


















































































LIGHTNING POWER UP SEQUENCE 

Initialization: 

• Set up vector table at OOh 

• Initialize SP to top of stack 

• Set up interrupt priorities 
- Spindle Interrupt 

- Servo Interrupt 
- Timer O 
- Host Reset 
- Host Interface 

• Set up controller ports 

5/13/94 L. Sauer 1 



LIGHTNING POWER UP SEQUENCE 

Initialization (cont.): 

• Initialize read channel chip power control registers 
• Initialize idle call vector 
• Reset sequencer 
• Initialize sequencer 
• Initialize cache table 
• Copy ROM default config pages to RAM 
• Initialize config parameters 

5/13/94 L. Sauer 3 



LIGHTNING POWER UP SEQUENCE 

Initialization (cont.): 

AT 

• Turn on Command History (if not already disabled) 
• Initialize all salty parameters 

- Wait for POR to deassert 
- Read drive select jumper (M/S) 
- Set up drive address (Primary/Seconadary) 
- Set error register = 1 
- Put salty into Auto-Write mode 

5/13/94 L. Sauer 5 



LIGHTNING POWER UP SEQUENCE 

Spin Up Setup (cont.): 
~-

• Initialize HOA related flags 
• Clear Up to Speed (not spun up) 
• Sets Spun Down 
• Sets Parked 
• Enable Read-On-Arrival 

• Enable dithering of VCM on spin up 
• Set up servo interrupts 

5113194 L.Sauer 7 



LIGHTNING POWER UP SEQUENCE 

Spin Up Setup (cont.): 

• Initialize variables for cold recal 
• Disable servo interrupts 
• Turn actuator off (VCM) 
• Set up notch filter control registers 

5/13/94 L. Sauer 9 



LIGHTNING POWER UP SEQUENCE 

Spin Up(cont.): 

• Perform buffer RAM test 
• Testsequencer 
• Monitor spindle ready 
• Unpark Actuator 

- Start to move VCM toward ID with open loop current 
- Find SAMs (data zone) by sequencing through heads 

(continuing to move toward ID) 

• Determine number of good heads 

5/13/94 L.Sauer 11 



LIGHTNING POWER UP SEQUENCE 

Calibration (cont.): 

• Perform Once Around calibration 
• Perform Fine PES gain calibration 
• Perform Nulli calibration 
• Perform V_SCALE adaption 
• Perform Servo Loop gain calibration 
• Check if Rezero required 

5/13/94 L. Sauer 13 
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HDA: 

PCB: 

•HEADS 
•DISK(S) 
•PRE-AMP 
•SPINDLE MOTOR 
•VOICE COIL MOTOR 

•MICROPROCESSOR 
•INTERFACE IC 
•SPINDLE MOTOR DRIVER 
•VOICE COIL MOTOR DRIVER 
•READ/WRITE CHANNEL IC 



HDA 

LINEAR 
DATA 

WRITE 
I DATA 

HEAD 
I SELECT 

I PCB BLOCK DIAGRAM I 

ON/OFF 

ANALOG CONTROL 

ADDRESS, 
DATA&CNTR 

PWM 

DISK 
DATA 
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•MICRO PROCESSOR 

•INTERFACE ASIC 

•128KDRAM 

•SINGLE CHIP READ/WRITE CHANNEL 

•VOICE COIL MOTOR DRIVER 

•SPINDLE MOTOR DRIVER 

•HEAD PRE-AMP 

•LBA MODE ASSIST IC 



. •16 BIT, 32 MHz NEC 78352 

•32K BYTES MASK ROM 

•32 K BYTES FROM BUFFER 



•SERVO LOGIC & ADC 

•READ/WRITE SUPPORT 

•20 MB/S, 16 BIT DRAM CONTROLLER 

•13 MB/S ATA OR 10 MB/S SCSI INTERFACE 



•HITACHI HD 153030RF - 50 Mb/S 
•AOC 
•FILTER 
•PLL & READ PULSE GENERATOR 
•WRITE CLOCK GENERA TOR 
•WRITE PRE-COMP 
•SERVO BURST SAMPLE AND HOLD 



PRE-AMP AGC PULSE EQUALIZER DIFF COMP PULSE GATE 

~ ""'-2 1--i v ;' 

~l 
~· 

~ 
----

-. 

