ GAIN 300 V/V +/- 17o/o. 

+ BANDWIDTH OF HITACHI 85 MHZ. 

+ BANDWIDTH OF VTC 65 MHZ. 

+ INPUT NOISE 0.52 nV/ HZ. 

+ WRITE CURRENT RANGE 2-15 mA. 

+ INPUT CAPACITANCE 10PF. 

+ SINGLE POWER SUPPLY +5V. 

+ LOW POWER 200mW. 

10-24-96 
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SRAM 

snGunno SG 1.0/2.1 

+ 25ns 64K X 8 SRAM. 

+ 24.5 Mbytes/Sec. MAXIMUM BUFFER BANDWIDTH 

+ 12 WORD FIFOs FOR THE HOST. 

+ 12 WORD FIFOs FOR THE DISK INTERFACE. 

+ 4 WORD PREFETCH FOR UP CODE 

10-24-96 
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MOTOR/VCM 

SG 1.0/2.1 

COMBO (HA 13555F) INCLUDES THE VCM 

DRIVER AND THE SPINDLE MOTOR DRIVER. 
- THIS IS A DIE-SHRINK VERSION OF THE 

HA13545F COMBO. 

+ DYNAMIC BRAKING FOR NON-POWER 
DOWN MODE. 

10-24-96 
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. MOTOR/VCM, Cont 

SnGUnRO a~ SG 1.0/2.1 

+ 1.8 A MAX 3 PHASE MOTOR DRIVER 
- 900mA MAX 

+ 1.2 A MAX VCM DRIVER 
- 600mA MAX 

+ SOFT SWITCHING SPINDLE DRIVE. 

+ POR MONITORS BOTH 5V AND 12V 
SUPPLY. 

+AUTO-PARK IN CASE OF POWER DOWN. 

+ SPEED DISCRIMINATION. 

10-24-96 
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SUGUURO 

Sapporo Block Diagram 

10-24-96 

Refer to Training Manual 
for the Block Diagram 
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Sapporo Block Diagram 

Show 

Sample----------------------~ 
1----------i 

0.s::;:~d. 1 ____ -! ______ _:_:A.:.:-na'-'l"-'og.,._0'-141i 

Register 

Interface 

Register 
File 

RdP.N I F Input 0 Squelch Amplifier 

Ch __ onN To all analog 

Autozero blocks 

ServoGate 

RdGate 

ReselN 
System 
Control 

WrGateN * -~~~-.J 

Infrastructure 
Circuits 

Analog & Dig. 
Test Mux's 

Quality 
Monitor 

Servo 
AGC 

from 
Diff. -

HighPass 
Filter 

[_., Servo PW 1 _______ S!='---')l_,,V 
·-·----- Modulator 

Srv Pulse 1 ___________ __ s_r_'e_a_,,k 
Detector 

Timing 
Loop 

Offset 
Loop 

PTF 
Fillers 

Viterbi 
4> Detector ·!> Decodin 

& 

Encodin 

Freq. 
Synth. 

Customer 
Data 
lnteiface 

·-------~- DBIBGBin 
l'.:'..'.'.'... Loop 4--

Write 
PreComp. 



snGunno 

SAPPORO READ/WRITE CHANNEL 

SG 1.0/2.1 

+ SAPPORO IS A SINGLE-CHIP PR4 RD/WR 
CHANNEL CUSTOM-DESIGNED BY 
- QUANTUM AND CIRRUS LOGIC. 

+MAXIMUM CUSTOMER DATA RATE 
- 115Mbps. 

+ 16/17 CHANNEL CODE. 

10-24-96 
Saguaro Training Manual 

Section 5 - PCB & READ/WRITE 
Page 13 



. SAPPORO READ/WRITE CHANNEL 

snGunno 
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+ 0.6 MICRON CMOS PROCESS WITH 
3-LAYER METAL. 

+ANALOG FRONT-END AND DIGITAL 
BACK-END IMPLEMENTATION. 

+ SINGLE SUPPLY VOLTAGE +5V. 

+ POWER MAXIMUM 2W, FLEXIBLE 
POWER CONTROL 

10-24-96 
Saguaro Training Manual 

Section 5 - PCB & READ/WRITE 

SG 1.0/2.1 

Page 14 
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AT Pump 

10-24-96 

Refer to Training Manual 
for the 

AT Pump Assembly Drawing 

Saguaro Training Manual 
Section 5 - PCB & READ/WRITE 

SG 1.0/2.1 

Page 15 



SAGUARO AT PMP 

Assembly Drawing 

10-111584-04 REV A 

l.allt fdl: 1O/l5M 

- 0 ---- --------
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l I I I I 111111111 

1111111111111111 
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Q20l 

1111111111111111111 11111111111111111111 
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Saguaro Bill of Materials 

10-24-96 

Refer to Training Manual 
for the BOM 

Saguaro Training Manual 
Section 5 - PCB & READ/WRITE 

SG 1.0/2.1 

Page 16 



SAGUARO PMP Revised: October 18, 1996 
80-111584-04 Revision: 1.0 
Bill Of Materials October 18, 1996 14:53:06 Page 

Item Quantity Reference Part 

CR101 LED,0805,GRN 
2 CR102 UMN1N,UM5, 
3 CR201 1SS355,USM, 
4 CR301 HSM221C,SDT23, 
5 6 CR302,CR303,CR304,CR306, HRW0503A,SOT23, 

CR307,CR308 
6 1 CR305 DAN202K,SOT23, 
7 2 C101,C103 15uF, FCB8, ELECT 
8 10 C102,C104,C105,C123,C204, 1uF,0805,Y5V 

C205,C215,C303,C323,C324 
9 1 C106 .01uF,0603,X7R 

10 11 C107,C110,C120,C125,C211, 1000pF,0603,X7R 
C212,C213,C310,C320,C321, 
C322 

11 11 C115,C121,C122,C202,C203, .1uF,0603,Y5V 
C206,C207,C208,C401,C402, 
C403 

12 C116 3300pF I 0603 I X7R 
13 C117 .033uF,0805,X7R 
14 2 C119,C315 1uF, 1206,X7R 
15 2 C210,C201 4.7uF, 1206,YSV 

. 16 4 C209,C305,C307,C317 2.2uF,1206,Y5V 
17 C214 150pF,0603,CH 
18 2 C218,C219 2200pF,0603,X7R 
19 2 C301,C304 .22uF,0603,Y5V 
20 C302 • 056uF, 0805, X7R 
21 C309 . 1uF,0805, Y5V 
22 C314 1800pF,0603,X7R 
23 C316 . 1uF, 0805 ,X7R 
24 5 J41,J42,R143,R207,C325 TBD,, 
25 J11 CONN AT/JP/DC,LP, 
26 J21 CONN R/W,12P,BC 
27 J31 CONN MTR,SMT,LP 
28 L201 IMPEDER,0603,6018 
29 L202 10uH, 1210, 
30 0201 DTA114EK,SOT23, 
31 0301 2SC3325, SOT23 I 

32 Q302 IMT17, SDT36, 
33 13 R101,R119,R123,R124,R130, 10K,0603,5% 

R136,R139,R308,R329,R401, 
R402,R403,R404 

34 18 R102,R103,R104,R105,R106, 33 ohm, 0603, 5% 
R107,R108,R109,R110,R111, 
R112,R113,R114,R115,R116, 
R117,R118,R126 

35 10 R120,R121,R125,R128,R131, 82 ohm, 0603, 5% 
R132,R133,R134,R147,R203 

36 2 R122,R315 0 ohm,, 
37 R137 40.2 ohm,0603,1% 
38 2 R138,R309 220 ohm,0805,5% 
39 2 R140,R142 lM,0603,5% 
40 1 R145 332 ohm, 0603, 1 % 
41 R146 47.5K,0603, 1% 
42 R148 10 ohm,0603,5% . 
43 R149 430 ohm, 0605, 5% 
44 4 R201,R202,R330,R331 2.0 ohm, 1206,5% 
45 2 R204,R205 2.55K,0603,1% 
46 2 R208,R206 1.0K,0603,5% 
47 R305 35.7K,0603, 1% 



