






































































































































































































































































































































































































































































































3119196 

DISKWARE & OVERLAYS 

ROM RAM RAM 

f 2 K7 
Resident 

Internal 1 
0 

28K/32K 4K each 
32K Overlays 

Overlays: 

0 Defect management, logical-to-physical 
1 Super commands 

2 Diagnostic software & Selfscan supports 

3 Servo diag. routines, SMART 

4 SCSI error logging commands 

5 Additional SCSI commands 

6 future expansion 

TEMPEST FE TRAINING Quantum' 



ASIC FEATURES 

• Formatter 
> ID-less controller 
> 4-way interleaving ECC 
> Wedge number comparison for ID-less 

• Read/write 
> Channel rate up to 120 Mb/s 
> Thermal asperity recovery support 

• IDE 
> LBA mode 
> Transfer rate up to 16.6 MB/s 
> PIO mode 4 
> OMA Multi-word mode 2 

• SCSI 
> AutoSCSI - significant prot~col automation 
> Ultra SCSI - 20 MB/s synchronous transfer 

TEMPEST FE TRAINING 

3119196 

Quantum· 



THE ID·LESS EVOLUTION 

Traditional ID Before Sector (Pioneer) 

SECTOR1 ID SECTOR2 Wedge 
part2 part 1 

ID After Wedge (Thunderbolt) (Sr votc0) Pseudo 1' J)~ss .. 

Wedge IB SECTOR 0 SECTOR1 
part 1 

ID-less TEMPEST 

Wedge SECTOR O 

TEMPEST FE TRAINING 

SEGTQR1 
partt. 

SEC1 
part2 

Wedge SEC 1 
part2 

Wedge 

Wedge 

3119196 

Quantum' 



Benefits 

• Capacity 

• Throughput 

• MR Heads 

Writing wl ID 

:.·····~··.·····.···.: •. ··•.·•··· .. ·.·c·····.··.·· . I r······ 
! . 1 io DATA 
: I 
' I . . . . . .. . ... ~ ............ . 

........ 

WR 

·Challenge 

ID·LESS FORMAT 

Gaining about 4°/o of track real-estate 

No IDs to read, no need to correct ID error 

No need to retrieve IDs when writing sectors; 
Less concerns for the MR/write elements offset 

Reading wl ID 

····~· .•.... , •... ···.·.;· .. ·····•.·•.·· ... ·· ...•. ··· ....• '.·.·.·.'.·.·.'·.· .. ·.'.'""·'· r-·.·-_·.-,._:-·1 .. _'.>---,:·.-.-.- -_-_,_::_--.: ; 

; . I DATA : 
!ID I .. ··· . ! . - :: -, ; 

~.... .. ~-~~~f' <-, ----~-~-~)~-~- ........... : 
.. ...... .. 

0 

0 

Writing ID-less Reading ID-less 

· .. · .. ··.· .. ·-~· ........ ··.··· ......... ···-,·.·.·· .. ··············; ····~·.··.·1·········.·····.··.·.········ : .. ,.. : . -. ..- . 
! ..... .·· ·... DATA l .·. DATA 

.. . .. . . . . . ............ ---.. -. . . . . . . .. . . -. . . -...... --. ~ .. ---.. -. -.. -. 

3119196 

• Firmware overheads for defect management and track skewing 

TEMPEST FE TRAINING Quantum~ 
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LOOKING FOR AN 10 .. LESS SECTOR 

Wedge 
0 

Wedge 0 

1700 Start time 

2050 

TEMPEST FE TRAINING 

Wedge 1 

SECT081 .· Wedge SEC 1 SECTOR2 Wedge 
2 260 bytes 1 252 bytes< 

Split Time . 

e.g. Sector 1 begins at time 1700 following wedge 0, 

It will split after 2050 at the 4th byte (from group of 32 bytes) 
(i.e. when byte count modulo 32 equals Break count) 

Sector Descriptor 

Wede# 0 
Start time 1700 

4 

Quantum' 



CACHE 

• Leveraged from Fireball 

• Dynamically segmented cache 

> Segment size is determined by request size and prefetch amount 

• Concurrent reading and writing 

> Prefetch data while sending cache hit data to host 

> Finish writing data to disk while sending cache hit data to host 

> Finish writing while caching incoming write data from host 

• Enhancements in Tempest 

> Overhead reduced - Maximum of 10 cache segments 

> Extended prefetch in "sequential mode" - Prefetch until segment is full 

> "Auto-read" threshold increased to 40 sectors - More prefetch hits 

3119196 
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DEFECT MANAGEMENT 

• Based on traditional defect sparing scheme with revised ID-less interface 

• Four spares per system track 

• Two in-line spares per data cylinder; unlimited off-line spares 

• Accommodates 1,227 maximum defects per drive 

• Defect table is hashed to expedite defect lookup 

• "Transparent auto-reallocation" to eliminate data loss 

Defect entry in working-list: 

Status .. · 
8eplacement cyl offset 

Defect cyl low 
Defect.head I cyl high 

Qefecfsect6r 

Status byte: 

7 6 5 4 3 2 1 0 

in-line spare 
orphan 

TEMPEST FE TRAINING 

L I I ' replacement offset ( +/-) 
second spare sector 

- replacement offset valid 
factory defect 

3/19196 

Quantum· 



ECC 

• ECC hardware upgraded to handle higher soft error rate 

> Extended four-way interleaving -- 6 x 4 redundancy bytes 

> Improved robustness -- 4 cross-check bytes 

• Single-burst "on-the-fly" correction up to 32 bits (0. 7 mS max.) 

