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NOTICE
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warranty, limitation of liability and patent indemnification provisions reflected in the Silicon
Systems Order Acknowledgement Form only. Silicon Systems, Inc. makes no warranty,
express or implied, statutory or by description regarding the information set forth herein and/
or freedom from patent infringement. Silicon Systems, Inc. reserves the right to discontinue
production, change specifications and prices at any time and without notice.

Applications requiring mechanical and electrical parameters outside of the published
specifications are not recommended without additional review and acceptance by Silicon
Systems, Inc. Silicon Systems, Inc. further assumes no responsibility for the use of any
integrated circuit technology other than integrated circuit technology embodied in a Silicon
Systems, Inc. product. These products are not authorized for use as components in life
support devices or systems. No patents or licenses regarding the integrated circuit technol-
ogy herein are implied unless otherwise stated.

© Copyright 1994 Silicon Systems, Inc. All rights reserved. Product and company names listed are trademarks of their
respective companies.
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Target, Advanced and

Preliminary Information

Inthis data book the following conventions
are used in designating a data sheet
“Target,” “Advanced” or “Preliminary”:

Target Specification—

The target specification is intended as an
initial disclosure of specification goals for
the product. Product is in first stages of
design cycle.

Advance Information-

Indicates a product stillin the design cycle,
undergoing testing processes, and any
specifications are based on design goals
only. Do not use for final design.

Preliminary Data—

Indicates a product not completely re-
leased to production. The specifications
are based on preliminary evaluations and
are not guaranteed. Small quantities are
available, and Silicon Systems should be
consulted for current information.
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Section3. HDD READ/WRITE AMPLIFIERS
32R104C 4-Channel Read/Write DeViCe .........ccceevvrerinenerernncenenes *
32R117/117R/ 2-, 4-, 6-Channel Read/Write Device ........c..ccoevveeeennnnne *
117A/117AR
32R501/501R 4-, 6-, 8-Channel Read/Write Device .. *
32R510A/510AR 2-, 4-, 6-Channel Read/Write Device ........cccceuveveveererneeeenns *
32R511/511R 4-, 6-, 8-Channel, Ferrite Read/Write Device *
32R512/512R 8-, 9-Channel, Thin Film Read/Write Device .... *
32R5121/5121R 14-Channel, Thin Film Read/Write Device......... *
32R516/516R 4-, 6-, 8-Channel, Ferrite/MIG Read/Write Device............... *
32R5161R 10-Channel, Ferrite/ MIG Read/Write Device ... .. *
32R520/520R 4-Channel, Thin Film Read/Write Device... *
32R521/521R/5211 6-Channel, Thin Film Read/Write DeVICe ..........coeeeeirnmsiriiceiiesniiie st *
32R522/522R 4-, 6-Channel, Thin Film Read/Write Device . *
32R524R 8-Channel, Thin Film Read/Write Device..........cceevvvreuvernenenes *
32R525R 4-Channel, Thin Film Read/Write Device..... *
32R527R 8-, 9-Channel, Thin Film Read/Write Device ....... *
32R528R 9-Channel, Thin Film Read/Write Device...... *
32R5281AR 14-Channel, 2-Terminal Read/Write Device . 3-1
NEW 32R1203A/1203/AR 5V, 4-Channel, 3-Terminal Read/Write DevViCe .........cccevveeeecinrerseeeeerierseerseseese s 3-9
32R1510BR MR Head Read/Write Device ....... 3-19
NEW 32R1540R 6-Channel, MR Read/Write DevVice ..........cccccevrcrrecrenernennnne. 3-29
32R2010R 10-, 16-Channel, Thin Film Read/Write Device........... 3-31
NEW 32R2011R 10-Channel, Thin Film Read/Write Device 3-39
32R2020R/21R 5V, 2-, 4-, 10- Channel Read/Write Device.............. 3-49
32R2024R 5V, 4-Channel, Thin Film Read/Write Device et
NEW 32R2025R 5V, 4-Channel, Thin Film Read/Write Device ........... liteieeseiieesiensiesseesassesbsneneesacsasars 3-59
NEW 32R2026R 5V, 4-Channel, Thin Film Read/Write Device ... . 3-67
NEW 32R2028R "5V, 10-Channel, Thin Film Read/Write Device ............ 3-75
32R2030A/2031A 5V, 2-, 4-Channel, Thin Film Read/Write Device .........cccocceeereceirieeninnens 3-83
NEW 32R2041RW 4-, 6-Channel, 2-Terminal Read/Write 3-93
32R2060 5V, 8-Channel, Thin Film Read/Write Device ................ . *
32R2063R/64R/65R 5V, 4-Channel, Thin Film Read/Write Device 3-101
NEW 32R2110R/2111R 18-, 24-Channel, Thin Film Read/Write Device................ . 3-113
32R2200R/2201R 5V, 4-Channel, Thin Film Read/Write Device ........... 3-115
322300/2300R/ 3.3V/5.0V, 2-, 4-Channel, 2-Terminal Read/Write Device ...... 3-127
2301/2301R
32R2310/2310R 3.3V/5.0V, 2-, 4-Channel, 2-Terminal Read/Write Device *
NEW 32R2320/21/22/ 3V, 5V, 4-Channel, 2-Terminal Read/Write Device......... 3-135
23/24
NEW 32R2420 5V, 4-Channel, 2-Terminal Read/Write DeViICe .........cccceveeeriiiiiiininiircrsne e 3-147
32R4610A/4611A/ 5V, 2-, 4-, 8-Channel, Thin Film Read/Write Device............... *
4610B

* Data Sheet available upon request. v



Section4. DISCRETE CHANNEL

32D5321
32D5322
32D534A
32D535
32D5351A
32D5362A
32D5371/72/73/74
32D539
32D5391
32D5392
32D5393
NEW 32D5396/96A
32D4660
32D4661/4662
NEW 32D4663
32D4664
32D4665
32D4666
NEW 32D4680
32P541
32P541B
NEW 32P541C
32P544
32P547
32P5491
32P3000
32P3001
32P3011
32P3013
32P3015/3016
32P3030
NEW 32P3031
32P3040
NEW 32P3041

Data Synchronizer/2, 7 RLL ENDEC

Data Synchronizer, 2, 7 RLL ENDEC

Data Synchronizer/MFM ENDEC

Data Synchronizer, 2, 7 RLL ENDEC/Write Precompensation
Data Synchronizer, 2, 7 RLL ENDEC/Write Precompensation

Data Synchronizer,1, 7 RLL ENDEC/Write Precompensation

Data Synchronizer, 1, 7 RLL ENDEC /MWrite Precompensation

Data Synchronizer, 1, 7 RLL ENDEC, 8-Bit NRZ

Data Synchronizer, 1, 7 ENDEC, Serial NRZ
Data Synchronizer, 1, 7 ENDEC, Dual-Bit NRZ