48 1 R306 5.90K,0603, 1% 
49 2 R311,R307 5.62K,0603, 1% 
50 R310 182K,0603, 1% 
51 R312 16.5K,0603, 1% 
52 R313 22 ohm,0603,5% 
53 R314 7.15K,0603, 1% 
54 R316 2.80K,0603, 1% 
55 R317 110K,0603,5% 
56 R318 5.6K,0603,5% 
57 R319 2.61K,0603,1% 
58 R320 1.21K,0603 I 1% 
59 R321 .33 OHM,2010,1/2W 2% 
60 R322 5.23K,0603, 1% 
61 1 R323 5.36K,0603,1% 
62 2 R324,R325 3.92K,0603, 1% 
63 R326 130 ohm,0805,5% 
64 1 R328 47K,0603,5% 
65 58 TP102,TP103,TP104,TP105, TESTPOINT,, 

TP201,TP202,TP203,TP204, 
TP205,TP206,TP207,TP208, 
TP209,TP210,TP211,TP212, 
TP213,TP214,TP215,TP216, 
TP217,TP218,TP219,TP220, 
TP221,TP222,TP223,TP224, 
TP225,TP226,TP227,TP228, 
TP229,TP230,TP231,TP232, 
TP233,TP234,TP235,TP237, 
TP238,TP240,TP241,TP242, 
TP301,TP302,TP303,TP304, 
TP305,TP401,TP402,TP403, 
TP404,TP405,TP406,TP407, 
TP408,TP409 

66 U11 SCAIKO-AT,F646528, 
67 U12 SRAM64KX8,SOJ32, 
68 U21 SAPPORO,QFP100,VH 
69 U31 HA13555F,QFP80,V1 
70 U41 UP78352G,-20-22, 
71 Y11 40MHz,CCR40.0MC6, 
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Schematics 

10-24-96 

Refer to Training Manual 
for the Schematics 

Saguaro Training Manual 
Section 5 - PCB & READ/WRJTE 
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D 

C. 

B. 

A 

4 

··NOTES: 

[11 00 NOT INSTALL DISK CONTROLLER/AT 
(2) NO PARTS. ~UMPER TRACE ON TH~ BOAR0 

[3] A102-R118 ARE AES 33 OHM 0603 ~X 

FILE: SAGPMPi.SCH 

SH4 di!. Fl 

SH2 t=\WCLK 
SH2 AAWDA A 
SH2 SAVQ.!;;~ 

~~:~ 
SH.ol uPAO 

~~L:S... 

SH<4 AH 0 :::z:J 

t...-{$PM C K /SH3 ~ 
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)sx 
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T 
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X7A X7R 

S90, .!l2, .Z.' 

INTERFACE 

A PORN 

RWCLK 
RAWOA A 
SAV Or::!5._ 

uPWRN 
uPRON 
uPALE 

3 

LAST PARTS: R149,C12G, TP107,Ui~ 

I 
T 

+SV 

R:13B 

>220 ohm 
OBOS 
~x 
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s 
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2 
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! 
I 
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RWPOWNP 
W€0GE 
SRVSTS 
SRVSE 
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+SV 

Ai30 
10K 

0603 
5% 

+SY +SY 
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YSV 

C103 

1 
REV -i:c. DATE CK SIGN 

GNO ~B +siv 
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? 15~\;. 
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+SV t<[Q_--~---<~~ 
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GN0~~4 GNO G 
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cs 68 cs 
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3.3V~ 

0805 
YSV 

NOTICE OF PROPRIETARY PROPERTY 
THE INFORMATION CONTAINED HEREIN ~ 

IS THE PROPERTY OF QUANTUM THE t 
POSSESSOR AGREES ·TO MAINTAlN ' 

THIS OOCUMENT.tN--CONFIDENCE. NOT 

TO REPRODUCE. COPY. REVEAL OR 

PUBLISH IT IN WKOLE OR PART 

METRIC 
TOLERANCES IN MILLIMETERS 

THIRD ANGLE PROJECTION 

LINEAR :s 4 
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>16 ,,_ 
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lt­
>250 

:s 16 

:563 

:5250 

-ANGULAR 

MATERIAL 
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± 0.10. 

± 0.20 
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AT /..JP/DC Q 
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SIZE SCALE SHEET 
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NOTES: 

SUMNER TAYLOR, INC. 

[1] DO NOT INSTALL MICROCOTROLLER 
FILE: SAGPMP4.SCH 

+5V 
C401 t;. 

__jL .1uF 
1' 1roso3 

Y5V 
1 --2 '1 < WOTO 

C402 IC:VDD .b-7ll . 1UF ~ > MODE1 
/I VOO 
,,oso3 ~< CLKOUT 

Y5 V > MODEO 

SH2 ruPCLK 40MHZ >fr= < X2 
1 9 > X1 

SH 4 f-POR 
SH2 NMINT 

SH2 SEQINT 
SH2 SRVOINT 
SH2 HINT 
SH 4 SPM :ROY 

.,_..,..,.__....., vss 
10 > RES'ET 
11 > P20/NMI 
12 > P21/INTPO 
;~ > P22/INTP1 
15 > P23/INTP2 
:1 6 > P24/INTP3 

> P25/TI 

TP409 C? 
(INDEX, SCOFL Tl 

SH 4 [ICOMPOUT 
SH2 [WEDGE WEDGE 
SH2 [TESTI0...1 INDEX 

SH2 rsRVSEL 
SH3 [SRV PK il r ~ 

[123451 
.J42TH 
CONN PES 

TP407 l TP406 I 
1 

1 TP405 

//////77 

AAAAAAAA 
HHHHHHHH 
76543210 

v~~~~~·~~~~~~~~~ 

*~!! ~!~!!!~!!~~ 
~~ ~ HHl89°~ 

U41 

UP78352G -20-22 

PQFP-64 

vvvvvvvvvvvvvvvv 

-uPWR 
-uPRD 
uPALE 

Af-U.(L .-71 

, 
MAD7 / 

/ P46/AD6 <> ~4~8=----.M~A~O~S,__ ________ J 

P45/AD5 <> ;-:.4~7-~M~A~D~S..__ ________ JI 

P44/ A04 <> i--;4-::6---'M-"A..:.:D:;.4,;.----------' 
P43/AD3 <> ~4~5-~M~A~0~3"----------~ 
P42/A02 <> r-;-4=4-~M~A~D~2;:-----------J 

-/ 

,/ 
-/ 

P41/ AO 1 <> ;-;;;:4.:;:3-....:M""A~D:::.:,.1 ________ __, 
P40/ADO <> i--4=2-~M~A~D~O.__ ________ J 

/ 
-/ 

P07 <> 41 PK 
P0 6 <> 40 OS 
POS <> 39 CS 
P04 <> ~ +~v 
P03 <> ~~ ~ TP404 l 

VDD ~=--------4 
P02 <> 35 ~ TP403 l 
PO 1 <> ~~ TP402 
POO <> TP401 i 

C403 
.1UF 

YSV 
0603 

+SV 

QCPIN 

l 

R402 
)10K 
)0603 
< 5% 

µ 
I (CK_JJSKW°i 

R401 
10K 5% 
0603,., 
'"VV 

' 

~~ s VA 
p CP 

pp N EO 
E NjR 
N AN 

HH 
SS 
0 1 

QCPOUT 
QCPOI 

QQ 
pp 

24 

.J41 
[1] 

CONN GCP 

+5V 

R403 
10K 

soso3 
< 5:1: 