AGCCNTR 
... 
.... ... 

2 LEVEL SLICE 
... - ... -

XTAL l/M PLL 
r--1 -... 

1---1 - ... - DATA - ... --H STAND 

MUX PLL 

lo--- 1----1 

l/N 

READ CHANNEL IC 



3.2 Track Format 

Wedge (70 per Revolution) 

WedJe (70- x's per rev) 

Ser..o 
Bll'st 

Data Seg. #1 

ID & ~gg~ Field 

192.06 µs 

Data Seg. 12 

Section 3 Tr«ek 5.pecillcatfon1 

Data Seg. 13 

Figure 3·1. Track Wedge Format. 

Servo Burst (12.40 s) 

12 . .tO us .... ·-- -
12 Bit Grey Code 

2.70 us 

Pre-Burst AGC s yn ctd hd' ex A Burst t Burst 

Gap 
1.35 us 

2.70 us 450ns 22Sns 
AM 

1.05us 1.0Sus 
DC B Burst 

925 ns Erase 1.05ua 
225 ns 

Figure 3·2. Servo Burst Format. 

Ovantum Proprietary 2115194 

Post Burst 
Gap 

675 ns 

10 



ID Fleld (26 Bytes) 

AuCfNlggle 
Gap 3 Bytes 

ID Sync 
9 Bytes 

26 Bytes 

IDAM 
2 Bytes 

10 Data 
& Bytes 

10 CRC 10 Pad 
J Bytes 3 Bytes 

Figure 3·3. ID & Wlggle Fleld Format. 

Data Segment (546 Bytes) 

.. <= s.-s Bytes 

Date 

Oat1 
<= 512 Bytes 

Sync AM Data Data 

15 Bytes 2 Bytes ECC Pad 
14 Bytes 3 Bytes 

Figure 3-4. Data Segment Format. 

I I 
Ouantum Proprietary 211 ~ 



Zone Bit Recording 

- Number of zones: 16 

- RLL 1, 7 code 

- Recording frequency: 

Highest Data Rate: 

Lowest Data Rate: 

- Track Per Inch (TPI): 

Thunderbolt 

46.20 Mb/S 

23.33 Mb/S 

2875 

Lightning 

47.2 Mb/S 

24.73 Mb/S 

3794 

3 



l~-732 Track Layout --- 2 disk Lit"'lning 
16 zones - ID after Wedge 

Last Rev: 2115193 l Bytes I usec SrvFq 40 MHz 

Req Cap 732.0003 Mil Bytes ID Sync 9 Srv Clk 25 nSec 

Spare 2 per cyl IDAM 2 SrvT 2.025 usec (Pre & Post gaps) 

Surfaces 4 ID Data 6 Srv N 415 Clocks (Total of fields other than gaps) 

Rod 1.7992" IDCRC 3 Nservos 70 samples 

Rid 0.8310 .. ID Pad 3 Tservo 12.4 uSec (Includes pre & post gaps) 

Stroke 0.9682 .. Total 23 Tdata 178.000 usec 

RPM 4501.80 rpm 

Trot 13328.000 uSec Data bytes 512 Servo sample freq = 5252.1 Hz SrvOH 6.51% 

Frot 75.0300 Hz Data Sync 15 Wedge-to-Wedge time = 190.400 µs FmtOH 10.02% 

TPI 3794 DataAM 2 

Tot. tracks 3673 Data ECC 14 Pre& Po AGC Servo Gray cod DC Bursts 

Trks/zone Data Pad 3 Gaps Time Sync SAM Index (12 bits) Erase (each) 

max. FCI 47636 Tot. bytes 546 µs 2.025 2.7 0.45 0.925 0.225 2.7 0.225 1.05 

% of req. 100.36% Splitovhd 20 Clks 81 108 18 37 9 108 9 42 

Total Cap 734.6278 Mil bytes AGCNi/lg 3 0.97 

User sector 1434820 max. Total Sevo Burst length= 12.400 µs = 496 T 

Zone Zone Rod Zone Rid Cyls Max. Data Rat Fclk Fmax Twin do ID time Sect. time jsecUburs Time left Preamble plit Seel Total Sect Zone Cap 