• Double-burst "on-the-fly" correction up to 64 bits ( 1.1 mS max.) 

• Triple-burst correction of up to 96 bits (2.2 mS max.) 

TEMPEST FE TRAINING 

3119196 

Quantum· 



THERMAL ASPERITY RECOVERY 

• Hardware 

Shiva Blue 
Real-time baseline compensation, AGC and timing coasting 
Generates detection signal to the controller 
Force Address Mark detection for sync field error 

Akbar 
Registers the sector number of the asperity 
Registers the position and length of the asperity 

• Firmware 

- Invoke only if error is analyzed to be caused by T.A. 

The retry algorithm is: 
1. Enable Blue's detection and compensation feature 
2. Determine off-track read position (best-of-3) 
3. If address mark problem, using the best position, apply F.A.M. 

TEMPEST FE TRAINING 
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S.M.A.R.T. 

(Self-Monitor Analysis and Reporting Technology) 

• Formally known as DPA (Drive Parameter Analysis) 

• Leveraged from Fireball SMART 3.5 code, monitoring: 

w Power on hours 
w Number of start/stops 
w Number of power cycles 
w Spin-up time 

• Additional Phase 4 attribute: 

tl Raw error rate measurement 

• Additional Phase 4 features: 

w Number of grown defects 
w Seek error rate 
w Number of recal retries 

w Enable/disable automatic off-line command 
w Off-line immediate command 

TEMPEST FE TRAINING 

3119196 

Quantum' 



• Operational: 

• Outstanding Issues: 

TEMPEST FE TRAINING 

CURRENT STATUS 

> Reading and writing 
> Error correction and recovery 
> Read and write caching 
> Fine tuned cache performance 
> Defect management, auto-reallocation 
> Tagged command queuing 
> Selfscan 

> Fixing bugs 

> Streamline thermal asperity recovery 
> SMART data collection and threshold setting 
> Customer-specific compatibility testing 

3119196 

Quantum' 
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MP TEST PROCESS FLOW 

HOA Tester 

(Sample Only) 

0 

,, 
PCB Disk ware .. 

Servowriter - - - Final Station - ... - Self Scan ... 
Install Download 

n 

PCB 

Function Test 

page:2 2129/9(:);'.\ ! 



SERVOWRITE & ~DA 
TEST PR.OCESS 

page:3 
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SERVOWRITER HIGHLIGHTS 

FIREBALL SIROCCO TEMPEST 

5400 RPM 4500 RPM Fast Write 

Gang Write Stagger Write Stagger Write 

2 Passes/Track 3 Passes/Track 3 Passes/Track 

4100 TPI 5850 TPI 6775 TPI 

3 Burst Pattern 4 Burst Pattern 4 Burst Pattern 

76 Wedges 90 Wedges 90 Wedges 

1 Or 2 Disk HDA 2 Or 3 Disk HOA 1 Disk HOA 

3 Position 4 Position 2,3 Disk HOA 

4 Position 

i~:;i1;J1:;~1·::•··:1.···.:;.·····.·····•.:···· ······. 

:. ,,,, .· :Ii«<.- .• page:4 

.. ~ · .·: · ~:<··1!i,~; :·i'.r:1.~, ::Y~.f'.i· 
·:. :;kH;;".'.' 

2/29/96r1Vi: , ' · · .A 
' '.;.;~:-k:: , .. ;;,.<.:,.;...-::~) 



SERVOWRITER TESTS 

• SAM to SAM Check 
> Checks Circumferential Position of Wedges 

• Parametric Tests 

Stroke Test • 

• Servo Verify 
> Process Monitor on 1 Surface - Sampled Process 

page:S 2/29/96 .. 
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SERVO WEDGE WRITE PROCESS 

• Staggered Head Writing 

• 1/3 Track Stepping 

• Laser System for Radial Positioning 

· Clock Head/Clock Track for Circumferential Positioning 

· Process Data Written on Super Cylinders (ID Cylinders) 

• Fastwrite Process 

page:6 



.,. .• ._,/\' ,:"J~Jll 1' .1 1·.' ',~ 1 'i."' --- I 

··.'. ··.· ...• ,\{ .: '·'·'' ·.'··.· '} ,~· "'· !<••I ' '' . ;t~•l,1 

~.!·. '.tt.'."''.. ..·. \,.';' V.'I'·"' ~~~'S' 
' . - '.~' 

. . '··· __ , 

'\' \ ' ' I I I 'I ~ l . \ \ l ~-'~. ' 

SERVOWRITER FASTWRITE PROCESS 

• Product Speed: 4500 RPM 

• Servowrite Speed: 6000 RPM 

• I Disk Product Enters Mass Pro At 6000 RPM 

• 213 Disk Product Enters Mass Pro at 4500 RPM, Then 
Upgrades to 6000 RPM At A Later Date 

' . 
·' ' 

page:7 2/29196· i 
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HDA TESTS (Sample Only) 

• MR Resistance 

• LFTAA 

• HFTAA 

• Resolution 

• Modulation 

• Overwrite 

• PW50 

• Non-Linear Transition Shift 

• Signal to Noise 

• Asymmetry Test 

page:8 2/29/96 



SELF SCAN TEST 
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PRODUCTION TEST PROCESS FLOW 

HDA Tester 

(Sample Only) 

'~ 

,, 
PCB Diskware -... - -Servo writer ... - ... Self Scan 

- .... Final Station 
Install Download 

~~ 

PCB 

Function Test 



PCB FUNCTIONAL TEST 

• Test Functionality Of Each PCB Subsection 
> Spin Up Captive HDA 

>- Controller Buffer RAM Test 

:> Perform Seek Test 

:> Read/Write Test 

> DMA Test 

:> Connectivity Test (AT) 

• Slave Present, Cable Select, PIO Mode 



DISKW ARE STATION 

• Prepares drive for selfscan testing 

> Spin up 

> Initialize system tracks 

• Calibrate read channel for system zone 

• Map any media defects in system area 

• Load default configuration parameters 

> Write diskware to HDA 

> Write selfscan test script to HDA 



··1·· ·1 : 1' \ p F ~ ·1·· . .~ ' ~.,' . 