Data Synchronizer, 1, 7 ENDEC, Window Shift, Write Precomp

Time Base Generator

Time Base Generator

Time Base Generator

Time Base Generator

Time Base Generator

L R e T O S S S Y

Time Base Generator

Time Base Generator

Read Data Processor

Read Data Processor

Pulse Detector

High Performance Pulse Detector

Pulse Detector

Pulse Detector and Servo Demodulator

Section5. PROGRAMMABLE ELECTRONIC FILTERS

32F8001
32F8002/8003
32F8011/8012
32F8020/8022
32F8020A/8022A/
8021/8023
32F8030
32F8101/8102/
8103/8104
32F8120
32F8130/8131
NEW 32F8144

Programmable Electronic Filter

Programmable Electronic Filter

Programmable Electronic Filter

Section 6. READ CHANNEL COMBINATION DEVICES

32P548
32P5482
NEW  32P4331
NEW  32P4340/M1
32P4720A
32P4722
32P4731/41
NEW  32Pa742142M
46/46A
NEW  32P4782
NEW  32P4901

Read Channel Device

Read Channel Device

Pulse Detector & Data Separator

Pulse Detector & Data Separator

80 Mbit/s Read Channel Device

Data Synchronizer, 1, 7 RLL ENDEC, Window Shift, Write Precomp .......cccceuveiinneiernnces 4-
4-21
4-31
4-35
Read Data Processor and Servo Demodulator *
Pulse Detector with Programmable Filter *
Pulse Detector with Programmable Filter *
Pulse Detector with Programmable Filter *
Pulse Detector with Programmable Filter 4-47
Pulse Detector with Programmable Filter 4-59
Pulse Detector and Servo Demodulator *
Pulse Detector with Programmable Filter 4-75
Pulse Detector with Programmable Filter 4-85
Low-Power Programmable Electronic Filter 5-1
Low-Power Programmable Electronic Filter 5-13
5-23
Low-Power Programmable Electronic Filter 5-35
5-47
Low-Power Programmble Electronic Filter 5-57
Low-Power Programmable Electronic Filter 5-69
Low-Power Programmable Electronic Filter 5-77
Low-Power Programmable Electronic Filter 5-85
Pulse Detector and Data Synchronizer Combination Device .. *
Low Power Pulse Detector and Data Synchronizer *
6-1
Read Channel with 1,7 ENDEC, 4-Burst Servo *
Read Channel with 1,7 ENDEC, 4-Burst Servo 6-5
6-67
6-73

PRML Read Channel with PR4, 8/9 ENDEC, FWR Servo

* Data Sheet available upon request. Y



Section 7.

NEW

NEW

NEW
NEW
NEW
NEW
NEW
NEW

Section 8.

Section 9.

NEW

NEW

NEW
NEW

Section 10.

NEW
NEW
NEW

NEW
NEW

Section 11.

Section 12.
Section 13.

HDD HEAD POSITIONING

32H569 Servo Motor Driver .................... 71
32H4633 Hybrid Servo & Spindle Motor Controller 717
32H6110 Differential Amplifier ...7-59
32H6210 Servo Demodulator . 7-63
32H6215 Servo Demodulator . 7-79
32H6220 Srv0 CONMrOIIEN ..ot *
32H6230 Servo Motor Driver e 7-85
32H6231 Servo Motor Driver 7-99
32H6240 Servo Motor DIVET ..o 7-113
32H6510 5V Servo Motor Driver.. 3 7-123
32H6520 Embedded Servo Controller ........ccccvvceienreernseenescesaenns 7-129
32H6521 Embedded Servo CONrOllEN .........cceveiireiiierircrectiecrt et ce e st es s se s nne 7-149
32H6810A/6810B 5V Servo & Motor Speed Drivers ........ . 7-165
32H6811/6811B Servo Motor Speed 5V Driver/DAC . 7-179
32H6812 Servo & Spindle Driver With Shock Detection ......... 7-195
32H6814 Servo & Spindle Motor Speed Controller 7-213
32H6820 Servo & Spindle Predriver s . 7-229
32H6825 Servo & Spindle Predriver ... e 7-249
32H6830 ServODSP ..ot 7-263
HDD SPINDLE MOTOR CONTROL

32M593A Three-Phase Delta 5-1/4" Winchester Motor Speed Controller *
32M594 Three-Phase Delta Motor Speed Controller............co.cciiniiinniniiinici e *
32M595 Hall Sensorless Motor Speed Controller ..........cceueun... *
32M7010 Hall Sensorless Motor Speed Driver/Controller ... 1
32M7011 Hall Sensorless Motor Speed Driver/Controller ........... 9
HDD CONTROLLER/INTERFACE

32C9001 PC/AT Combo Controller, 48 Mbit/s

32C9003 PC/AT Combo Controller, 48 Mbit/s; 72 Mbit/s; Dual-Bit NRZ Interface

32C9020 SCSI Combo Controller, 48 Mbit/s, Single-Bit NRZ Interface

32C9022 SCSI Combo Controller, 48 Mbit/s, Dual-Bit NRZ

32C9023 SCSI Combo Controller, 72 Mbit/s; Dual-Bit NRZ Interface

32C9024 SCSI Combo Controller, 80 Mbit/s; Dual-Bit NRZ Interface....................

32C9301 PC/AT Combo Controller with Reed Solomon, 3V Operation

32C9302 PC/AT Combo Controller with Reed Solomon, 3V Operation

32C9340 PCMCIA Combo Controller with Reed Solomon, 32/48 Mbit/s

32C9600 ATA-Z Storage Controller; 160-Mbit/s, 8-bit NRZ Interface ...........ccocoveviiveniiiecrnnencnnee
32C9800 SCSI-3 Storage Controler; 160-Mbit/s, 8-bit NRZ Interface.........

OPTICAL/FLOPPY CIRCUITS

33P3700 8-, 48-Mbit/s Magneto Optical Read Channel 10-1
33P3733A 8-, 26.5-Mbit/s Read Channel )

33P3733/34 8-, 26.5-Mbit/s Read Channel .....

34P553/5531 Pulse Detector and Synchronizer.....

34P3200 Pulse Detector & Data Synchronizer for Hig

34P3201 Pulse Detector & Data Synchronizer, 250K to 8.0 Mbit/s ....... 10-109
34R1203R 5V, 2-, 4-Channel, 3-Terminal; Read/Write Device. 10-133

PACKAGING/ORDERING INFORMATION
See Section 11 index on page 11.

SALES OFFICES/DISTRIBUTORS ........ccoooiiiiiiiiiittcee et 12-0

APPLICATION NOTES ... Sussnsenspmesnisasicsasseiane

See Section 13 index on page 13.

* Data Sheet available upon request. Vi
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Discontinued Parts List

The following parts are no longer supplied or supported by Silicon Systems.