FC/in. (Mb/s) (MHz) [MHz) (nS) [µs) (µs) w/o split [µs) & AM [µs) (Incl. spares per surface 

OD 1.7992 

~em 1.7992 1.7952 15 32915 37.14 55.7 13.9 8.97 4.95 117.60 1 54.800 4.31 30 100 764160 

1 1.7952 1.6687 480 45035 47.24 70.9 17.7 7.06 3.90 92.47 1 81.129 3.39 58 128 31334400 

2 1.6687 1.5986 266 45601 45.82 68.7 17.2 7.27 4.02 95.33 1 78.134 3.49 54 124 16819712 

3 1.5986 1.5306 258 45931 44.19 66.3 16.6 7.54 4.16 98.84 1 74.448 3.62 50 120 15785472 

4 1.5306 1.4708 227 45501 42.07 63.1 15.8 7.92 4.37 103.84 1 69.218 3.80 44 114 13191424 

5 1.4708 1.4065 244 45676 40.38 60.6 15.1 8.25 4.56 108.17 1 64.679 3.96 39 109 13554688 

6 1.4065 1.3543 198 45646 38.86 58.3 14.6 8.58 4.74 112.41 1 60.235 4.12 34 104 10492416 

7 1.3543 1.2918 237 45329 36.81 55.2 13.8 9.06 5.00 118.67 1 53.678 4.35 29 99 11952384 

8 1.2918 1.2259 250 45138 34.78 52.2 13.0 9.58 5.29 125.58 1 46.440 4.60 23 93 11840000 

9 1.2259 1.1690 216 45623 33.52 50.3 12.6 9.94 5.49 130.30 1 41.500 4.77 19 89 9787392 

10 1.1690 1.1071 235 45986 32.00 48.0 12.0 10.42 5.75 136.50 1 35.000 5.00 15 85 10167040 

11 1.1071 1.0356 271 46817 30.48 45.7 11.4 10.94 6.04 143.33 1 27.850 5.25 11 81 11169536 

12 1.0356 0.9726 239 46690 28.54 42.8 10.7 11.68 6.45 153.02 1 17.689 5.61 5 75 9116416 

13 0.9726 0.9189 204 46821 27.04 40.6 10.1 12.33 6.80 161.53 1 8.783 5.92 1 71 7363584 

14 0.9189 0.8530 250 47636 25.54 38.3 9.6 13.05 7.20 171.03 0 169.856 6.26 66 66 8384000 

15 0.8530 0.8311 83 47347 24.73 37.1 9.3 13.48 7.44 176.60 0 169.591 6.47 64 64 2698496 

ID 0.8310 

S730.XLWJLPS·732 Track Layout 6/3/94 
Total cap = 734.628 Bytes/surface = 183656960 

%ofgoal 100.36% Bytes/disk = 367313920 
(LP R.K. Scott 



[LPS730.XLWJLPS-732 Track Layout 6/3/94 

Zone Boundaries 

Zone Track Numbers 

Zone 

System 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Total cap = 732.082 

% of goal 100.01 % 

Start End 

-15 -1 

0 479 

480 745 

748 1003 

1004 1230 

1231 1474 

1475 1672 

1673 1909 

1910 2159 

2160 2375 

2376 2610 

2611 2881 

2882 3120 

3121 3324 

3325 3574 

3575 3657 

Actual Sectors/Track 

I Total Sect Zone Cap 

(incl. spares per surface 

100 764160 

126 31334400 

124 16819712 

119 15653376 

113 13075200 

106 13429760 

105 10593792 

98 11631040 

93 11840000 

69 9767392 

85 10167040 

80 11030784 

75 9116416 

70 7259136 

66 6364000 

64 2696496 

Bytes/surface = 163020544 

Bytes/disk = 366041086 

R.K. Scott 



48000 

46000 

44000 

42000 

40000 

38000 

36000 

34000 

System 
M Ln 
.q- en 
CO N 
~ M 

2 3 4 5 

LIGHTNING 732 
FCI vs. Zone 

6 7 8 9 

Zone 

D Zone min. FCI m Zone max. FCI 

10 11 12 13 14 15 

6/3194 



* Thin film head. 
* 42 turns min. 
* PWSO < 60nS. 