SELF SCAN TEST PROCESS 

• Tests are similar or equivalent to tests in Digital Scan 

• Self scan resides in diskware 

> Selfscan is only loaded during production testing 

• Tests are specified by SIS script 

> Diskware station writes SIS script 

• SIS starts by detecting SIS script (Password) 

> Optimize Drive Performance 

> Test Drive Functionality I Performance 

> Scan and Map Media Defects 

> Measure Soft Error Rate 



. ·1 · l :, 1'\ P I : S ·r . 

TEMPEST TEST ENHANCEMENTS 

TEMPEST 

MR Bias Optimization 

MR Head Stability Test 

MR Microjog Calibration 

"Taguchi" Channel Optimization 

Test Time Optimization 

FIREBALL 

NIA 

NIA 

NIA 

One Parameter At A Time 



SELF SCAN TEST FLOW 

• Buffer RAM Test • Sequential Head Switch Test 

• Kloop Servo Optimization • Fixed LengthSeek Test 

• MR Bias Current Calibration • Random Seek Test 

• Input Attenuation Calibration • Offtrack Read Capability 

• Micro Jog W/R MR Calibration • Physical Sector Defect Scan 

• Adaptive Data Channel Calibration • Inline Defect Sparing ( f'l;, '111...,,,,.J- _,J._,_ L,,,,,_,,,_) 

• MR Head Stability Check • Logical Sequential/Random Scan 

• Servo Wedge Verify (B~Rl:easurement) , ·~ V'• 1/) 
~r··"' . ' .(.£ ~o<l.e. (evil j; • V\.·~ .) CH·~ • , 

• Repeatable/Nonrepeatable Runout . • Start/Stop Test 



• 

• 

PERFORMANCE OPTIMIZATION 

MR Bias Current Calibration 

Kloop Optimization 

> Maximize servo performance and stability 

• MR Microjog Calibration 

> Calibrate Microjog Offset for Each Head 

• Channel Optimization (Minimize MSE) 

> Input Attentuator Calibration 

> Optimize Write Precompensation 

> Optimize Continuous Time Filter (Boost/Bandwidth) 

> Tap 4 Optimization For FIR Filter 



FUNCTIONALITY I PERFORMANCE TESTS 

• 

• 

Buffer RAM Test 

Runout Test 

> Measures repeatable and nonrepeatable runout 

> Test at multiple locations on each surface for all heads 

• Servo Wedge Verify 

>- Map servo defects 

> Verify radial/circumferential wedge position 

• Start Stop Test 

> Test the spin-up time 



, · ., : l'\ l' I : ~ · · · , \ . . . .· I . 

FUNCTIONALITY I PERFORMANCE TESTS . 

• Head Switch I Single Track Seek Test 

• Random Seek Test 

• Fixed Length Seek Test 

>-- Third Stroke/Full Stroke Seeks 

• Offtrack Read Test 

);;>· Verifies Offtrack Read Margins 



. 'f ' : r. \ 1) 1 : s '/' . 

DEFECT SCAN 

• Physical Sequential Scan 
>- Multiple scan patterns 

• Logical Random Scan 
>- Random reads and writes 

>- Maps defective sectors 



ERROR RATE MEASUREMENT 

• Logical Scan 0-et:o l?1A _n ) 
>- Combination of sequential and random scans 

>- Logs i:_ecovered error by tY]2e (§ense key & sense code) 

>- Logs soft errors per head and per ~riv,e , ·. ~. 7 7 
~ ~.s c~F\._~Cf<_ 1VA-oct_ ics1:-. 



FINAL STATION 

• Self Scan Report 

• Power Cycle Test,__/, 

• Write/Read with Full Compare L/ (q,(( ~cs ~J 

• Generic Ship Configuration _/~ 



TEMPEST 

Design Verification Test (DVT) 

Quantum, Reliability Engineering FE Training,, 3119196 



TEMPEST DVT 

e Overview 

eStatus 
ePlan 

Quantum, Reliability Engineering FE Training, 3119196 



TEMPEST DVT Overview 

l DVT J 
__[ 

..!. :r 
[ Parametric Tests j [ Environmental Tests J [Regulatory & Safety Tests ] 

I 
[specification Compliance Te~ [ Stress Tests ] [specification Compliance Tes~ [ Stress Tests J ..... ..,..~~~~~~~~~~ ~_,.~~~~~~~~~--' 

.1 I l .1 

H:::====FC=C=RF==l/E=M=I====:J 

.--~~~-S-tn-.re~~~----.J H:::=====V=D=E=R=F=l/E==M==I====~J 
LI UL, CSA, TUV ] 

..__E_1_ec_tr_o_m_ag•n-et_ic_s_u_sc_e_pt-ib-il-it_y_J.,, L~------------

Acoustic J K 
:========~ Under Voltage Protection J L{._ ___ c_o_nt_a_ct_s_ta_r_t/s_t_op._ __ _. 