J 

MAD ro 71 

cs 
~r 11-6~! 11-58 

0 
1 
0 
< 

R404 
),10K 
>0603 
< 5% 

AT .JUMPER 
OS 

\.J11-88) 
\.J11-7ell 

1 
0 
0 

-uPWR >~H2 
-uPRD >5 H2 
uPALE >SH2 

AH:Jo .. 7] :>8 H2 

MAD:IO .. 7:1 >SH2 

CONFIGURATION 

ACTION 

DRIVE IS AS MASTER 
CABLE SELECT 
DRIVE IS AS SLAVE 

!MAS rER Ji J:i "' .~ PRFS!=N 

NOTE: O-.JUMPER REMOVED 

1-.JUMPER INSTALLED 

~~ 
°" 1 A 

B 
B '-----~~~-~~~~~~~-~t-t-t-~~-~~--~~~~~~~~~~~~~~~-~HSi SH2 

---~-~-~~-~---~~~--++-il----~~-~~~---~~~~~~~-~-~-lHso SH2 

T 

APOR 2 SHi 
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SPNENAB >SH3 

AW PWM1 >SH'.3 
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1 1 

.. 
::.c-
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,{ 
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IS THE PROPERTY OF QUANTUM. THE 
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THIS DOCUMENT IN CONFIDENCE. NOT 

TO REPRODUCE. COPY. REVEAL OR 

PUBLISH IT IN WHOLE OR PART. 

METRIC 
TOLERANCES IN MILLIMETERS 

THIRD ANGLE PROJECTION 

LINEAR S4 ± 0.10 

>4 S16 ± 0.20 

>16 S63 ± 0.30 

>63 s 250 ± 0.50. 

>250 ± 0.80 

ANGULAR ±10 
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NOTES: +SV .J21 
CONN R W 12P BC 

12:>-.. ss7a90 H] 
C209 TP201-

-(1] 00 NOT-INSTALL 
READ/WRITE 

(21 NO PART. ~UMPER TRACE·ON THE BOARD 
~l ~sv sx 1206 .60 16 

0603 ll FILE: SAGPMP2.SCH 
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NOTES: 

(-1) 00 NOT INS.TAl.L 

[2} NO PART, JUMPER TRACE ON T~E BOARO 

FXL~ : SAGPMP3.SCH 
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SOT23 L-r-1- J !.>OT23 

-[.__3 _,____c 

BC> 1--"'5---1 C309 

_J~ .1uF 
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snGunno 

Servo Related Parameters 

+ TPI 
- 5650 

• Track Pitch 
- 177 ui 

• Number of Cylinders 
- 5330 

• Disk Rotation Speed 
- 4500 rpm 

• Servo samples/rev 
- 80 

+ Servo sample freq 
- 6.00 KHz 

• Servo sample time 
- 167 usec 

• Servo-mech loop 
bandwidth 
- 450Hz 

10-24-96 
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Servo Changes 

Trbl 

+ TPI 3794 

• Number of Cylinders 3653 

• On track BW (Hz) 350 

+ Max Head Velocity (ips) 120 

• Sequential Seek (ms) 4.0 

+ Sequential Head Sw (ms) 3.0 

10-24-96 
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snGunno 

Servo Changes, Cont 

Trbl 

• Random Seek time (ms) 14 
• Seek acoustics limiting Yes 
• Adaptive RRO calibration No 
• Loop Gain calibration No 

+ Arm Radius (cm) 5.44 

+ Inertia (gm-cm2) 

=> 1 disk 36.5 

=> 2 disk 38.5 

10-24-96 
Saguaro Training Manual 
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Servo Chang s, Cont 
~, '4$P ?'$' ';(;>" ''£!"' 'A1!lm "'I!:~--~; ''«;:',''~!'(~ ~- '*""'' ~ ~ - ~ y 1'llilV,,...,,... y y y y y y y 1'1111VY 

~ ~ ~ ~ ~ >'I '"'~ ' 

Trbl 
+ Torque K (gf-cm/amp) 

=> 1 disk 590 

=> 2 disk 590 

+ Coil Resistance (ohms) 18.0 

+ Notch Center Freg (KHz) 3.8 

-(To attenuate system 
mode) 

+ Spindle RPM 4500 

+ Wedges per rev 63 

+ Sample frequency (KHz) 4.73 

I 0-24-96 
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SAGUARO 

Servo Changes, Cont 

Trbl 

• Sample time (usec) 212 

+ uP speed (MHz) 40 

• On track ISR time (usec) 80 

- as 0/o of Ts 38% 

• Seek ISR time (usec) 160 

- as 0/o of Ts 75% 

10-24-96 
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1 disk P2 Rand Ave 

10-24-96 

See Saguaro Training 
Manual for graph 
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2 disk P2 Rand Ave 

10-24-96 

See Saguaro Training 
Manual for graph 
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snGunno 

Saguaro Settling Criteria 

+ Read Settles 
SG 1.0/2.1 

- delta Perr (velocity) < 6°/o trk I sample for 2 samples 

Then 
- Perr < 1 O 0/o track for 1 sample 

+ Write Settles 
- delta Perr (velocity) < 6°/o trk I sample for 2 samples 

Then 
- Perr < 10 o/o track for 1 sample 

& 
- delta Perr (velocity) < 5°/o trk I sample for 4 samples 

10-24-96 
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Error Detecti n & Data Protection 

snsunno 
The SCAIKO ASIC checks for the SG 1.0/2.1 

following errors at each servo wedge: 

+ Spindle speed 0.3°/o away from nominal value 

• Time stamp A/D timed out trying to convert 
burst values 

• Awedge was flagged as defective at the 
factory (A & C bursts were erased) 

• Position error signal indicates head is > 1 Oo/o 
off track 

• Problem with detection of servo sync field 

10-24-96 
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Error Detection & Data Protection 

snGunno 
The SCAIKO ASIC checks for the SG 1.0/2.1 

following errors at each servo wedge: 

+ Problem with detection of servo address mark 
(sam) 

+ Problem with detection of track number 

+ Track number does not match expected track 
number 

10-24-96 
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Error Detecti n & Data Protection 

snGunno SG 1.0/2.1 

Writing is disabled if: 

+ Errors 1, 2, 3, or 4 are detected in a single wedge 

+ Any of the 8 errors are detected in 2 consectutive 
wedges 

If writing is disabled at a wedge, the data in the 
sectors between that wedge & the previous 
wedge is rewritten. 

10-24-96 
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snGunno 

Drive Power on Calibration 

+ Sapporo power up calibration 
- Obtain electrical offset in servo read channel & 

optimize the time stamp A/D resolution. 

+ Fine PES gain calibration 

SG 1.0/2.1 

- To calculate the gain between the PES (Position 
Error Signal) amplitude & % offtrack for each head 

+ Nulli calibration (adaptive when tracking) 
- Update tracking VCM bias current across the 

stroke 

10-24-96 
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Drive Power on alibration, Cont 

snGunno -~ SG 1.0/2.1 

+ Vscale calibration (adaptive during seeks) 
- Adapt servo to VCM difference due to drives 

variations & temperature 

+ Kloop calibration 
- Obtain the difference in Kt across the stroke 

+ Repeatable Runout calibration (adaptive 
when tracking) 
- Adapt the actuator to follow once around spindle 

run out 

10-24-96 
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snGunno 

Drive Power Up Sequence 

OfJeration 

• Hardware Reset 

• Setup processor & 
initialize servo 
parameters 

• Spin up & check buffer 
RAM 

Time 
SG 1.0/2.1 

• Seek to system cylinder Total time above 4.16s 
& load diskware 

• Sapporo calibration & 552 ms 
fine PES gain calibration 

10-24-96 
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Drive Power Up Sequence, Cont 

OQeration Time 

+ Nulli calibration 1.05 sec 

+ Vscale calibration 500 ms 

+ Repeatable runout calibration 186 ms 

+ Kloop calibration 4.63 sec 

10-24-96 
Saguaro Training Manual 

Section 6 - SERVO 

SG 1.0/2.1 

Page 16 



snGunno 

Servo Wedge Format 

10-24-96 

See Saguaro Training 
Manual for drawing 
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SAGUARO SER\ WEDGE FORMAT 
l15TGAP 