32C4650 32H101
32C4651 32H116A
32C9342 32H523AR
32D4010 32H566R
32D4420 32H4631/4632
32F8000 32P3010

32P4620/4622
32P4731
32P5411B
32P546
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32P549

Vil

32P5481
32R1200R
32R1220/21/22
32R2015R
34B580
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34R575



STORAGE PRODUCTS REFERENCE

A

Device Number Head Type Number of Max Input Max Input Read Write Current Power Write Min. Head
Channels Noise Capacitance Gain Range Supplies Data Ports Swing
(nV/VHz) (pF) (typ) (mA) v) (V)
READ/WRITE AMPLIFIERS
SSI32R117/117R 3 Terminal 2,4,6 2.1 20 100 10 to 50 +5,+12 TTL 8.0 (0-pk)
SSI 32R501/501R 3 Terminal 4,6,8 1.5 23 100 10 to 50 +5,+12 TTL 7.5 (0-pk)
SSI 32R510A/510AR 3 Terminal 2,4,6 1.5 20 100 10 to 40 +5,+12 TTL 7.0 (0-pk)
SSI32R511/511R 3 Terminal 4,6,8 1.5 20 100 10 to 40 +5,+12 TTL 7.0 (0-pk)
SSI 32R516 3 Terminal 4,6,8 1.3 18 120 10 to 60 +5,+12 T 7.0 (0-pk)
SSI 32R5161R 3 Terminal 10 1.3 18 150 10 to 60 +5,+12 TTL 7.0 (0-pk)
SSI 32R512/512R 2 Terminal 8,9 0.85 35 150 10 to 40 +5,+12 TTL 7.0 (pk-pk)
SSI 32R5121/5121R 2 Terminal 14 0.85 35 250 10 to 40 +5,+12 L 7.0 (pk-pk)
SSI 32R524R 2 Terminal 8 0.75 60 100 20 to 60 +5,+12 L 7.0 (pk-pk)
SSI 32R528R 2 Terminal 8,9 0.85 35 150 10 to 40 +5,+12 Differential 7.0 (pk-pk)
SSI 32R5281 2 Terminal 14 0.85 35 250 10 to 40 +5,+12 Differential 7.0 (pk-pk)
SSI 32R1510BR MR 8 0.95 18 150 20 to 50 +5,+12 Differential 8.0 (pk-pk)
SSI 32R1530 MR 10 +5, -1
SSI 32R1540 MR 4,6 +5,-4.5
SSI 32R1560 MR 8 +5,-3
SSI 32R2010R/2011R 2 Terminal 10 0.84 26 150 1010 25 +5,+12 Differential 7.0 (pk-pk)
SSI 32R2020R/2021R 2 Terminal 2,4,10 0.8 20 300 51035 +5 T 4.2 (pk-pk)
SSI 32R2024 2 Terminal 4 0.75 22 150, 200, 300 510 40 +5 L 4.2 (pk-pk)
SSI 32R2025 2 Terminal 4 0.75 22 300 51035 +5 TIL 4.2 (pk-pk)
SSI 32R2026 2 Terminal 4 0.75 22 300 51035 +5 L 4.2 (pk-pk)
SSI 32R2030A/2031A 2 Terminal 2,4 0.85 35 250 1010 35 +5 TIL 3.4 (pk-pk)
SSI 32R2041 2 Terminal 4,6 0.8 22 250 10 to 40 5,12 ECL 7.0 (pk-pk)
SSI 32R2060 2 Terminal 8 0.75 22 150 51035 +5 TIL 4.2 (pk-pk)
SSI 32R2063/64/65 2 Terminal 4 0.75 22 150, 200 3o 40 +5 TIL/ECL 4.2 (pk-pk)
SSI 32R2100 2 Terminal 10 0.70 18 250 5t0 40 +5,+12 ECL 10.0 (pk-pk)
SSI 32R2110 2 Terminal 24 0.70 18 250 5to 40 +5,+12 ECL 10.0 (pk-pk)
SSI 32R2112 2 Terminal 20 0.70 18 150 510 40 +5,+12 ECL/TTL 10.0 (pk-pk)
SSI 32R2200/2201 2 Terminal 4,6 0.70 18 250 31035 +5 ECL/TTL 6.0 (pk-pk)
SSI 32R2300/2300R/2310 2 Terminal 4 0.75 20 200 31025 +3.3/+5 TIL 3.4 (pk-pk)
SSI 32R2320R/2420R 2 Termianl 24 0.75 20 200 31035 +3.3/+5 ECL/TTL 3.4 (pk-pk)
SSI 32R4610A/4611A 2 Terminal 2,4,8 0.85 35 200 10t0 35 +5 TTL 3.4 (pk-pk)
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STORAGE PRODUCTS REFERENCE

Device Number

Circuit Function

I Features

DISCRETE CHANNEL

SSI32D5321

SS1 3205322

SSI 32D534A

SS1 32D5351A

SSI 32D5362A

SS1 32D5371/2
SSI 32D5373/4
SSI 32D539

SSI 32D5391/2/3
SSI 32D4660/1/2/3/4/5/6
SSI 32D4480

SSI 32P541

SSI 32P541B

SSI 32P541C

SSI 32P544

SSI 32P547

SSI 32P5491

SSI 32P3000/3001
SSI132P3013
SS132P3015/3016
SSI 32P3030/31
SSI 32P3040/41

Data Separator
Data Separator
Data Separator
Data Separator

Data Separator
Data Separator

Data Separator -
Data Separator
Data Separator

Time Base Generator
Time Base Generator
Read Data Processor
Read Data Processor
Read Data Processor
Pulse Detector

Pulse Detector

Read Data Processor

Data Synchronizer / 2, 7 RLL ENDEC 7.5 to 10 Mbit/s

Data Synchronizer / 2, 7 RLL ENDEC 7.5 to 13 Mbit/s

Data Synchronizer / MFM ENDEC / Write Precompensation

Data Synchronizer / 2, 7 RLL ENDEC / Write Precompensation 8 to 18 Mbit/s
Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensation 10 to 20 Mbit/s
Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensation 12 to 24 Mbit/s
Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensdiion 15 to 32 Mbit/s
Data Synchronizer / 1, 7 RLL ENDEC / 8-bit parallel NRZ 24 to 48 Mbit/s
Data Synchronizer / 1, 7 RLL ENDEC / Serial NRZ 24 to 40 Mbit/s

Up to 100 MHz Reference Frequency PLC for Constant Density Recording

Up to 120 MHz, 1% Frequency Resolution

AGC, Amplitude & Time Pulse Qualification, RLL Compatible

32P541 pin compatible, 32P541A w/ Increased Data Rate to 24 Mbit/s
32P541 pin compatible, 32P541A w/ Increased Data Rate to 24 Mbit/s
32P541-type Pulse Detector w/ Embedded Servo Electronics