DCLine Noise Immunity J H_ Four.Corner J H_ 

J H _ Operating Temperature/Humidity ] H: 
Thermal Mapping J H_ ESD J H_ Magnetic Susc~ptibility ] 
Power Sequencing J H: Operating Altitude ] H: Operating Vibration J 
Start/Stop Time J H_ Non-Operating Altitude J H Non-Operating Vibration J 

Sequential Head Switch Time J H_ Storage J H_ Operating Shock J 
Power Consumption ] r£Acceleration Package Drop/Vibration J H..____N_o_n·_O_pe_r_a_tin_g_S_h_oc_k ___ J.,, 

Access Time J '-i_ Non·Op Rotational Vih./ Shock J H_ Shock Damage Boundary J 
~----------~ 

Hot Plug J L{.._ ___ Th_e_r_m_ai_s_h_oc_k ____ J~ 

Motor Rotational Speed 

Throughput 

lnterrace 

Locked Motor 

Mechanical Dimensions 

Quantum, Reliability Engineering FE Training, 3119196 



TEMPEST DVT Status 

• Parametric Tests: 
» 100% Completed (Pl') 

• Environmental Tests: 
» 58 % Completed (Pl') 

» 42% Testing in FMT/DMT 

• Regulatory & Safety Tests: 
» 100% Completed. 

Quantum, Reliability Engineering FE Training, 3119196 



Tempest DVT Status (cont.) 
i i@il( I)!!! .. :fiiii!!Jliiill!liif'iiil/iil!liflfJ!i!{'I!;;, . .,. !E••um 

• Parametric Tests 

Test Drive Status Failure Mode Corrective Action ............................................................................................................. .................. . ...................................................................... . ························································································· .............................................. ················································································ 

Level 

....... Y11de,r .. Y2l.t11g~ ~~2~~~ti211 PI' Pass 
•e•••>"''''''°'"'"»-~em>nn~>»•••""'"' •<">"'''"'"""°'"•'-•""'" ,.,. •• _,.,.,,,,,., ••. _. •• ,., ••••••• ., •• .,~••••••••.,•••••., H•••••••••••••••••••••••., •••••••••••n•••••• 

................. M'?!C?t!.l.'?.!.?.!.il:J .. 11.?1. ~P.t'.t'..~ E3 Pass 

.............................. ~.'? .. \.Y. .. t'..~ ... ~ .. t'..9 .. 1:1 .. t'..ll .. <:..i.!1 .. 8. ............................ .. . . . .. .. f.<:} . ................... ········ ......... ~.?.~ .. ~ ... . 
Locked Motor Pl' Pass 

' ",,.,,,, .. ,_, .. ,,,,, ,,,_,.,~.·.~w.-~"•c..~·~""'~ ""'~' " '•" """""'"'"~'""~ ,,,,,,,,,,,,,_,._,., .. ~"' 

Mechanical Dimension E3 Pass 
......................................................................... ..................................................................................... ............................................................ . ................................................................. .. 

Acoustic P2 Fail .......................................................................................... . .................................. .. ..... ................... ... .1.~J~.111().~.t'. ... ~.~.:?..~ .. l:l..~ .. s,.P.~.~..}.?...................... .. .... . .... ~:·Ud. t'..c;!YM . .P. .. M ... M .. '? .. t.()E.!t.n.,P!()\f t'.t.n.,t:.11.~ .. . 
. . Ih,1?,r:.111.a,,1 ~~"p !n,;g ""'"'" ,,.,,, ... w ... I>,,,!~"'""" "~wwwp ~~•m•~ -~• .. m~•·m·"-"""" .. "'~'·'"""'"""'"'"'~··"""'""''."'"'"""~,,,,,,,,,,,,m,, .. ,,,. m.,,,,,,,,,,,,.,,~,. .. ,,mm"•·"" . .,,,,,,,,,,.,,,,,,,, ...... ~.-,,. ..... , .. ,,.,.,,,,,, .. m,,,.,,mm"""'··w..,•n·m.,,,. 

. ~!~r~/~.!'?.P.Ti.~.~ .. S................. .......... ... • .. f>} . .' ......... ... ...... Pass .................................. . 
. ...... §.e,ql!.'?1:1..~.i.a.LI:!.t'..<:t.d../G.Y!..§.~i!c;h,......... P I' Fail ........... 1::1 .. t'.3:.~ ... ~.~ .. it.c;h, .. Y'..i.!h.i.ll .. S.Pt'.':.·~ ... ~.?%:. ..... .. . . Qpt.i111\:,;~ S.t'..r:\f.'? ... <:..c:>A.t'.. ~ .. ~.~.<:t.d. .... c;.~.a..1:1..1:1..t':L ... . 

f>()\.Y.t':f <;':()1:1.S,l1111Pl}()J1 Pl' Fail Stand by , Slee,p o yer: !:? W a,tts, J=>g~er.1113:.!1 a.gi:i.n.,e11tL1'1!W l!P.~a.tt: ..... . 
Access Time Pl' Fail ~e,e,~time Overl~111S(ld.~L ......... . .. ..1..~.d..~.~A .. c;.t .. l!.a. .. t.().r: .. G.<>.il.?~.3:'.1 .. g .. ~ ....... . 

. ... J:l'?tf>lllg Pl' Pass ...... ........................................................................... .............................................................. ......... . .................... . 
DC Line Noise Pl' Fail Akbar burnt .,,, ... T..I f':~A ... .illl~_simul~.t'.,!t': .. ~!i'! .. 8 ""' 

CSS Pl Fail .. 40KCSS,crash.st()pbangir.ig •......... §~r:v()c;'?d.t'.·II<l.~,A.~~!Mt'.~.ia..PE'?C:~S,S.flll~~ 

.............................. I~rl:)ugh.put... Pl' Pass ............. . ..................................................... . 
Interface PI' Pass 

Quantum, Reliability Engineering FE Training, 3119196 



Tempest DVT Status (cont.) 