T TIME (T = 25 ns) 410T 150T 26T 6T 78T 15T 44T 44T 44T 3T 

TOTALS .650 us l3TGAP 
J0.25 us 3 75 us .150 us 1.95 us .375 us 1.1 us 1.1 us 1. I us 

.075 us 
TIME IN uSEC 

I -c;-
C BURST 

FIELD O'S 3T'S (AGC & SYNC FIELD) SAM N TRACK NUMBER A TRACK 0 
D p 

G- A BURST 
I 

FIELD O'S 3TS (AGC & SYNC FIELD) SAM N TRACK NUMBER A B BURST TRACK 1 
D p -u- C BURST 
I 

FIELD O'S 3T'S (AGC & SYNC FIELD) SAM N TRACK NUMBER A TRACK 2 
D p 

·n A BURST 
I 

·s 3T'S (AGC & SYNC FIELD) SAM N TRACK NUMBER A B BURST 
0 p C BURST 

FIELD 0 TRACK 3 

I I II 

Noles: 
3T pattern= 100. Fields filled with 3T's contain 100100100 ... etc. 
Track number is gray coded. Binary lo gray code conversion is Gmsb = Bmsb, and Gn = Bn XOR Bn+ 1. Example: Binary track number OOAh =Gray code track 
number OOFh. Track number is 13 bits long. Gray code bits are encoded as: 
Data bit "O'' = 000 010 on disk, 
Data bit "1" = 010 000 on disk. 
SAM = Servo Address Mark = 9T pattern repeated 2 times followed by a 6T and a 2T: 100000000 100000000 100000 10 
IND= Index = data bit "1" (010 000) for wedge 0, and data bit "O" (000 010) for wedges 1 through 79. 
Gap = DC erase = O's. 
Each burst field contains three 2T's followed by eleven 3T's and five O's. 

I 1 

I 1 

I I WEDGE __ r 
1 I 

W/RRECOV 

I . 
1 

AGC TIME 
1 I 

1 I 

I 

SAMPLE A 
I I 

I I 

SAMPLE C 
I I 

1 1 

1 I . I 
SAMPLE B 1 I 

I I 

1 I 

:-q, 
. " 
' ., 

"-----

" 
" 

Ii 

11 

" 
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Timestamp A/D Conversion 

snGunno From servo burst demodulator 
SG 1.0/2.1 

~ 
Burst Ramp down 
analog 

~ }-- ; volts 
~ value -Capture 

~ output of 
peak 
detector .. 

r I 
Pulse width 

I I modulated 
; time burst value -

~ 

I I I 11111111111 1111 I --1 
,....., 3.125ns ,....., 
-

time periods 
(derived from 

~ 40 MHz clock 

I ,....., counts I ,....., 
-

~ 
To microprocessor 

10-24-96 
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Servo - Mechanical System 

10-24-96 

Hardware Bolek Diagram 

See Saguaro Training 
Manual for graph 
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Saguaro Servo-Mechanical System: 
Hardware Block Diagram 

NEC 78352 uP 
-POR for PCB 

~ 

I ' - Control Out 
- Position Info In Hitachi 13545 Motor Driver Chip 

I 
Power 1 

I POR Down I 
I I 

I 
I 

Motor I & Retract n I Control Vref 

J 
Circuit 

I Circuit 

Spindle 

u v1j 
..._ 

PWM PVVM 1.....+4.6V 
PWM DAC VCM ii:. 

HI DAC 
Digital Analog Power 
Circuit PWM Filter VCTL Amp 

LO Circuit I I 

+VCM I -VCM I 

I 
I 

Time SRV Time & !7 Peak ~ 
Stamp STB Stamp ~ <'~ "< 
Circuit fo- Detection 

SRV Circuit 
Circuit lo- roe 

(for AJD conv) ,...- DONE (for A/D conv) ~<a 
Disks & 

~1 iJ ~ Spindle 
Servo ~ otor I -Calculations~ ROX 

:JJ ROY I Preamp 

I 

i I Servo 

I 
I 

J il 
Wedge 

RAW 
Pulse ~ 

I Decoding Detection HOA 
I 

(Sync. SAM. 

I 
DATA 

I 
Circuit 

I Track ID) 

I "SCAIKO" ASIC chip 
I 

Cirrus "Sapporo" Data Channel Chip 
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10-24-96 

No slides available at time of 
printing 

See attached handout 
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snGunno 

10-24-96 

AN OVERVIEW OF THE 
SAGUARO TEST PROCESS 

by PHILLIP NGUYEN 

Saguaro Training Manual 
Section 8 - TEST PROCESS 

Page2 



, TEST PROCESS 

snGunno 
• Objectives 

+ MKE Test Process Flow 

• Role of U PT2 

• Role of Self Scan 

+ Self Scan Script I Parameter File 

+ Self Scan TEST.OUT Files 

+ Exit codes I error codes 

• List of References 

10-24-96 
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·Objectives 

snGunno 

+ Coverage of the process elements 
- UPT2 related MKE test process 

- Self scan script and test parameters 

- Test exit codes (Error Codes) 

- Test.out (not requested by CSG) 

10-24-96 
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. MKE TEST PROCESS FLOW 

snGunno 

PCB function test -----> Drive Assembly <----- Servo Writer 

v 

10-24-96 

Diskware Download 

v 

Self Scan Test 

v 

Final Test 

Saguaro Training Manual 
Section 8 - TEST PROCESS 
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snGunno 

MKE TEST PROCESS FLOW, Cont 

• MKE follows the test process as depicted, but 
the end result is accomplished based on two 
different strategies. 
- The Manual one does diskware download, self­

scan test (HX chamber at 50C) 

- Final test at a separate station. 

• Whereas the Do-All one does all of that in the 
HX chamber at SOC. 

10-24-96 
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SAGUARO 

MKE TEST PROCESS FLOW, Cont 

• MKE would like to implement Ambient Self 
Scan Test Process for mass production of 
Saguaro. 
- This new process is under evaluation by MKE 

and Milpitas. 

- The new process will allow self scan to be run 
on all drives on the carts at ambient 
temperature. 

10-24-96 
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Servo Write Station 

snGunno Write servo wedges on each available surface. 
The test seguences are: 

+ Load HOA 

+ Barcode 

+ Initialize 

+ Load clock head 

+ Spin up 

+ Find crash stop 

+ Measure stroke 

+ Parametric measurements 

+ Write clock track 

+ Sam to Sam check 

+ Write 3x sample wedges at 
OD 

+ Write servo wedges 

+ Write 3x sample wedges at 
ID 

+ Write HDA s/n, S/W id, date 
and time on id tracks 

+ Verify servo wedges 

+ Generate test.out 

+ Spin down 

+ Unload clock head 

+ Unload HOA 

10-24-96 
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PCB Function Test Station 

snGunno Verif'}f the main functions of the PCB. 