Head /media 

* Coercivity 1600+/-50 Oe. 
* Flying Height 3.0uIN 

Thunderbolt Lightning 
*Primary Pole width: 6.Sum 5.0um 
* Max FCI: 45906 47347 

2-



Ctt. 
From -1~1~NX~---...-~ .__ _____ ..__. Active Filter 

> )> 
< G') az 
l> .Q 
"'O :x> 
0 "'O 
-- 9. 

::. -1~R-l.;,.;;NY~--+__..__..., ~,,,__...-+--~ Equallzer and low pass filter for COR o1F ou1 .,__ __ __, 

CIT VAGCO---+--_.... 
VREFo--+---__._. 

AGCHOL0<'>---+---~-

~8 AGCINX 
~ AGCINY 

SHQRTO---' 
VSSH o--------' 

VSHu--------' 
VSLQ----------' 

Gate Generator 
(2 Level Slioe) 

VCOMo-----------~------1 

~BA --t-~H~IN~X-Q----------------~--~-----------~ ____ ...J 
~ PHINY 

XPORO 

IOLfimW 

Window 
Ad ust. 

if}: }. }. 

FIS WEDGE 

1--,,..---LC~h~a~rg~e~.___., St 

fWA 
S3 

l---+--..-.t:~!..'.1--1---------...0 OUTO 
__ _.. 8" 

........,;~:..:r--t-----------.-0 OUTI 

RG 

~-----"" SOATA 

RSENA 
Control Registers __ , SCLK 

~J.----------11 .. '\ CLKOUT 

.----::t CU<OUT 

Frequency 
Phase 
Comparator 

CHip 

1----.() I· 7WOOUT 
i.---"" 1·7WOOUT 
M---~EARLY 

Write 
Precomp 

.__ ___ _,""----<) LATE 

------) 1·7WOIN 

(TEST) 



•HITACHI HA13529F 

• 1.2A OUTPUTS 

•INTEGRATED OP AMPS 



•BACK EMF POSITION SENSING 

•AUTO COMMUTATION 

•SELF STARTING 

•2 AMP OUTPUT 



• VTC VM71 OOC 

•2 OR 4 CHANNEL PARTS 

•3 mW SLEEP MODE 

•WRITE CURRENT DISABLE 



•DETECTS COMMAND MODE CHANGES 



•HEADS & MEDIA 

•FORMAT 

•ELECTRONICS 

•ADAPTIVE 



•AREAL DENSITY INCREASED WITH 
1. 2 % INCREASE IN FCI 
2. 32 % INCREASE IN TPI 

•MEDIA UNCHANGED AT 1600 Oe 

•HEADS: 

1. CHANGED TO 50 % SLIDER 

2. 42 TURNS 

3. 3 uIN FL YING HEIGHT 

4. 60 PW50 



•ID AFTER EACH OF 70 SERVO WEDGES PER TRACK 

•16 ZONES - 1.9:1 DATA RATE RATIO 



JHumel 
4-Jun-94 

Lightning Servo Topics 

• Lightning I Thunderbolt Comparison 
- Commonalities 

- Differences 

• Servo - Mechanical System 

•PCB 

• Servo Burst Format 

• Loop Diagrams 

• TMR 

• Seek Performance 

Quantum 
Confidential 



JHumel 
4-Jun-94 

Lightning/Thunderbolt 
Commonalities 

• Embedded Sectored Digital Servo 

• 70 Servo Sectors (Wedges) 

• 4500 RPM 

• 5.25 KHz Sample Rate 

• 8 Bit AID 
• 10 Bit PWM D/A 
• Digital Notch Filter at 2 x 5.25 KHz 

Quantum 
Confidential 



J Humel 
4-Jun-94 

Lightning I (Thunderbolt) 
Differences 

• 3794 / (2875) Tracks per Inch 

• 3658 / (2740) User Data Cylinders 
• 365 I (270) MB per 1 Disk 
• 730 I (540) MB per 2 Disks 

• 6x I (4x) VCM Gain Switch 

• Gain changes per 3794 TPI 

Quantum 
Confidential 
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PWM 
DAC -..... 