• Environmental Tests 
Test Drive 

Level 
Status Failure Mode 

EMS Pl' Pass 

Corrective Action 

................................. . ... !Y1.:.$.:::::::.:: ... :.' ... ::.. ... il.F... .... ........ :·:·::::· ............ t.>a.~.~:.::::.: .... :. : .. : .. :: :· .. : :··:··::: . : ::::: :: : :.:.··.: :::::::: ... ::: .. : ...... :.::.:::.::::: .. :···::::.::.:.::.:::::: .::: . ······························· ·········· .................... ···················································· 
... __ ..... 9..E ern ti~~LYib ~.!! .. ~!9..!1:... . ...................... _.~!.~ ..... ,, ..... __ ..................... !'_a.J,,S, ........... ,. .... ,, ... ,.... ............... . ................. ~ ......... www ......... - ... --.............. - .... - .... ~ ............ www~ .. - ............... _ .. ~ .................................. - .. -

~=·=·~Q~;i!~&~s~ .. ~~;.~~-~---·· .. =~=·=.,-:.,·:=J{~--==:-.·::=:.,: .=:~.,====f ~!+ .. ·~·~=·.,· ... .,= .. =.,=., ..... - ... ~.,.: ... :..,·-.·.=:.,-.·:: .. ===·:::·::==·==·=·:= .,=.,=:= ...... =:·::.:: .. ::::.: .. :=·:====·: ........ =-.. ,,---~=-··········:===· 
.............. N . .9 .. I.1 .. :.9.P..~ .. r.a..Hr.i .. s. .... ~ .. ~ . .<:> .. C::.~............. . ........................ X.J. ······· ··············· Pa..s. .. s.. ..... ................ ······················· .................................. ..... ................................................................ ....... ................... ..... ....... ............ . ................. ··························································· 
... ~.~ . .<:> .. c::.~ .. l?..ll:.i!!.ll:.8..~ ... ~.9..!i.':1:.~.a.r.Y.. ................................ ~~- ..... .......... .. . .......... I.~.~--~ .. i.r.t ... P.M.! ....... ·················· ......................................................................................................................................................................... ·········· ............................ .. 

Quantum, Reliability Engineering FE Training, 3119196 



Tempest DVT Status (cont.) 

• Regulatory & Safety Tests 

Test Drive Status Failure Mode Corrective Action 
=-~-·W--"A"'"~"~··~~~~-~~'"'"M'"'""'~""""~"""""""" '--~~-~W,_,,,,, m•,,;mA• -~,,,..~.,~-~•wmu~u~~~·.v~-• w•=,,,,_ _ _,,,,,,_,,,,_,~~v.owumumnmmum~~-~.·~_,,_,~~~"W""~W~.,_,,,,,,,_.,,__ ,,_.,,_,,,_.,.,.,,,,.,,,.,wv,µ_••••"-'m~•""''~"'""''"'"'"~=-=~~---~-,-..·~...,..,, .. ,,.,,..,,,,,.._,,.,,,,,,,,,...., 

Level 

Quantum, Reliability Engineering FE Training, 3119196 



· TEMPEST DVT 

e P2 FMT PLAN ST ART : 3/1 /96 

END : 3/15/96 

e P2 DMT PLAN ST ART : 3/19/96 

END : 5/30/96 

Quantum, Reliability Engineering FE Training, 3119196 



TEMPEST FMT Test Plan . 

18 • 1.08G AT/SCSI -each 
18 • 2.16G AT/SCSI • each 
18 • 3.24G AT/SCSI • each 

Slarl (Baseline) 
18-1.0G AT/SCSI each 
18·2.1G AT/SCSI each 
18·3.2G AT/SCSI each 

3/4/96 

Earliest Start Duration 

B 
Earliest Finish Resource 

3/7/96 5 
3/14/96 3 

"""3.LS.fil 
r----A-c_o_u-st~ic~--v 

10·1.0G AT/SCSI 
10·2.1G AT/SCSI 
10·3.2G AT/SCSI 

3/6/96 

DC line noise 
Test 

2·1.0G AT I SCSI 

Power 
Consumption 

Tes I 
6-1.0G AT/SCSI 
6-2.1G AT/SCSI 
6-3.2G AT/SCSI 

3/18/96 ~ 

3/7 /96 5 3/ 14/96 4 

ESD Power Sequencing 
Test 

2-1.0GAT/SCSI 2·1.0G AT/SCSI 
2·2.1G AT/SCSI 

/13/96 Q/R 3/19/96 Q/R / .~ 

3/7/96 

Four-Corner 
Test 

6·1.0G AT/SCSI 
6·2.1G AT/SCSI 
6·3.2G AT/SCSI 

Operating 
Allilude Test 

6 

4 

3/15/96 

Seek Access Time 
Te.st 

3·1.0G AT/SCSI 
3-2.1G AT/SCSI 
3·3.2G AT/SCSI 

3/18/96 

3/13/96 

Op/Non Op 

3·1.0G AT/SCSI 1------1 

3·2.1G AT/SCSI 

Shock 
3-1.0G AT 
3-2.10 AT 
3·3.20 AT 3·3.2G AT/SCSI 

3/12/96 
3/28/96 

2 

3/13/96 3 3/18/96 
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TEMPEST FE TRAINING 