32P544-type Pulse Detector w/ Filter Multiplexer, Pulse Slimming Support
32P549 pin compatible, 5 mW Idle Mode power, Pd = 170 mW

64 Mbit/s Pulse Defector w/9-27 MHz Bessel filter (3000), 8-24 MHz filter (3001), +5V only

48 Mbit/s Pulse Detector w/9-27 MHz Bessel filter, 4-burst servo capture

64 Mbit/s Pulse Defector w/9-27 MHz Bessel filter, 4-burst servo capture, adjustable RD pulse width
Pulse Detector w/2-burst servo demodulator, +5V only

24-32 Mbit/s Pulse Detector w/2.5-13 MHz Bessel filter, +5V only

Pulse Detector / Programmable Filter
Pulse Detector / Programmable Filter
Pulse Detector / Programmable Filter
Pulse Detector / Servo Demodulator

Pulse Detector / Programmable Filter

READ CHANNEL COMBINATION DEVICES

SSI 32P548

SSI 32P5482

SSI 32P4740/41
SSI 32P4742/42A
SSI 32P4746/46A
SSI 32P4901

Pulse Detector / Data Synchronizer
Pulse Detector / Data Synchronizer

32P544-type w/ 2, 7 Synchronizer, Low Power, +5V only, <700 mW
Low power 32P548-type device (350 mW), no Write Precompensation

Complete Read Channel 4730 with 14 to 40 Mbit/s operation, A-B/C-D Servo
Complete Read Channel 4731 with 16 to 48 Mbit/s, Dual-bit NRZ, A-B/C-D Servo
Complete Read Channel 4730 with 16 to 48 Mbit/s, Dual-bit NRZ

PR4, ML Read Channel Parital Response, Maximum Likelihood channel, 24 to 72 Mbit/s, Dual-bit NRZ

PROGRAMMABLE FILTERS

SSI 32F8001/8002
SSI 32F8003
SSI 32F8011/8012
SSI 32F8020/8022
SSI 32F8030
SSI 32F8101
SSI 32F8102
SSI 32F8103
SSI 32F8104

7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 9 - 27 MHz (8001), 6-18 MHz (8002)
7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 5 - 13 MHz

7-Pole Bessel Active Filter, Programmable Cutoff Frequency / Pulse Slimming, (5 - 13 MHz, 8011) {6-15 MHz, 8012)
7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 1.5 - 8 MHz

Low Power Programmable Electronic Filter
Programmable Electronic Filter
Programmable Electronic Filter

Low Power Programmable Electronic Filter
Programmable Electronic Filter 7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 250 kHz - 2.5 MHz
8001 w/Serial Port & DACs, 95 mW

8002 w/Serial Port & DACs, 95 mW

8003 w/Serial Port & DACs, 95 mW

Similar to 8103, Fc range 3-9 MHz

Low Power Digitally Programmable Filter
Low Power Digitally Programmable Filter
Low Power Digitally Programmable Filter

Low Power Digitally Programmable Filter




STORAGE PRODUCTS REFERENCE

Device Number

Circuit Function

Features

PROGRAMMABLE FILTERS (continued)

SSI 32F8120 Low Power Digitally Programmable Filter 32F8020 with serial port and DACs

SSI 32F8130/31 Low Power Digitally Programmable Filter 32F8030 with serial port and DACs / 32F8131 = 150 kHz < fc < 1.5 MHz

SSI 32F8144 Low Power Digitally Programmable Filter 2 zero/7-pole linear phase filter, 7-bit serial shift register, 7-27 MHz
HEAD POSITIONING

SSI 32H569 Servo Motor Driver Head parking, spindle motor braking

SSI 32H4633 Combo Servo & Motor Speed Control Embedded & hybrid servo, Hall sensorless motor speed control, 5400 RPM

SSI32H6110 Preamplifier -Thin Film head AV = 250 or 300, BW = 20 MHz, e, = 0.85 nV/VHz

SS1 32H6210 Servo Demodulator Di-bit quadrature servo pattern; PLL synchronization AGC adjustment

SSI 32H6215 Servo 5V Demodulator 5V, 500 kHz frame rate dedicated servo demodulator

SSI 32H6220 Servo Controller Track & seek mode operation; microprocessor interface

SSI 32H6230/31 Servo Motor Driver Head parking, spindle motor braking, voltage clamp

SSI 32H6240 Servo Motor Driver Predriver for bipolar H-bridge

SSI 32H6510 Servo 5V Driver Low voltage retract, 1Q drivers

SSI 32H6520 Servo Acquisition and D/A 10-bit A/D D/A circuits, DSP inferface

SSI 32H6521 Embedded Servo Controller 10-bit A/D converter, 2.5 ps digital delay, DSP interfaice

SSI 32H6810/6810A/B
SSI 32H6811/11B

SSI 32H6812

SSI 32H6814

SSI 32H6820

SSI 32H6825

S§SI 32H6830

Servo/Spindle 5V Driver
Servo/Spindle 5V Driver
Servo/Spindle 5V Driver
Servo/Spindle 5V Driver
Servo/Spindle 12V Driver
Servo/Spindle 12V Driver
Servo/Spindle DSP Controller

Combo driver supports 5V @ 1.0A, voltage IN

Combo driver supports 5V @ 1.0A, voltage IN, serial port with DACs
10-bit D/A converter, serial DSP interface

10-bit D/A converter, serial DSP interface

Servo head positioning and motor speed control

Window comparator, uncommitted opamp, reduced power dissipation
DSP with 10-bit A/D & dual D/A converters

SPINDLE MOTOR CONTROL

SSI 32M593A
SSI 32M594
§S1 32M595
SSI 32M7010
SSI 32M7011

3-Phase Motor Speed Control
3-Phase Motor Speed Control
3-Phase Sensor-less MSC

Motor Speed Control 5V Driver
Motor Speed Control 5V Commutator

+0.037% speed accuracy; bipolar operation, 5 1/4" drives

+0.037% speed accuracy; bipolar operation, 3 1/2" & 5 1/4" drives -
Hall sensorless; motor speed control

Hall sensorless; commutator digital speed control, 5V 1€ driver

Hall sensorless; commutator, 5V 1Q driver




IX

STORAGE PRODUCTS REFERENCE

Device Number Circuit Function —[ Features
CONTROLLER/INTERFACE

SSI 32C9001 ATA Combo Controller 48 Mbit/s; High Performance ATA Disk Controller

SSI 32C9003 High Perf. ATA Combo Controller 72 Mbit/s; LBA mode; Automated multi commands

SSI 32C9020 High Perf. SCSI Combo Controller 48 Mbit/s; SCSI-2 compatible; Fast SCSI; single ended