The test seQuences are: 
+ Power up; check time to come ready 

+ ECC test 

+ ECC hardware in the ASIC chip 

+ Read/Write test 

+RAM test 

•Seek test 

• Jumper test 

+ OMA test 

10-24-96 
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· Diskware Download Station 

SnGUnRO Load firmware (diskware) and drive configuration data on system 
cylinders. It also write self scan script and password on system 
cylinder. The drive will execute self scan test the next time it is 
powered up. 
The test sequences are: 

+ Power up 

+ Detect drive present 

+ Write buffer (load config pages 10 
& 17) 

+ Read serial number/servo 
information 

+ Check if drive history exists 

+ Format negative cylinders 

+ Power cycles 

+ Load ramware 

+ Spin up 

+ Wedge verify on system cylinders 

• Write drive format 

+ Initialize defect list 

• Download diskware 

• Power cycles 

• Write configuration pages 

+ Load self scan script 

10-24-96 
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Self Scan Station 

snGunno Test the servo system, train the read channel and map 
out defects in the media.. The test sequences are: 

+ RAM test 

+ Set no-find-mode bit 

+ Low pass filter compensation 

• Start stop 
+ Servo verify 

+ Popcorn test 

+ Nulli 

+ Runout 

+ TMR test 

+ Fixed seek length 

+ Random seek 

+ Train read channel 

+ Format media 

• Clear no-find-mode bit 

+ Head switch and single track 
seek 

+ Physical sequential scan 

+ Reassign defects 

+ Logical sequential scan 
+ Logical random scan 

+ Runout 

+ Head switch and single track 
seek 

• Start stop 

+ Delete password 

10-24-96 
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Final Test Station 

snGunno Read the results of the self scan test and 

determine if the drive has JJassed. 

The test sequences are: 

+ Power up the drive 

+ Servowriter report 

+ Self scan report 

+ ECC test 

• Start stop 
+ Short logical sequential test 

+ Write generic configuration 

10-24-96 
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THE ROLE OF UPT2 

WHAT IS UPT2 ? 
+ Uniform process test 

+ Development and production Tool 

+ DOS based application written in C++ language 

+ Shares low level 1/0 with DIAG 

+ Uniform input and output {database usage) 

+ Common core: 
- Parser, parameter handling, test execution, etc. 

- AT/SCSI interface 

- Drive library (error handling, etc.) 

- Tests: Defect scan, seek tests, etc. 

+ Drive specific tests added 

+ Parameter I script files for flexibility 

10-24-96 
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·rHE ROLE OF UPT2, Cont 

snGunno WHAT SERVICES DOES IT PROVIDE 

TO MKE TEST PROCESS ? 

+ Load diskware 

+ Load self scan script and password 

+ Read self scan results 

+ Perform final test (interface testing) 

10-24-96 
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THE ROLE OF SELF SCAN 
}<•,,:-v,. 

snGunno WHAT IS SELF SCAN AND WHAT SERVICES DOES 
IT PROVIDE? 

• Program code written in assembly language which resides 
in drive firmware (diskware) 

• Contains a combination of tests 

• Drive Functionality Tests 
- Servo Tests 
- Defect Scan 

- Error Rate 

• Use in MKE mass-production test process 

• Run without a host computer 
- Need host computer to download self scan code and script 

- Need host computer to upload self scan results from drive 
10-24-96 
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SELF SCAN SCRIPT I PARAMETER FILE 

snGunno THE STRUCTURE OF SELF SCAN I 
PARAMETER FILE 

+Header 
+ Defect scan pattern list 

+ Command definition 

+ Command execution 

10-24-96 
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Self Scan Script I Parameter File 

10-24-96 

See Saguaro Training Manual for this file. 
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,ifdef ONE DISK 
FILENAME - TRBlDSS.SSO 
'endif 

·ifdef 7WO DISK 
FILENAME - TRB2DSS.SSO 

cendif 

ORG 
"tlORD(4] 
3YTE(8] 
3YTE[8] 
3YTE(8] 
WORD [7] 
;-10RD 

0 
0 
"SELFSCAN" 
"001. 000" 
"SAGUARO" 
c 
120 

SAGUARO SELF SCAN SCRIPT / PARAMETER FILE 

check sum and 3 blank words 
PASSWORD! 
Script version II 
Firmware version # - placeholder only, should be set in FW before saving 
process reserved 
delay to start time in seconds 

The following 16 
Ox30 

bytes ~> Restart control 
JRG 
3YTE [6] 
3YTE 
3YTE 
3YTE 
3YTE 

0 
2 

11511 

3YTE 0 
3YTE[2] 0 
3YTE 0 
3YTE [2] C 

?lace holder for output status message. 
Restart counts allowed. 
Total test count. 
Control byte - Start selfscan 
Re- 11 run 11 count . 
test count field, for this 11 re-run 11 • 

Unused in restart control section 
?lace holder for "last command". 
SSR-start-time init/placeholder for results file. 

Project 
:JRG 
3YTE 
JRG 

specific bytes 
Ox40 
OiOOOOOOll 
Ox43 

Test mode bvte -
start of HERR bytes moved here temporarily (until set globals command coded) 
Maximum # of hard errors for each HEAD ilORD 

"ti ORD 
:"/ORD 
ilORD 

500 
6 
300 
25200 

ifdef ONE_DISK 
'.JRG Ox14 
3YTE [4] "SlD" 
'.JRG Ox47 
:-iORD 300 
ilORD 11000 
endif 

ifdef TWO_DISK 
JRG Oxl4 
3YTE[4] "S2D 11 

'.JRG Ox47 
:-;oRD 600 
>iORD 18000 
~ndi:!: 

:RG Ox4B 
3YTE 0 
3YTE 
3YTE l 

;VQRD 10 
ilORD 100 
ilORD 10 
3YTE OxFF 

3YTE [43] 

Maximum # of hard errors for each TRACK 
Maximum # of seek errors for this DRIVE 
Maximum self scan test time in seconds 

overwrite data if specific config is set in compile options 

Scrint version # 
start of HERR bytes moved here temporarilv (until set globals command coded) 
Maximum # o: seek errors for this drive 
Maximum sel=scan test time in seconds 

Script version # 
start of HERR bytes moved here temporarily (until set globals command coded) 
Maximum # of seek errors for this drive 
Maximum selfscan test time in seconds 

:'ormat track PATTERN ('C'). 
Format track retries. 
Verify track pattern :NDEX (pattern •ee'). 

Tot # hard errs/trk to disallow max cyls w/rnax hards. 
Cyl spacing between cyls above 
Min cyl number to allow max hard defects I (servo defects) . 
SAPPORO _R24, bits [l: OJ , Oxff is "use default" 

Unused in project specifics section 

: Now let us do test result sectors list. 
JRG Ox80 

3YTE 00 
3YTE 39 
3YTE 8 
3YTE 0 

3YTE 02 
3YTE 61 
3YTE 8 
3YTE 0 

3YTE 02 
3YTE 69 
3YTE 
3YTE 

3YTE 02 
3YTE 77 
3YTE 8 
3YTE 0 

3YTE 02 
3YTE 85 

:D 0 for RESULT 
Starting sector. 
Number of blocks 
Reserved 

De:ect list, File O 

Defect list, File 1 

Defect list, File 2 

Defect list, File 3 



3YTE 8 
3YTE 0 

3YTE 02 Defect list, File 4 
3YTE 93 
3YTE 8 
3YTE 0 

BYTE 02 Defect list, File 5 
3YTE 101 
3YTE 
3YTE 

3YTE 02 Defect list, File 6 
3YTE 1C9 
3YTE 8 
::lYTE 

3YTE 02 Defect list, File 7 
3YTE :i.17 
3YTE 8 
3YTE 0 

3YTE 03 Servo Wedge Defect map 
3YTE 49 
3YTE 8 
3YTE 

3YTE 04 Runout. results 
3YTE 57 
3YTE 4 
3YTE 0 

3YTE 06 Adaptive results. 
3YTE :25 
3YTE 
3YTE 0 

3YTE OA Nulli results. 
3YTE 48 
3YTE 1 
3YTE 0 

DEFECT SCAN ?ATTER.." ~IST 
r***************************** 

)RG OxCO 

'ATTERN16 ee 
'ATTERN16 bb 
'ATTERN'l6 Sa 
'ATTERN16 as 
'.'>TTER.1'16 68 
'ATTERN16 
'ATTERN16 ::cand 10 
'ATTERN16 0 

'.'>TTERN16 2f be £8 e2 Sb 
'ATTERN16 rand 0 
'ATTERN16 88 
'ATTERN16 9b d4 26 bS 49 6d 52 
'ATTERN16 2d 59 
'ATTERN16 d7 75 5d 
'i'.TTERN16 76 
'ATTERN16 FE BF BF FD 
>J>.TTERN16 6E CF CF DB DB 73 F5 CF 

'**************************** 
COMMAND DEFINITION SECTION / 

Defect Scan Patterns - (up to 20 16 byte pat:terns total) 
Each pattern record starts with a length byte, so that each 
record is 17 bytes long. The patt:ern starts in the next byte 
and t:he record is zero filled. 