HEADS AND MEDIA, MARCH 1996 

BY KATHY TANG 
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) 

OVERVIEW 

• Tempest Heads and Media Design Specification 

• Fly Height Budget Model 

• PPl and PP2 Drive CSS Data 

• PP2 HDA Test and Selfscan Data 

• PP2 Supplier Issues 

• Other MR Related Issues 

------------------
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I. Tempest Heads and Media Design Specification 
1. Head Design Specification 

Areal Density (Mbpsi) 

Track Density (TPI) 

Linear Density (KFCI) 

RPM 

Fireball 
380 

4200 

99 

5400 

Fly Height (nom/min) (u") 2.25/1.75 

Slider Size 

ABS with COC 

Suspension 

Load Beam Thickness 

Preload (Gram) 

50% 

TPC,NPAB 

850LSF 

3 mil 

5.0 

Sirocco 
600 

5850 

' 115 

4500 

2.75/2.25 

50% 

TPC,NPAB 

850LSF 

2.5 mil 

5.0 

Tem_Qest 
784 

6775 

123 

4500 

2.50/2.00 

50% 

TPC,NPAB 

850LSF 

2.5 mil 

5.0 

TtVipst~. upJ 

·----------------------
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Fireball 
Writer Head Design Inductive TF 
Write Tums 42 
Write Pole Width (µm) 4.7 
Write Gap Length (µm) 0.25 

Read Head Design TF Inductive 
MR Transverse Bias 
MR Longitudinal Bias 
Nominal Read Width (µm) 
Read and Write Width Relation 

Minimum Read width (µm) 
Read Gap Length (µm) 
Read DC resistance 

TEMPEST FE TRAINING 

Sirocco 
Inductive TF 
15 
3.5 
0.45 

MR 
SAL 

Tem~est 
Inductive TF 
12-15 
3.0 
0.4 

MR 
SAL 

HB or Exch. Bias 
2.6 

HB or Exch. Bias 
2.4 

0.3 
15 to 30 

Magnetic Read width 
< optical write width 

1.8 
0.3 
17 to 40 



2. MR Head Structures 

Head Vendor Air Bearing Transverse Longitudinal MR WRITE 
Bias Bias Resistance( Q) Tums 

QUANTUM NPAB SAL Hard Magnet 28 15 

TDK TPC,XNP SAL Exchange Bias 29 14 

ALPS TPC SAL Hard Magnet 22 12 

Read-Rite TPC SAL Hard Magnet 27 15 

Yamaha TPC SAL Hard Magnet 24 12 

TEMPEST FE TRAINING 



3. Media Design Specification 

Units Fireball Sirocco Tempest 

Br8 G-µm 270-290 130 125 

Coercivity Oe 1800-2000 2200 . 2200 

Carbon Thickness A 125-150 125-150 125-150 

Glide Height nm(µ") 38 (1.5) 38 (1.5) 30 (1.2) 

Substrate Al, 95x31.5 Al, 95x31.5 Al, 95x3l,5 

Texture Full Surface Full Surf ace Full Surf ace 

css cycles 40k 40k 40k 

------· -·--------------------- ·-·---
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MEDIA STRUCTURE 

Alloy Texture Carbon Lube 

Fuji 

MCC 

. AKCL 

CoCrTa-based Full 

CoCrTa-based Full 

CoNiPt Full 

Showa-Denka CoCrTa-based Full 

TEMPEST FE TRAINING 

DLC Z-dol 

H-C/A-C Z-dol/Demnum 

H-C 

Normal Carbon 

\ 



IL FLY HEIGHT BUDGET 

1. Head Fly Height Model-Lognormal Distribution 

Fly height distribution at HGA level (5000 RHG Pl heads) 

Fly height distribution at HSA level (staking effect) 

2. Disk Glide Model-Weibull Distribution 

3. Total Clearance at sea level and lOk feet. 

4. Data package: 
Flying height profile and 3 sigma range for each head vendors. 
Disk Glide Avalanche Curves at 3 radius for each disk vendors at P2 build. 
Disk Glide Hits Avalanche and Yield Curves 
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TEMPEST HSA vs GLIDE @ SEA LEVEL 

1000 

900 DISK GLIDE - ----~-

800--

700-

600 

500 

HSA 

400-

300-

200-

100-

HEIGHT IN u" 
I I I '1; l() I I I -- S1 (>') c.j (!) r-... I 

c".i c".i (() 
0) 

c".i c".i 
'<j-

Page 1 



400 

350 --

300 -

250 

i;' 
c 
~ 200 -
er 
~ 

150 -

100 -

GLIDE Chart 2 

TEMPEST HEAD CLEARANCE HEIGHT DIST. 
AT SEA LEVEL 

----- --------"-·------·----··----~--------------------------- -------- --------------------

Clearance In u" 

Page 1 



Sheet1 Chart 1 

TEMPEST HSA vs GLIDE@ 10K FT 

1000 ------
- --~----~-~------------

·--------
900-- DISK GLIDE 

800-

700-

600-

500 

HSA 

400 

300--

200 

100-

HEIGHT IN u" 

Page 1 



GLIDE vnart 2 

TEMPEST HEAD CLEARANCE HEIGHT DIST. 

>. 
0 
c 

350 

300 -

250 

~ 200 -
CT 
!!:! 
IL 

150 -

100 - -

50 

0 
~ o N ~ v ~ m ~ ro m 9 ci ci ci ci 0 0 0 0 0 

AT 10K FT 

~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ 

Clearance In u" 

Page 1 



TEMPEST P2-RHG NPAB 

3.8 -----·. ·---·-- ----- -· -----·-- -··- ------·----·-

;'"' 3.6 
:::i 
;:::- 3.4 

8 3.2 .. 
jjj 3 
:z:: 
CJ 2.8 
z >= 2.6. 