SSI 32C9022 Dual-bit High Perf. SCSI Combo Controller Dual-bit NRZ, 48 Mbit/s; SCSI-2 compatible; Fast SCSI

SSI.32C9023 Dual-bit High Perf. SCSI Combo Controller Dual-bit NRZ, 72 Mbit/s; SCSI-2 compatible; Fast SCSI

SSI 32C9024 Dual-bit High Perf. SCSI Combo Controller Dual-bit NRZ, 72 Mbit/s; SCSI-2 compatible; Fast SCSI; Differential

SSI 32C9301 High Perf. ATA Combo Controller (3V, 5V) 32 Mbit/s (3V), 48 Mbit/s (5V); LBA mode support

SSI 32C9302 Dual-bit High Perf. ATA Combo Cont. (3V, 5V) Dual-bit NRZ, 48 Mbit/s; LBA mode support

SSI 32C9340 Dual-bit PCMCIA/ATA Combo Controller (3V, 5V) | Dual-bit NRZ, 48 Mbit/s (3V/5V); 256 byte CIS

SS132C9600 ATA-2 Controller Dual-/8-bit NRZ; 160 Mbit/s; ATA/ATA-2 Compatible; Wide Buffer; Advanced Reed-Solomon ECC

SSI 32C9800 SCSI-3 Controller Dual-/8-bit NRZ; 160 Mbit/s; SCSI -2/SCSI -3 Compatible; Fast and wide; Advanced Reed-Solomon ECC
FLOPPY DISK DRIVES

SSI 34P553/5531 Pulse Detector/Data Synchronizer 0.6 - 1.6 Mbit/s data rate, MFM or 2, 7 RLL code

SSI 34P3200 Pulse Detector/Data Synchronizer 250K - 6 Mbit/s

SSI 34P3201 Pulse Detector/Data Synchronizer 250K - 8 Mbit/s

SSI 34R1203R

5V, 2-, 4-Channel, 3-Terminal R/W

Selectable gain, 250 V/V and 85 V/V

OPTICAL DISK DRIVES

SSI 33P3700
SSI 33P3733/3734
SSI 33P3733A

Magneto Optical Read Channel
Read Channel, No ENDEC
Read Channel, No ENDEC

Pulse detector/filter/time base generator/data synchronizer, 8-48 Mbit/s
Pulse detector/filter/time base generator/data separator, 8 - 26.5 Mbit/s
33P3733 with MO pit qualifier

TAPE DRIVES
SSI 34P553/5531 Pulse Detector/Data Synchronizer 0.6 - 1.6 Mbit/s data rate, MFM or 2, 7 RLL code
SSI 34P3200 Pulse Detector/Data Synchronizer 250K - 6 Mbit/s
SSI 34P3201 Pulse Detector/Data Synchronizer 250K - 8 Mbit/s
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WINCHESTER DISK DRIVE IC PRODUCT FAMILY

1 1
| . i
 READ/WRITE [ DATA RECOVERY
MOTOR SPEED SSI 32P3000 $SI 32D4040/41*
CONTROL [(MSC) 3-TERMINAL  2-TERMINAL Sl 32P3001 SSI 32D4660
& HEAD SSI 32R117 SSI 32R512 SSI 32P3013 551 32D4661
POSITIONING SSI32R117A  SSI 32R5121 S 32P3015 51 32D4662
SSI32R1200  SSI 32R524 SSI 32P3030 SS1 32D4664
MSC SSI 32R501 SSI 32R528 SSI 32P3040/41 SSI 32D4665
SSI 32R510A SSI 32R2010 SSI 32P4720/1* SSI 32D4666
SSI 32M593A SSI 32R511A SSI 32R2020/21 SSI 32P541 SSI 32D5321
SSI 32M594 SSI 32R516 SSI 32R2024 SSI 32P541B SSI 3205322
SSI 32M595 SSI32R5161  SSI 32R2025 SSI 32P544 SSI 32D534A
S 32M7010 SSI32R1220  SSI 32R2026 SSI 32P547 SSI 32D535
SSI 32M7011 SSI 32R2030/31A Combo - SSI 32P548 SSI 32D5351
—_— MR HEAD SSI 32R2041 SSI 32P5482 51 32D5362A
HEAD PREAMP S5l 32R2060 Combo - SSI 32P549/5491 SS| 32D5371
POSITIONING S 32R15108R S5 32R2063/64/65 Combo - SSI 32P4730 Ss1 32D5372
SSI 32R2100° Combo - SSI 32P4741 SS1 3205373
SSI 32H569 SSI 32R2110° Combo - SSI 32P4742 SS| 32D5374
SSI 32H4631 SSI 32R2200/2201* Combo - SSI 32P4744 SSI 32D539
SSI 32H4633* SSI 32R2300/10/20 Combo - SSI 32P4745 SSI 32D5391
SSI 32H6210 SSI 32R5281A Combo - SSI 32P4746° SS| 3205392
SSI 32H6215 Combo - SS| 32P4750* SSI 32D5393
gg: gg:gggg Combo - SSI 32P4752* SS1 32D5396/96A
551 92he20 Combo - SSI 34P553/5531
SSI 32H6510 o
$sl 32H6520 SN —— : "
SSI 32H6521 - U .
s Al . CONTROLLER
MSC & HEAD i
POSITIONING SSI 32F8001 SSI 32C9001
S5l 32H6810A/B SSI 32F8011/12 51 32C9020
SSI 32H6811/B SSI 32F8020/20A SSI 32C9022
Sl 32H6812 SSI 32F8030 SS1.32C9023
$SI 32H6814* SSI 32F8101/2/3/4 51 32C9024
$SI 32H6815* SSI 32F8120 SSI 32€9301
S| 32H6820* SSI 32F8130/31 SSI 32C9302
SSI 32H6825* SSI 32F8144* SS1 32C9340*
SSI 32H6826* SS1 32C9600*
51 32H6830 T i SS1 32C9800"
1 1

pP RAM

* New or In Development
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CUSTOM SOLUTIONS

SILICON SYSTEMS LEADS THE WAY
DEVELOPING MIXED-SIGNAL CUSTOM
PRODUCTS.

This is a story about leadership. Silicon Systems is dedi-
cated to taking the point in the creation of high-performance,
application-specific custom, mixed-signal integrated circuits
(MSICs®).

Such dedication means we bring a lotto the party. Includ-
ing truly innovative analog, digital, and mixed analog/digital
ICs. A full complement of mixed-signal CMOS, BiCMOS and
Bipolar wafer fabrication processes, state-of-the-art automated
design tools, production, assembly, test, and QA capability.

No one’s more experienced

More than 20 years of successful IC design work makes us
the most experienced engineering team in the MSICs field. Add
it all up and you get a company that saves you time and money
while delivering you the most sophisticated mixed-signal cus-
tom ICs you can get.