Analog ... -Filter 

JHumel 
4-Jun-94 

Servo - Mechanical System 
Spindle w -Driver v :. 
Hitachi JJ. = Data Channel Chip with 

HA13481 l 
... a Embedded Servo Dectection 

Hitachi HD153030 
Retract 
Circuit Peak 

1-- & 
Peak Hold 

VCMDriver D ·" Detector l[PreAmp] Peak Hitachi _:5. - & HA13529 ~ t-
Hold 

Pulse 
Detector 

t-

HI I Lo Gain Micro Processor 
NEC 78352 

Kon I 
ASIC 

16 - Bit Address I Data Bus 

l J J 
10- Bit Sync 

8-Bit 
PWMDAC Sam AID I~ Mux 

Index 
Track ID -Detection ..... 

t 
t 

Qu 
Con 

antum 
fidentlal 



Servo Burst Format 

GAP 

JHumel 
4-Jun-94 

AGC Sync SAM t Track Number 

Index 
Quantum 

Confidential 



JHumel 
4-Jun-94 

Lightning Seek Diagram 

8EEKMODE 

Din 
Eltl1111t1 '----' 

Eltlntltor 

Decoder 

OES_TK 

Quantum 
Confidential 



JHumel 
4.Jun-94 

Lightning Tracking Diagram 

Sitting I TlllClllng 
llod• 

Quantum 
Confidential 
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Lightning Mechanical Review 

Presented to C.Ompaq 6/9/94 



•:• Design Strategy 

•!• Changes from Thunderbolt 

•:• Design Maturity 

[ LIGHTNING MECHANICAL REVIEW FOR COMPAQ ] 6/9/94 
D.Basehott 



•!• Evolution not Revolution 

- Minimum Changes for Minimizing Risk 

• Evolve from a proven platform 
• Change only those items needed for higher TPI and Improved Manufacturability 

- Assuring Quick Time to Market 

• Substantial MKE Robots/fooling in Place 
• Beat the competition to market 

[ LIGHTNING MECHANICAL REVIEW FOR COMPAQ ] 6/9/94 
D.Bas~hore 



•:• Work Closely with Mfg Partner MKE 
- Maximize Yields 

+ Rotor Test Fixture in Place 

+ Assures Quality of Rotor Molding/ Coil Winding 
• Enables Mechanical Resonance Control 

- Minimize Cost 

+ Spindle Bearing Seals Modified 

• Spindle Motor Hub and Stator Processing Changed 
• Cover Plating Process Modified 

• Push Rod Servowriter on Three Shifts 
• One Piece VCM Ma~ets 

LIGHTNING MECHANICAL REVIEW FOR COMPAQ 6/9/94 
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MECHANICAL 
CIFICATIONS 

PARAMETER 

Access Time (ms) 

RPM 

Vibration: 

Non Operating 

Operating 

Shock: 

Non Operating 

THUNDERBOLT 

12.0 

4500 

2.0 G P-P (5-500 Hz.) 

1.0 G P-P (5-300 Hz.) 
.5 G P-P (300-500 Hz.) 

60G,11 ms 

LIGHTNING 

11.0 **** 
4500 

2.0 G P-P (5-500 Hz.) 

1.0 G P-P (5-.300 Hz.) 
.5 G P-P (300-500 Hz.) 

70 G, 11 ms **** 
Operating 6.0 G,11 ms(no soft err) 6.0 G,11 ms(no soft err) 

10 G,11 ms(no hard err) 10 G,11 ms(no harderr) 

18 G, 3 ms (no hard err) 18 G, 3 ms (no hard err) 
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MECHANICAL 
CIFICATIONS 

ACOUSTICS 

Sound Pressure: 
(Distance = 1 Meter) 

Idle (Avg./Max.) 

Seeking (Avg./Max.) 

Sound Power: 

Idle (Avg./Max.) 

Seeking (Avg./Max.) 