~ 2.4. 

b 2.2 .. 
2 -------l--·-----t-------t------------1-·--·-···-· 

3.2 

3 

i 2.8 

iii 
:I: 
CJ z 
~ 2.4 
LL 

b 

0.8 1.2 1.4 1.6 

RADIUS 

TEMPEST P2-TDK XNP 

2 · -·-·-----t-- - ·------t-------1-----·-I----

0.8 1.2 1.4 1.6 

RADIUS 

1.8 

1.8 

[---------- -.-.. --+-ave-3sigma 

----- average 
-A-ave+3sigma 
------·---

Sheet1 

TEMPEST P2 VAMAHA SF TPC 

4 . -··--··-- ---- --·------- -

~ 3.8 
2- 3.6 .. 

!c 3.4 . 
CJ 3.2. 
iii 3 
:I: 
CJ z :;:: 
~ 
b 

2.8. 
2.6 ·-

2.4 
2.2 

2 ·.-. • • 
1.8 -- --·---·--+-·--- - - ···-·I 

0.8 1.2 

• • - f 

1.4 

RADIUS(") 

• ... ----+-·---·· --- . 

1.6 1.8 

TEMPEST P2 TDK-TPC 

3.6. -- -------· 

3.4 . 
~ 

2- 3.2. 

!C 3 
CJ 
~ 2.8 

~ 2.6. 

~ 2.4 

b 2.2. 

Page 1 

2 

1.8 

0.8 

----!----· ·--· -1- - -- -··-I 

1.2 1.4 

RADIUS(") 

·-·I 

1.6 1.8 

--+-avg-3sigma 

---average 

......,__ avg+3sigma 
----~---···---. -·- -

--+--AVG-3SIGMA 

----AVERAGE 

-A-AVG+3SIGMA 



TEMPEST P2 ALPS TPC 

3.6 ------------------ -- ------- . -----------------· -- -----------

..-. 3.4 . 
=:::i 

;::- 3.2 
:c 
Cl 3 
jjj 
:i:: 2.8 
CJ 
z 2.6 

IL~ 
2.4 

b 2.2 .. 

-- -- --+------· -- - ----+---- ··--+--

Sheet1 

2 

0.8 1.2 1.4 1.6 1.8 

RADIUS(") 

TEMPEST P2 RR TPC 

3.7 ------··--------------- --- ·- --------

...... 3.5 . 
• .:. 3.3 

!c 3.1 
Cl iii 2.9 
:c 2.7 

~ 2.5. 

~ 2.3. 

b 2.1 
1.9 
1.7 -------!-----· -----+----------+-------+--~-~~ 

0.8 1.2 1.4 1.6 1.8 

RADIUS(") 

. ~-= ~~-~3:~~MA-
_..,_ AVG+3SIGMA 
-----~-------- ---· 

Page 2 



:~ SHOWA DENKO 

\....· 

SPUTTERED TlllN FILM DISK 
No. QTT-950904 

Sheet 10of 10 

Glide Av11.lanchr: Curve 

Glide Avalanche Curve 
TEMPEST 

Lot No.QTT..:950904 

10 0 ----------

80 
; : 
: ~ : ....... •·····-·--.. -· .. . . . . 
: ~ 

' . 

-e- AYE 

-~- MIN 

-·~·· MAX 

60 ........ ~ .. -.,-----·-!-·-·- .. . . 

: ; I 

4 0 ----·~- ..... : ...'. ..... -·--. - ....... : ....... ·.·-· ___ ), _______ ··----~ .. ---··-

' . 
. . 

20 
. 

0 .. 
0 
0.7 0.8 0.9 

~ ..... ,., .. * e 0 
1 1.1 1.2 1.3 1.4 1.5 1.6 

Flying Height (u") 

HITACHI RG570 Glide Tester 
Glide-Write 50% l)'pc2 Head 



w 
(!) 

t: 
...J 
0 
> 
~ 
Q. 
I-
::J 
0 

3.5 

3 -

2.5 

2 .. 

1.5 

1 . 

0.5 

,. 

ESV-062.LGB 

GLIDE AVALANCHE CURVE 
TEMPEST/1060/FUJl-Y/68 

EXCEL:R13F3446.XLS 

-+--OD 

MD 

--A··- ID 

LANDING 

0 1--~~--1-~~~-1-~~--+~~~-1-~~---,f--~~-T-~~~+-~~-+~~~+-~~--+~~~-1-~~--1 

0.6 0.7 0.8 0.9 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 

FL YING HEIGHT, u" 

12/20/95 



III. PPl and PP2 Drive CSS Data 

CSS Test Environment 

Ambient 23 + 30c (50 ± 3) 0/o RH 

Hot and Dry 50 + 30c (15 ± 3)o/o RH 

Warm and Wet 32 + 30c (80 + 3)o/o RH 

Test parameter: 
Spinup with srecal and drive in ready mode, then spindown. 
Breakaway Torque after every lOk cycles and 24hr soak. 
Sequential read at every 1 Ok cycles. 