1 2T 
2 - 2T 

4 
5 

::::-andom 
- data pat: tern I 0 T ' 

9 - 2T3T 
10 - random 
11 - 4T2T 
:2 - 2T5T 
13 - 2T5T 
14 - 7T2T 
15 - :or adaptive 
16 - Aorox2tPattern for adaotive 
17 - T'YiBitPatter:i for adapcive 

"****************************************************************************** 
NOTE: this section is used to define input parameter NAMES, TYPES, and 
~EFAULT DATA VALUES. Each command parameter is initialized with the value 
set: here and is only changed if explicitly defined in the execution section. 
****************************************************************************** 

:eoDefectScan l 
c,;dFlag BYTE 

~oopCount BYTE 
ReadLoops BYTE 
WriteLooos BYTE 
ReadRetries BYTE 
WriteRetries BYTE 
SoftErrorsPerHead WORD 
SoftErrorsPerDrive WORD 
DataPatterns BYTE (8] 
AmTol BYTE 
ViterbiLevel BYTE 
Start:ingCylinder WORD 
EndingCylinder WORD 
CfftrackScan BYTE (3] 

OOH 

1 
2 

4 
4 
2000 
20 
7 6 8 
0 
Offh 
0 
OFFFF 
OOH OOH 

Sequential sector defect scan 
bit 7 - If SET, do NOT use h/w ecc. 
Overall defect scan loop count 
Read loop count: per pattern 
Write loop count per pattern 
Medium error read retries 
Medium error write retries 
Maximum # of soft errors per head 
Maximum # of soft errors per 10 MB 
Data oattern list 
Address Mark tolerance: O 
Viterbi 11 threshold 11 : Offh 
Starting cylinder # 
Ending cylinder # 

11 default 11 ; l = stress. 
•use default" (16=default, 32=Max.) 

; Offtrack value I in rr.icrosteps) d;.iring scanr1ing 



:IndexTimeout BYTE 

)eletePassword 2 
:CmdFlag BYTE 

LowLevelFormat 4 
:CmdFlag BYTE 
:FormatRetries BYTE 
:StartingCylinder WORD 
: EndbgCylinder WORD 
:DataPattern BYTE 

2 

0 

0 
:o 
0 
OFFFF 
0 

New value of index timeout, Oxf: is use default. 

Delete selfscan password from system cylinder 

Low-level format (media) 
Bit l Set == use format_2 sequencer cmnd. 
Maximum # of :ormat t~ack retries to execute after a format track error 
Starting cylinder # 
Ending cylinder # 
Default is data '0' 

Bit definitions used in ServoVerify "Servo Flags Mask" parameter 

0 - LST TRK MISCOMPARE 
l LST-TRKNUM OR INDEX ERR 
2 - LST-SAM ERR - -
3 - LST-SYNC ERR 

- LST-BUMP-ERR 
5 LST-ERASED AC BURST 
6 - ~ST-TS TIMEouT ERR 
7 LST=SPEED_ERR -

3e:::-voVerify 
:CmdFlag 

:StartingCylinder 
:EndingCylinder 
:RevsPerTrack 
:ServoErrorRetries 
:DefectThreshold 
:BumpLimit 
:ServoErrorMask 
:MaxHardErrsPerTrk 
:MaxErrorsPerTrack 
:EraseCBurstFlag 
:ServoDefectMask 
:MaxErrorsPerHead 
:NumCBurstsErase 
·CBstEraseSeoaration 
:MinZeroDfctTrksOd 

'ieadSwitch 
:CmdFlag 
:LoooCount 
·HeadSwitchLimit 
:TrackSwicchLimic 

"ixedLengthSeek 
:CmdFlag 

:LoopCount 
:SeekTimeLimit 
:Steps 

5eekAwhile 
:CmdFlag 

:SweeoTime 
:S:artCyl 
:2ndCyl 
:Steps 

'andomSeek 
:CmdFlag 

:LoopCou::-it 
:SeekTimeLimit 
:NumberOfSeeks 

5 
BYTE 

WORD 
WORD 
BYTE 
BYTE 
BYTE 
WORD 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
WORD 

8 
BYTE 
BYTE 
WORD 
WORD 

016 
BYTE 

WORD 
WORD 
WORD 

DB 
BYTE 

WORD 
WORD 
WORD 
WORD 

OA 
BYTE 

WORD 
WORD 
WORD 

- Track miscomoare error 
- Track # or Index error 
- Servo AM bad 

Sync error 
- Bump error 
- Erased AC Burst 

TS timeout: error 
Motor speed out: of range 

Servo verify 
bit D == FATAL ERROR if set 
bit l == Cylinder Sparing Enabled if set 

D Cylinder # with which to start scanning 
OFFFF Cylinder # with which to end scanning 
2 # of times to scan each track 
7 # of retries to execute when a servo error is found 
4 See a servo error 3 ~ime - soft error; see it 4 times - hard error. 
41 Bump limit to use when scanning 
DiOOllllll ; Mask to apply to the servo error f:ags in order to determine a servo error (?) 
2 Max # of rtARD errors oer TRACK. 
2 ; Max # of C-Burst errors oer TRACK. 
l ; If set to 1, C-bursts of- selected bad wedges will be erased. 
OiOOllOOOO ; Mask to apply to the servo error flags in order to determine a servo defect 
50 Max # of :tARD errors per HEAD (per surface) 
2 # of C-bursts to erase oer TRACK. 

0 
1 
4500 
5000 

~xOA 

29000 
0 

oxoa 

0 

0 

2 

l 
13000 
20000 

Min# of wedges between-C-bursts to erase. 
Min # trks at OD to be defect free (0-2). 

Bit 1 Set = Read on arrival on 
Number of sequential loops 
Max limit for head switch only in microseconds 
Max limit for head and track switch in microseconds 

Bit l Set Read on arrival on; 
Bit 2 Set seek forever; 
Bit 3 Set info only (DON'T fail drivel 
# of full stroke seeks to execute 
Maximum average full stroke seek time in ~1croseconds 
step increments 

Read on arrival off, info only 
Bit Set Read on arrival on 
Bit 2 Set = seek forever 
Bit 3 Set = info only (dont fail 
time to sweep in minutes 
sweep st.art cylinder 
sweep end cylinder 
cylinder step increments 

Bit 1 Set = Read on arrival on 
Bit 2 Set = seek forever; 
# of seek sets to execute 

drive) 

Maximum average random seek time in microseconds 
# of seeks to execute per set 

----------------------------------------------------------~--------------------
StartStOD 
:CmdFlag" 
:LoopCount 
:LoopDynBrk 
:LoopNoDynBrk 
:StopDelay 

oc 
BYTE 
WORD 
BYTE 
BYTE 
BYTE 

5 
l 

4 

Bit 0 set - enables ss-fO-fatal-error. 
Overall looo count 
# of loops to stop WITH Dynamic Brake 
# of loops to stop with NO Dynamic Brake 
Delay in seconds after drive stops 



. : StartDelay 
:NoDynBrkDelay 

. :StartTimeLimit 

. : MaxStartLimi t 

. : MaxStartFail 

Runout 
:CmdFlag 
:RROLimit 
:NRROLimit 
: '.:'otalLimi t. 
:Cvlinder 
:NumberOfRevs 