Faster to market for mixed-signal applications

Whatever your mixed-signal design application, Silicon
Systems gives you a competitive advantage. In communica-
tions, disk drives, other storage products, automotive control
systems, or other analog/digital signal processing applications,
you can depend on our technical know-how to do the job right
and turn your design around faster.

CMOS. Bipolar. BiCMOS. Analog. Digital.
We’ve done it

Ourdesigners are an experienced bunch. They're uniquely
able to take a look at your specific application problem and
move quickly to the right IC solution.

Our team is particularly adept at identifying key issues
such as power, cost and performance trade-offs. So we can
gear our efforts toward delivering you an optimized solution,
manufactured with the appropriate fab process.

CMOS Analog Processing

For analog continuous time, samples data
(switched-capacitor implementation), and
high-current power transistor applications.
Low power, high density capability also
allows inclusion of ROMs, RAMs, and
other analog/digital subsystems.

Complete single-chip 2400 bit/s modem
14.4 kbps modem chip set

Direct-broadcast satellite descrambler
Servo and spindle motor controllers with 1.0
Amp motor interfaces

High-resolution analog data acquisition
Cellular baseband processor

BiCMOS Signal Processing

For high-performance, low noise,
wideband signal acquisition and process-
ing applications. Offers TTL and/or ECL
logic interfaces with high current drive.

Sub 1 nV/AHz HDD R/W amplifiers
AGC, pulse detection amplifiers
High-speed data separators
Wideband transceivers

PLLs (phase locked loops)

Optical signal processing

Digital cellular, PCS IF circuits

Digital CMOS

For ASIC controllers, digital signal
processors, sequencers and data path
applications with on-board ROM, RAM,
and PLA sub-systems. Offers standard
TTL and/or CMOS logic interfaces.

Digital communications LAN devices
Hard disk drive controllers

SCSl interface controllers

UARTs

Digital signal processors for hard
disk servo and telecommunications

1-1



CUSTOM SOLUTIONS

The right mix of analog and digital

Providing total analog/digital systems on a chip allows you
to meet your cost and performance objectives whether you're
designing the next generation of communication, computer
peripheral, or industrial control systems.

We've turned to CMOS to effectively implement low-
power, highly integrated systems solutions for everything from
modems and cellular phones to hard disk drive controllers and
digital signal processors.

We've gone the BICMOS route to meet the high-perfor-
mance needs of products like wideband transceivers, wireless
IF modems, R/W amplifiers, low-noise amplifiers, pulse detec-
tors, high-speed data separators and high-performance, low-
power combo devices.

SOPHISTICATED TOOLS FOR
STRUCTURED CUSTOM DESIGN

Ateach of five design centers capable of worldwide service
— Tustin, San Jose and Nevada City, California; Tokyo and
Singapore — Silicon Systems employs PEGASYS, an internal
design automation system developed from carefully selected
vendor tools and our own proprietary software. Using Mentor
Graphics workstations for both electrical and physical design,
PEGASYS helps create complex designs while significantly
reducing schedules, costs and errors.

By integrating third-party tools and custom software, we're
better able to design and analyze mixed-signal integrated
circuits in all CMOS, Bipolar and BiCMOS technologies. It's an
approach that has given us the edge in mixed-signal design and
helped put Silicon Systems’ customers in a favorable position
in the marketplace.

VHDL Schematic Layout
Database Capture Capture
Design Neted* ICgraph* Chipgraph*
Architect*®
A4
Test Vector . : ( RAM, ROM,
> Logic Schematic Floor Layout g g
Devglopment Synthesis Database Planning Database ] Datapa}h
Environment L Generation
TSSI* *NCR Wisil* Synopsys* ICplan* GDT*
4 )
Test Vector P VHDL Placement &
Database l— Simulation ’ Routing <
. J
¢ Model Technology* Cblocks* Tancell*
Test Vector Fault < &
Conversion q Simulation v ’ Lvs <
TssI Zycad® ICtrace* Dracula® * Product and company
‘ names are trademarks of
4 ) ’ their respective companies
ATE Test Logic I Parasitics
Program P simulation b Extraction | ————
\ J «
QuickSim Il lkos Lsim* ICextract® Dracula®
Mixed-Mode |4 DRC P
> Simulation < <
ATTSIM* Lism* Crules* Dracula®
Circuit < ! 4
Simulation < Compaction <4
Hspice* ICompact*
Switched GDS
Capacitor 4_ L Database
Simulation
Switcap2*® Dracula®

PEGASYS Design System
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CUSTOM SOLUTIONS

Specifically, PEGASYS brings the following to each design:
« Fully integrated design environment

» Methodology for precision circuit design

» Integrated electrical and physical design

» Unique blend of full-custom and automated layout
techniques

» Complete layout verification
» Full mixed-signal parasitic extraction

Our design automation staff integrates the third-party tools
and optimizes their use on the Mentor platform. This framework
can easily accommodate new tools when needed, and it
enables us to support a combination of analog and digital
design techniques in all CMOS, Bipolar and BiCMOS chip
designs. By mixing design methodologies, we can achieve
optimum systems performance, even when schedules are
tight.

Electrical design

A single CAE (computer aided engineering) environment
provides for schematic capture, synthesis, simulation, and fault
grading. We support this software with extensive libraries of
pre-designed cells and components. Highly specialized cells or
components can be designed and enhanced where required.
We simulate each circuit to meet precise performance specifi-
cations using:

» Analog circuit simulation

« Digital logic simulation

» VHDL simulation

» Mixed-mode simulation

- Switched-capacitor filter simulation

» Analog and mixed-mode behavioral simulation

Admittedly, simulation alone is not the key to perfecting
performance. That's why we work aggressively to refine our
understanding of models to make them work with simulation.
Inside our progressive device modeling and characterization
(DMC) laboratory, we develop accurate circuit simulation mod-
els and parameters. The DMC lab provides complete device
model data for our processes using capabilities such as AC
measurement, statistical analysis and worst-case modeling.
Accurate models are a cornerstone of our design-for-quality
approach.

To ensure high quality test vectors, production test vectors
are derived from simulation vectors using the TSSI tools early
in the design process. The industry-standard Zycad fault simu-
lator is then used to determine fault coverage.

Physical design

Our PEGASYS layout system aids the mask designer
through all physical design phases, ensuring consistency
throughout the design cycle. This flexible, fully integrated
environment supports a broad range of layout techniques, from
full-custom to full-automation. Capabilities include:

« Chip floor planning

« Analog device generators

» Schematic driven layout

= On-line point-to-point routing
» Compaction

» Automatic place and route

» Support of custom cells, standard cells, and compiled
blocks in any combination

= Design rule checking (drc)

» Layout-versus-schematic verification (lvs)
« Parasitic extraction/back annotation

« Output in industry standard GDS format

In the first generation Pegasys system, Silicon Systems
pioneered a device-generator based approach to precision
analog layout. In partnership with Mentor Graphics, we have
enhanced this technique for our current system, based on
Mentor Graphics V8 ICstation® tools. ICstation® provides tre-
mendous flexibility, combined with ease of customization, to
fully support analog and mixed-signal designs. A variety of
layout styles and techniques are combined to meet each chip's
specific requirements. Rigorous verification checks ensure the
quality and accuracy of the layout, for both physical and electri-
cal properties. Post-layout simulation uses true parasiticmodel-
ing to handle remaining problems before first silicon fabrication.