THUNDERBOLT 

33 dBA I 36 dBA 

40 dBA/ 42 dBA 

LIGHTNING 

33 dBA I 36 dBA 

40 dBA/ 45 dBA 

40 dBA I 42 dBA 

48 dBA/ 50 dBA 

Note : On Lightning the Max. Condition is Defined as the Mean + 3 Sigma 
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NGES FROM THUNDERBOLT 
chanical Parts 

PART CHANGE MOTIVATION 

•:• Thin Film Heads 50°/o vs 70°/o Slider Disk Space 

•:• Push Rod Seal Push Rod Servowriter Mfg Process 

•:• Clock Head Seal Push Rod Servowriter Mfg Process 

•:• R/W Flex Cable Lower Noise Layout R/W Channel Design 

·:· UL Label Unique Designation Product Identification 
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NGES FROM THUNDERBOLT 
hanical Parts 

PART CHANGE MOTIVATION 

•:• Base Casting Push Rod Servowriter Mfg Process 

•:• Rotor Machining Push Rod Servowriter Mfg Process 

•:• VCM Magnet Two Piece to One Cost Reduction 

•:• Cover Gasket EPDM vs Poron Cost Reduction 

•!• OD Crash Stop Harder & Smaller Disk Space 
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HANICAL DESIGN 
EMBLY 
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NGESFROM 
DERBOLT ...... AfFG 

•:• Base Casting Modified with Slots for Push Rod 
Servowriter 

•:• Rotor Machining Modified for Push Rod 
Servowriter 

•!• HDA is Servowritten with Cover On 

•:• Seals are Applied in Mfg to Cover Slots 

•:• Enables Automated Servowrite Process with no 
Operator Dependency 
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GESFROM 
DERBOLT ...... BASE 

STING 

ADDMONAL SLOT JORSDVOWUJ'U l"OSll ROD 

DASI MQDMCADOU POBPPSB BOP QllYOWBl'J'EB 
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NGESFROM 
DERBOLT --- TRACK 

YOUT 
•:• Track Density Change from 2875tpi to 3794tpi 

•:• OD Crash Stop Smaller for Increased Outer 
Diameter of Data Zone 

- Lightning Outer Radius is 1.804 
- Thunderbolt Outer Radius is 1.786 

·:· OD Crash Stop Material is Harder for Reduced 
Dynamic Compression 

- Lightning - .036 in Compression 
- Thunderbolt - .055 in. Compression 
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NGESFROM 
DERBOLT --- SPINDLE 

TOR 
•:• Spindle NRRO Reduced from 12.0 to 6.0 

Microinches Max - lmprov~d Bearing Quality 

•:• Manufacturing Cost Reductions Implemented 
with no Performance Degradation 

• Spindle Bearing Seals Changed to Shields on One Side 
of Bearing 

• Spindle Motor Hub Processing Changed to Forging vs 
Mac~ning 

• Motor Stator Coating Changed to Plastic to Enable 
Automated Soldering Operations 
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NGESFROM 
DERBOLT--- HEAD 

~CK 
•:•Heads 

- 50°/o Sliders on Modified Type 8 Suspensions -Thunderbolt Uses 
70°/o Sliders 

- Lower Gram Load - 7 Grams vs. 9.5 Grams on Thunderbolt 
- Track Width is 5 microns nominal vs. 6.5 microns on Thunderbolt 

for Accommodation of Higher TPI 
- Nominal Flying Height is Same at 3.0 Microinches 

•:• 540 MB Head Stack Can Be: 
- Built with three heads from the onset 
- Built with four heads and then reclassified into any three good 

heads that meet the test criteria 

•:• Rotor Machining Modified for Push Rod Servowriter · 
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GESFROM 
DERBOLT --- HEAD 

~CK 

•:• ReadjW'rite Flex Assembly Modified to Lower 
Read Channel Noise and Improve Window 
Margins 

- Same Mechanical Outline 

- Minimum Noise Trace Layout 

- Damping Resistor Removed 
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GESFROM 
DERBOLT--- HEAD 

~CK 
HEADS WITH 50% SLIDE~. ~ 

LOW NOISE FLEX CABLE ASSEMBLY 

MODIFICATIONS TO nm ACTUATOR ASSEMBLY 

I LIGHTNING MECHANICAL REVIEW FOR COMPAQ I 



HANICAL DESIGN 
RITY 

•:•No Major Design Issues to be Resolved 

•:• DVT / FMT Testing is Proceeding with No 
Mechanical Related Issues Noted 

•:• TMR Analysis Has Shown Good Design Margins at New Track Density 
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