Test Matrix: every head vendors vs. every disk vendors 

TEMPEST FE TRAINING 
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FUJl-Y 

P2-CSS DATA 

FUJl-Y (WARM/WET) • RR 
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FUJl-M 

P2-CSS DATA 
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, SHOWA 

P2-CSS DATA 
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AKCL 

P2-CSS DATA 

AKCL (WARMJWEn • RR 

• RR 
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IV. PP2 Drive HDA and Selfscan Data 

Data supplied from P2 drive testing 

1. Parametrics (TAA, PW50, Asym, NLTS, Resol, SNR) 

2. MR resistance 

3. MR head instability test (COV, MSE variation) 

4. raw-error rate 

5. Off-track capability 

6. Media defect map 

TEMPEST FE TRAINING 



Tempest P2 Head/Media Mean Parametrics 

RHGS RllGB TDK TDKN Alps Yamaha RR 
HFTAA_{mV) 83.6 86.7 109 93.9 90.2 98.3 139 
Asymmet!1'__( <±20% l 3.8 -1.9 -0.1 -1.2 1.5 -1.4 -4.9 
IACSN (dB) 20.8 20.9 21.3 21.0 21.2 21.4 22.6 
Pos. PW50/T 1.69 1.77 1.77 1.76 1.83 1.85 1.82 
Neg. PW50/T 1.76 1.75 1.79 1.75 1.85 1.83 1.74 
OW@MD _{>30dB} 36.0 33.9 35.0 36.1 36.1 34.3 35.2 
NLTS@OD (<25%) 13.6 14.3 15.9 13.4 17.4 18.6 14.8 
Resolution (>70%) 83.3 83.1 80.8 81.8 81.5 80.4 82.3 
Pos. Mod. (o/~ 5.6· 5.5 6.7 6.8 6.6 6.0 6.6 
Neg. Mod. _{%1 -5.8 -5.8 -6.8 -6.9 -6.7 -6.3 -6.8 
Resistance__{ 17 to 400) 27.5 26.4 20.5 22.8 22.6 23.8 22.7 
cov (<2.5%) 0.7 0.8 0.8 0.9 1.7 1.2 l.6 
Microiog @ MD (µstep) -328 -273 -19 10 -256 126 -583 

-



Disk Vendor 

MCC 

AKCL 

Fuji 

ii. MEDIA SUPPLIER STATUS 
Technical Issues 

1. Glide Improvement 
2. CSS stiction 

1. NLTS, OW 
2. CSS stiction 

1. site qualification 

Improvement Plan 

Texture and contamination control 
Lube and Carbon 

Mrt and He optimization 
lube . 

TEMPEST FE TRAINING 



VI. MR SPECIAL ISSUES 

• Thermal Asperity 

Head/Media Clearance Control (1.2u"Glide/2.0u" min fly height) 

"Blue" Read/Write Channel/ Akbar Controller TA Recovery 

• MR Head Instability 

MR Head Design & Process Improvement 

100% Screening by Head Vendors with On-Track COV and Additional Test 

100% Drive Screen Test 

Recovery Algorithms in Read/Write Channel 

TEMPEST FE TRAINING 
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• MR Reliability 

Process Control 

Nominal Current Density: 2xlOA7 A/cmA2 

Stripe Height Control --Dynamic Bow Compensation during Lapping (MP) 

Long Term and Accelerated Correlation and Enforcement of Accelerated Tests 

Quantum reliability tests of Tempest heads from all the vendors have been 

finished. The fallowing specifications are going to be enforced on head 

suppliers. 

1 Accelerated Reliability Test 

2. Temperature Rise vs. Bias Current 

3. Head/Media Breakdown Voltage Spec. 

• ESD 

ESD Precautions at Head Manufacture 
ESD Protections at MKE Assembly 

TEMPEST FE TRAINING 



Tempest P2 Head/Media Mean Parametrics 

Fuji-M Faji-Y MCMM MCCN AKCL Showa StorM 
HFTAA_{mV} 99.5 102 94.8 93.9 102 101 108 
Asy_mme~_ryf <+20%1 0.0 -1.1 -0.7 -0.7 -0.4 -0.7 -0.2 
IACSN_[dB} 21.9 21.6 21.0 21.0 21.0 21. I 21.5 
Pos. PW50/T 1.81 1.80 1.76 1.77 1.83 . 1.79 1.75 
Neg. PW50/T 1.81 1.79 1.75 1.76 1.83 1.77 1.76 
OW @MD{>30dB_l 36.5 35.7 35.9 35.8 32.6 35.3 34.8 
NLTS@OD _(<25%1 16. I 14.7 14.9 15.2 17.6 14.0 15.5 
Resolution {>70%1 81.3 81.7 82.3 81.9 81.0 82.2 82.7 
Pos. Mod. _(o/~ 6.0 6.4 7.1 7.0 5.6 5.7 5.8 
Neg. Mod._{%} -6.1 -6.4 -7.1 -6.9 -6.2 -5.7 -6.3 
cov _{<2.5%) 1.1 LI I. I I. I 1.0 I. I I. I 
Microlog @ MD fustefil -180 -198 -139 -I83 -207 -216 -211 
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Group 
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IQR 
#Pis 
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Head Vendor 

RHG 

TDK 

ALPS 

Yamaha 

Read-Rite 

V. PP2 Supplier Issues 

i.Head Supplier Status 
Technical Issues Improvement Plan 

1. T AA Distribution 
Stripe Height Control 

2. Head Yield Improvement 

1. css 
2. Stripe Height Control 

1. Escape of Unstable Head 

2. NLTS 

1. Read Track Width 

1. Minimum flying height 
2. Head Yield Improvement 

Dynamic Bow­
Compensation (MP) 
Process Control 

ABS Lapping process control 
DBC (MP) 

Process Improvement 
and tighter screening 
Yoke structure 

Add a screening process 

increase the average flying height 

TEMPEST FE TRAINING 