EraseCBurst.s 
:CmdFlao 
:Cylinder 
:Head 
:Sect.or 

RamTest 
:CmdFlag 
:LoopCount 

~ogicalSequential 
:CmdFlag 

:LoopCount. 
:RdLoopCount 
:WrLoopCount: 
:StartLba 
:EndLba 
:SeqBlk?erX:'er 
:Patternindex 
:Read.Retries 
:WriteVerifyRetries 
:RawErrors 
:SoftEr::-ors 
:HardErrors 
:NonRecoveredErrors 
: Max..Q.eadBumps 
:MaxWriteBumps 
:3umpLimit. 
:2CC_corr_hard 

::,ogicalRandom 
:CmdFlag 

:LoopCount 
:RdLoopCount 
:WrLoopCount: 
:Start.Loa 
:E:::tdLba 
:SeoBlkPerXfer 
:Patternindex 
:Read.Re':ries 
:WriteVerifyRetries 
:RawErrors 
:Soft.Errors 
:HardErrors 
:Non.~ecoveredErrors 

:MaxReadBumps 
:MaxwriteBumps 
:3umpLimit. 
:=:cc corr hard 
:RandNumBlocks 
:MaxRandBlksPerXfer 
:RandomSeedLo 
:RandomSeedHi 
:RandComSequence 

Jf ftrackRead 
:CmdFlag 

BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

l 
23 
150 
0 

Delay in seconds after drive starts 
Delay in SECONDS to wait before turn off vcm w/no dynamic brake. 
Start time limit in TENTHS of seconds 
Max # of times allowed to exceed start time limit 
Max # of consecutive times start can fail - then force fatal 
Only applies when ss-fO-fatal-error is disabled 

Bit o set - enables ss-fO-fatal-error. 
OF 
BYTE 
WORD 
WORD 
WORD 
WORD [BJ 
BYTE 

65 Maximum RRO 11 tench of a percentage of a track) 
65 Maximum NRRO (1 tenth of a percentage of a track) 
80 Maximum RRO/NRRO limit: SQRT(rro*rro + nrro*nrro) 

O 1332 2665 3997 5330 Offffh ; Cvli:::iders on which to measure r:u:::iout 
127 ; # of revs of data co take per measurement 

015 
BYTE 
WORD 
BYTE 
BYTE 

019 
BYTE 
BYTE 

020 

0 
0 
0 
0 

1 

BYTE OilOOlOOOO 

BYTE 
BYTE 
BYTE 1 
TRIBYTE 0 
TRIBYTE 

l 
l 

OxFFFFFF; 
255 WORD 

BYTE [8] 
BYTE 
BYTE 
WORD 
WORD 
WORD 
BYTE 
WORD 
WORD 
WORD 
BYTE 

021 

8 0 
4 
4 
10000 
10 
2 
0 
OxFFFF 
200 
CxFF 
5 

BYTE OilOOOOOOO 

BYTE 1 
BYTE 0 
BYTE 0 
TRIBYTE 0 
TRIBYTE OxFFFFFF; 
WORD 255 
BYTE[S] 8 0 
BYTE 4 
BYTE 4 
WORD 10000 
WORD lO 
WORD 2 
BYTE 0 
WORD OxFFFF 
WORD 200 
WORD Ox FF 
BYTE 5 
LONG Ox6FC23B; 
WORD 255 
WORD Oxl234 
WORD Ox5678 
BYTE[S] l 1 1 1 2 

Specify CHS. For (debug) only. 

Buffer ram test 

Overall loop count 

bit l - If set, don't include •SOFT" errors in SS defect list. 
bit 2 - Read-on-arrival ON if set, else off. 
bit 3 - If set, will NOT compute error rates 
bit 4 - If set, clear all Previous transfer block counts and errors 
bit 5 - If set, don't do free wiggle fix before all retries 
bit 6 If set, do not include •recovered" errors in SS defect list. 
bit 7 - If set, ignore 8-bit-span correctable ecc-errs. 
Overall loop count 
Read loop count 
Write looo count 
Starting LEA 
Ending LEA 
Sequencial blocks per transfer 
Data pattern index 
Read retries on error 
write and read verify retries on error 
raw errors allowed in io-10 bits 
Soft errors allowed in 10-10 bits 
Hard errors allowed in 10-10 bits 
no:::i-recovered errors allowed 
OxFFFFH == flaa for NO LIMIT 
maximum write bumps 
Burno limit cc use when scanning (ff default) 
:..f ·(ReadRetries+l) ECC correctables, THEN hard. 

bit 1 - If set, don't include "SOFT" errors in SS defect list:. 
bit 2 - Read-on-arrival ON if set, else off. 
bit 3 - If set, will NOT compute error rates 
bit 4 - If set, clear all orevious transfer block counts and errors 
bit 5 - If set, don't do free wiggle fix before all retries 
bit 6 - If set, do not include •recovered" errors i:::i SS defect list. 
bit 7 - If set, ignore 8-bit-span ccrrectable ecc-errs. 
Overall loon count 
isequential) Read loop count 
(sequential) Write loop count 
Starting LEA 
Ending LEA 
Sequencial blocks per transfer 
Data pattern index 
Read retries on error 
HARD error threshold 
raw errors allowed in :0-10 bits 
Soft errors allowed in 10-10 bits 
Hard errors allowed in io-10 bits 
non-recovered errors allowed 
OxFFFFH == flag for NO LIMIT 
maximum write burnos 
Bump limit to use.when scanning (ff default) 
if (read-retries+l) ECC correct.ables, THEN hard. 
* l(patternsl * 512 * 8 = 3elO bits xfer. 
Max number of blocks Per xf er for random 
Random seed (Low Wordi 
Random seed (High Word) 
0 ; Random command sequence lread or write sequence) 

022 
BYTE OiOOOOlOlO ; bit l - output in microsteps in percentage 



:OfftrackTestCyl 
: SkipCylinder 
:VerifyTrackRetries 
:TransferBlocks 
:Microsteplncrement 
:?ercentOfftrackWrite 
:ReadErrorsTolerance 
:TestTrackPattern 
:AdjacentTrackPattern 
:?ercentToStop 
:PercentToStart 
:?ercentMinOfftrack 
:BadZonesPerHead 
:MeasurementRetries 

?.eassignPhysical 
:CmdFlag 

:,pf Comp 
:cmdFlag 

WORD 
BYTE 
BYTE 
WORD 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

026 
BYTE 

032 
BYTE 

100 
OFB 
5 
2442 
3 
0 
10 
7 
10 
7 
20 
12 
0 
l 

0 

OilOOOOOOO 

bit 2 - do not format test track and its adjacent tracks 
bit 3 - do not count errors correctable with 8-bit ecc-on-the-fly 
test cylinder 
skip cylinder 
number of retries for verify good tracks 
number of blocks to transfer 
step per increment 
write adjacent tracks with PERCENT offtrack 
read error threshold 
test track pattern for of £track read 
adjacent track test pattern 
percent microsteps to stop 
percent microsteps to start 
required minimum percent microsteps 
number of bad zones per head allowed 
retries allowed in off track measurement 

; bit 7 - Update conf ig page bit 

TestBitMap mapping. The following bit assignments correspond to adaptive 
sub-test or CP17 parameters to be adapted. Test may be enabled or disabled. 
Note: Test are 

- IW 
- ZPR 

2 VGA 
WPC 

4 - BW 
5 EST 

- PTF 
7 NCR 

3grAdaptive 
:CmdFlag 

:TestBitMap 
:Confidence 
:StartZone 
:EndZone 
: .'<prox2tPattern 
:TriBitPattern 
:ZeroPatcern 
:TestParams 

.·~odifvFindMode 
:CmdFiag 

ServoArrivalTMR 
:CmdFlag 
:C:ndTargetCyl 
:CmdTargetHd 
:CmdWrBumpLimit 
:CmdNumSeeks 
:CmdBumpLimit 