STATE OF THE ART CMOS DIGITAL AND
ANALOG PROCESSES

Silicon Systems offers four proven CMOS process technolo-
gies for creating cost effective, highly integrated systems solu-
tions. These processes combine small geometry digital circuit
capability with high performance analog capability. Table 1 sum-
marizes Silicon Systems' CMOS process capabilities.

Our newest CK process is designed to support high
breakdown, high current power FETs, bipolar structure for
specialized analog needs, poly capacitors and resistors, low
noise differential amplifiers and high performance A/D and
D/A converters. It also includes highly optimized and silicon
area efficient digital cells including DSPs, microcontrollers,
sequencers, memory managers and data paths.

The CJ process provides high performance analog and
digital cells and includes the same analog and digital complex
devices in our CK process.

Our CG process supports high-performance analog cir-
cuitry with precision poly-poly capacitors. Complex analog
circuitry includes 1.25 Amp power FETs, 12-bit switched ca-
pacitor analog to digital converters and low distortion opera-
tional amplifiers and filters. Complex digital circuitry includes
DSPs, microcontrollers, sequencers, memory mangers and
data paths.

The CH process also provides high quality, low voltage
coefficient, precision poly-poly capacitors that support high
performance switched-capacitor filtering and data conversion
(A/D and D/A ) circuits.
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BIPOLAR & BICMOS PROCESS
TECHNOLOGIES

Our bipolar MSICs take advantage of two high-perfor-
mance Bipolar processes: BK (for 12V applications) and BN (for
5V applications). The BK analog/digital process achieves its
higher voltage operation and improves lateral PNP transistor
performance by using a lightly-doped epi layer.

In BK we provide deep N+ and P+ enhancement layers to
reduce both collector series and base resistance. Our use of
up-junction isolation gives us a major reduction in device area,
when compared with that of typical junction isolated processes.
Metal-poly capacitors with a nitride dielectric are used for
improving capacitor reliability.

BN. Low-power/ 8 GHz Bipolar at 5 volts

A noteworthy feature of a minimum size BN process
transistoris that it's only about 1/5th the size of a minimum size
BK transistor. Because we employ full oxide isolation in BN, we
can fabricate very fast, very small transistors and reduce
sidewall capacitances. This supports not only high speed, but
low power.

The BN process features high-performance NPN transis-
tors to support mixing high-performance emitter coupled logic
(ECL) with analog circuitry. To provide for strict TTL I/O compat-
ibility, we use superior PtSi Schottky diodes.

The resulting speed and packing density allows you to
effectively implement dense high-performance, low-power
Bipolar analog/digital capability into your system designs.

For a feature-by-feature comparison of Silicon Systems’
BK and BN Bipolar processes, see Table 3.

BICMOS process technologies

Our BiCMOS process portfolio is expanding to support the
evolving demands of the mixed-signal IC market. Now in
production is our BCA process which combines 13 GHz NPNs
with 1.0p CMOS features to support the design of efficient, high
performance, mixed-signal circuits. High bandwidth analog
circuits can be combined with dense digital logic to support the
development of 5V data channels with transfer rates into the
120+ Mbit/s range, while maintaining low power consumption.
The BCA technology has also allowed our designers to develop
3V only circuits to address very low power applications.

Our second generation BICMOS process, BCB, will pro-
vide the next step in performance with a parallel improvement
in circuit density. BCB advances our BICMOS with 0.8 CMOS
feature sizes and improved interconnect capability resulting in
a significant performance step for CMOS logic. This will allow
implementation of mixed-signal circuits that support data trans-
fer rates well beyond 200 Mbit/s, while maintaining very low
power dissipation. The dense digital advantages of BCB will
also expand the possibilities for cost effective customization
and programmability in both 5V and 3V environments.

For a summary of our BICMOS processes see Table 2.
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pe S {BVDSS 1 :
Si-Gate, single metal, 12V 18V 3.6pn 5.8u 6.4 n/a « DDD S/D structure
dual poly, PWell * Poly-poly capacitors

» Low-voltage coefficient
« High Q /Opoly resistors
« Epi substrate option

* Buried well-ring

CG Si-Gate, dual metal, 5V 7v 1.5p 3.0p | 45 6.0p | - DDD S/D structure
dual poly, PWell « Poly-poly capacitors
« Shrinkable to 1.2
CJ Si-Gate, dual metal, 5V A" 1.0p 2.0n 3.0p 3.3u « Ldd S/D structure
dual poly, NWell » Poly-poly capacitors
« Shrinkable to 0.8
CK Si-Gate, dual metal, 5V A% 0.8u 1.6p 2.0p 2.4p * Ldd S/D structure
dual poly, NWell * Poly-poly capacitors
« Shrinkable to 0.5u

TABLE 1: CMOS Process Chart

Bipolar:

« High Performance NPNs
« Polysilicon emitters

« PtSi Schottky Diodes

« Poly resisters

BCB: 5V 8V 0.8u | 1.6p| 2.0uf2.0nf2.4u| 8V 15GHz | 0.8u |+ Gate Oxide Capacitors
« Poly Capacitors

« Sidewall Oxide Isolation
+ Fuses

CMOS:

+ Lightly Doped Drains

TABLE 2: BiCMOS Process Chart

Process | Type

ype oo eature
BK Junction-isolated

« Polysilicon emitters
« Al Schottky diodes
« Nitride capacitors

« lon implanted resistors

« Up/down junction isolation
« Collector/base plugs

BN Oxide-isolated 6V 8 GHz 2.0p 4.5 8.0 | High performance NPNs
« PtSi Schottky diodes

- Nitride capacitors

« lon implanted resistors

« Sidewall oxide isolation
« Collector/base plugs

TABLE 3: Bipolar Process Chart
1-5



CUSTOM SOLUTIONS

A SUPERIOR FINISH FOR CMOS, BIPOLAR
AND BICMOS

You might say this is the payoff window. The benefits of our
process technologies, design tools and our unique custom
approach all come together during wafer fabrication, test and
assembly.

Our two manufacturing centers, located in Tustin and
Santa Cruz, California, can offer specialized capabilities to
match your particular fabrication requirements. Both facilities
provide you with high resolution stepper photolithography tech-
nology, positive resist, dry plasma etch systems, high current
ion implantation and automatic sputtering.