?op Corn 
: CmdFlag 
:Cylinder 
:LoopCount 
:SrvoMask 

:~ulli 
:CmdFlag 
:Cylinders 
:RevCount 
:LowLimit 
:HighLimi':. 
:DeltaLimit 
: IODiffLimit 

not executed in this order. 
;WriteCurrentlPWM) 
;ZPR(lOh) 
;VGAtst(2Bh) and DC Offset(29h) 
;Write ?reCompl09h) 
; ReadBW ( 03hl 
;ReadBoost(Olh) 
;Pole-tiP filter LC01(26) ,TL2(27) ,LT:JELAY(28) 
;Na Copy. or Repeat of zone zero 

02A 
BYTE OilOOOOOOO 

BYTE 
WORD 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

02B 
BYTE 

02F 
BYTE 
WORD 
BYTE 
WORD 
WORD 
WORD 

030 
BYTE 
WORD 
BYTE 
BYTE 

031 
BYTE 
BYTE 
BYTE 
WORD 
WORD 
WORD 
WORD 

OiOlllllll 
541 
c 
16 
16 
17 
8 

[16] 0 

0 
lOO 
0 
41 
1000 
100 

0 
100 
2.00 
OxOC 

Q 

32 
3 
4000 
4500 
15 
30 

bit: 7 - Update config page bit 
bit 1 and O - 00 adapt: at the ID of a zone 

01 adapt at mid zone 
10 adapt at the OD of a zone 
11 unused 

note that these options apply to all zones exceot 
the system zone. The system zone location is fixed. 
Enable or disable sub-test 
(times 100). 
Starting Zone 
Ending Zone 
for ZPR and DC offset 

a pattern of zeros 
input test parameters 

; Bit l == Set NO_FIND_MODE bit. (bit : clr clears it). 

; Bit O enables ss-fO-fatal-error. 

8% 

Sync, SAM errors only. 

Number of Cylinders accross stroke. 

between any 2 points in/out daca 
between in/out values per cylinder. 



EXECUTION SECTION 

JRG 0200 

:<amTest 

~odifyFindMode CmdFlag 
~odifyFindMode 

'.,PFComp 

StartStop 

ServoVerify 

?ooCorn Cylinder 
?opCorn 

?opCorn Cylinder 
?op Corn 

?opCorn Cylinder 
?opCorn 

:-lulli 

::<uncut 

ServoArrivalTMR 

100 

2500 

5000 

;; ... Seek Lengths 

?ixedLengthSeek LoopCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek LoopCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek LoopCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek LoopCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek LoopCount 
:ixedLengthSeek Steps 
:=-ixedLengthSeek 
:=-ixedLengthSeek LoooCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 
:ixedLengthSeek LoopCount 
:=-ixedLengthSeek Steps 
:=-ixedLengthSeek 
:=-ixedLengthSeek Loop Count 
?ixedLengthSeek Steps 
?ixedLengthSeek 

Loop Count ?ixedLengthSeek 
?ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek Loop Count 
:ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek Loop Count 
?ixedLengthSeek Steps 
?ixedLengthSeek 
?ixedLengthSeek LoopCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 

?ixedLengthSeek CmdFlag 
?ixedLengthSeek LoopCount 
?ixedLengthSeek Steps 
?ixedLengthSeek 

::<andomSeek 

•••• End of Seek Testing 

SgrAdaptive 

Jf ftrackRead Of ftrackTestCyl 
.OfftrackRead 

:..owLevelFormat 

~odifyFindMode CmdFlag 
-!odifyFindMode 

~eadSwitch 

3eqDefectScan 

'eassignPhysical 

~ogicalSequential CmdFlag 

Ox02 SET the no-find-mode bit. 

::. # of loop counts 
step increment 

l # of loop counts 
2 step increment 

l # of loop counts 
4 step increment 

1 # of loop counts 
8 step increment 

1 # of loop counts 
16 step increment 

1 # of loop counts 
32 step increment 

l # of loop counts 
64 step increment 

2 # of loop counts 
128 step increment 

2 # of loop counts 
256 step increment 

4 # of loop counts 
512 step increment 

# of loop counts 
1024 step increment 

16 # of loop counts 
2048 step increment 

Ox02 Read on arrival on, test limit. 
500 Ii of loop counts 
5330 step increment 

397 

CLEAR the no-find-mode bit. 

Ox90 Ignores, Clr counts/errs, rd-on-arrival OFF. 



LogicalSequential 

.LogicalRandom CmdFlag 
LogicalRandom 

.Runout 

.HeadSwitch 

StartStop 

.DeletePassword 

3YTE Ox ff 
CH KS UM 
ORG 4096 
*** END OF FILE *** 

OxSO Ignores, read-on-arrival OFF. 



snGunno 

SELF SCAN TEST.OUT 

THE STRUCTURE OF THE TEST. OUT FILE 
• Header 

- Message, exit code, return code, etc. 

• Test Summary 
- Test name, self scan error code, firmware error code, etc 

• Data Summary 
- Output data for each test sequence 

• Defect Summary 
- Data defect counts, map and graph 

- Servo defect counts and map 

• Additional output data for some test sequences 
- Runout 

- Train read channel 

- Nulli 
10-24-96 
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EXIT CODES I ERROR CODES 

snGunno 
• Self scan saves test results which include data of all 

test sequences, self- scan error code and firmware 
error code to designated negative cylinders. 

• UPT2 is used to extract self scan results and saved it 
in test.out file. 

• The test.out file for failed drive usually consists of 
four different error codes: UPT2 exit code, UPT2 
return error code, self scan error code, and firmware 
error code. these error codes attempt to explain 
different level of details related to the failure under 
discussion. 

10-24-96 
Saguaro Training Manual 

Section 8 - TEST PROCESS 
Page 19 



EXIT CODES I ERROR CODES, Cont 

snGunno 
• UPT exit code (EC) and return error code (RC) are 

contained in exitcode.err file. 

• Self scan error code is contained in se~f scan 
manual. 

• Firmware error code (or drive error code ) is 
contained in sag.err file and the Firmware manual. 

• U PT2 exit code 
- 2 digit hex 

- Shown on LED after test finishes 

- Used for grouping errors (e.g. looking at yield) 

10-24-96 
Saguaro Training Manual 

Section 8 - TEST PROCESS 
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EXIT CODES I ERROR CODES, Cont 

snGunno 
UPT2 return error code 
• 4 digit hex 

• UPT2 internal return code for each test 
• Internal is translated into EC. 

- Many RC to one EC 
• Bit 7 - 0 (sub lib) 

- Sub library code 

- What error inside library 

10-24-96 
Saguaro Training Manual 

Section 8 - TEST PROCESS 
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EXIT CODES I ERROR CODES, Cont 

SAGUARO 

• Bit 12 - 8 (libarary) 
- Ox1e00 ASPI library 

- Ox1d00 HSC library 

- Ox1c00 AT library 

- Ox1b00 BIOS library 
- Ox1100 Drive error 

- Ox1000 Drive library 
- Ox0800 Seek time library 

- Ox0500 Self scan library 

- Ox0400 Drive self scan library 

- Ox0300 Defect library 

- Ox0200 Parameter library 

- Ox0100 Drive initialization 

- Others 

10-24-96 
Saguaro Training Manual 

Page 22 
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snGunno 

EXIT CODES I ERROR CODES, Cont 

+ Bit 15 - 13 (special) 
- Ox8000 Fatal error 

- Ox4000 Interface not ready 

- Ox2000 Not used 

10-24-96 
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LIST OF REFERENCES 

snGunno 

+ Saguaro self scan manual (Microsoft doc.) 

+ Saguaro exitcode.err file (Text file) 

+ Saguaro sag.err file (Text file) 

+ Saguaro passed and failed test.out files 
(Text file) 

10-24-96 
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SAGUARO 

Saguaro FAILURE ANALYSIS 10/96 
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10-24-96 

No slides available at time of 
printing 

See attached handout 
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