Fabrication sites in both Tustin and Santa Cruz accommodate
4- and 6-inch waferfabrication and Bipolar, CMOS and BiCMOS
processes.

The right package

Silicon Systems offers a wide range of packages to meet
the small footprint requirements of advanced storage and
communication products. We continue to be innovative in
surface mount technology by providing PLCC, SO, VSOP,
VTSOP, QFP, TQFP, VTQFP and UTQFP packages. At our
I1SO 9002-certified Singapore assembly & test facility we have
the full capability to support high quality automated packaging
while also maintaining rapid cycle times.

Promis. Quality through CAM

Process and Management Information System (PROMIS)
underscores our commitment to computer-aided manufactur-
ing (CAM). And to delivering you a superior quality product on
time.

We use PROMIS to facilitate the data required in our
-manufacturing, monitoring and statistical process control (SPC)
systems.

With PROMIS we more effectively manage our inventory,
accurately track wafers in process, and closely monitor the
clean room environment.

PROMIS also assists our SPC efforts, as does our commit-
ment to fully train all of our manufacturing personnel in SPC
basics.

We design for quality

It’s our view that quality: is nothing less than absolute
customer satisfaction. To achieve it, we begin far “upstream” in
the product development process. Our design-for-quality
approach scrutinizes the design itself with statisticaily based
models, comprehensive simulation tools and vigorous design
reviews.

The results of such an effort are IC products that boast
lower defect rates, higher parametric performance and far
fewer redesigns. Moreover, our persistence in improving qual-
ity keeps us focused on finding better and faster ways to satisfy
future customer demands. :

Quality that delivers

With effective systems such as PROMIS and our design-
for-quality approach in place, Silicon Systems is prepared to
deliver you finished products you can really depend on. On
time. And within budget.

For details on how you can take best advantage of Silicon
Systems' custom mixed-signal IC solutions, see your nearest
Silicon Systems representative, or contact us. Silicon Systems, Inc.
14351 Myford Road, Tustin, CA 92680-7022. 714-573-6000.
FAX: (714) 573-6914.

Design Specifications
and Requirements

Initial Design Review

Design Components
« Schematic Capture
« Simulation

« Netlisting

Final Design Review

« Automatic Placing
and Routing or
Hand-Packed Layout

* Automatic Circuit
Trace

Final Layout Review

Test Program Creation
Photomask
Wafer Fab
Prototype

(Assembly, Test, Ship)

Evaluate Prototype

Verify System FunctionH

Final Review ]
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CONTINUOUS IMPROVEMENT
MISSION & OBJECTIVE
STATEMENT

Mission

Be the supplier of choice by exceeding customer expectations
through continuous improvements in our products, systems

and services.

Objectives

Provide world class quality in our products and services
through focus on:

Customer Partnering
Cycle Time Improvement
Process and System Improvements

Develop a culture that ensures the consistent use of continuous
improvement tools and fact based decision methodology by:

Senior Management Leadership
Employee Empowerment
Aggressive Goal Setting and Performance Measurement
Communication and Celebration of Successes

Alan V. King Cheryl A. Stock

President, CEO 2 Vlce Presxdent Corporate R&QA

A TDK Group Company
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Reliability and
Quality Assurance

SECTION 1
1.1 INTRODUCTION

Silicon Systems is committed to the goal of customer satis-
faction through the on-time delivery of defect free products
that meet the customer’s expectations and requirements.
This section outlines Silicon Systems’ ongoing activities for
the control and continual improvement of quality in every
aspect of our organization.

Silicon Systems is diligently working to maintain and improve
its position as a world-class provider of mixed-signal inte-
grated circuits (MSICs®).

We realize and practice the concept that quality and reliability
must be designed and built into our products. In addition,
Silicon Systems utilizes rigid inspections and data analysis to
evaluate the acceptability and variation existing in incoming
materials and performs stringent outgoing quality verifica-
tion. The manufacturing process flow is encompassed by an
effective system of test/inspection checks and in-line moni-
tors which focus on the control and reduction of process
variation. These gates and monitors ensure precise adher-
ence to prescribed standards and procedures.

Silicon Systems also incorporates the use of statistical pro-
cess control techniques into company operations. The con-
trol and reduction of the process variation by the use of
statistical problem solving techniques, analytical controls
and other quantitative methods ensures that Silicon Systems’
products maintain the highest levels of quality and reliability.

Corporate R & QA
Vice President

Our Reliability and Quality Assurance organizations are
committed to working closely with our customers to provide
assistance and a continually improving level of product quality.

1.2 SILICON SYSTEMS’ QUALITY MANDATE:
CONTINUOUS IMPROVEMENT

Continuous improvement is Silicon System’s strategic thrust
for the 1990’s. In order to ensure that all aspects of our
business are encompassed by this mandate, Corporate
Reliability & Quality Assurance has been chartered with the
responsibility for developing, educating and overseeing the
worldwide continuous improvement process. The continu-
ous improvement initiative will lead to developing a new
organizational culture, changing attitudes and stronger own-
ership and accountability for total customer satisfaction.

1.3 CHARACTERISTICS OF SILICON SYSTEMS’
CONTINUOUS IMPROVEMENT PROCESS
« Executive Steering Committee leadership and direc-
tion - defines the right things to do and provides
guidance - the right way to do them.

- Continuousimprovementis measured everywhere and
by everyone. Metrics that reflect pride in accomplish-
ment are celebrated.

» Benchmarking is employed as a method to shorten
learning curves and ensure successful ventures.

+ Quality management and employee empowermentare
encouraged at all levels.

Sr. Executive
Secretary

Sr. Executive
Secretary

I I [

| | l

SPD Corporate Rellabllity Fallure Continuous Configuration
- PQA QA - Engineering Analysls Improvement Document Control
Director Manager Manager Manager Manager Manager

CPD
PQA
Mana

Singapore
- Manufacturing QA
Mana
Santa Cruz
Manufacturing QA
Mana,
Tustin
Manufacturing QA
Mana,

L Singapore | Singapore
Rellability Lab F.A. Lab

_____<_,______
'

P e e mm

FIGURE 1: Organizational Chart
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Reliability and
Quality Assurance

« Supplier partnership is a critical element of our quality
strategy.

This is the essence of Silicon Systems - a total quality
involved company - forward looking and immersed in the goal
of customer satisfaction and best-in-class business pursuits.

1.4 CORPORATE RELIABILITY AND
QUALITY ASSURANCE

It is the objective of the Corporate Reliability and Quality
Assurance organization to ensure that proactive quality
systems are in place to ensure that Silicon Systems’ products
will meet or exceed customer requirements and expecta-
tions. In addition, the Reliability and Quality Assurance
organization works to facilitate the timely implementation of
solutions and monitors the effectiveness of corrective ac-
tions. These organizational strategies support the continuing
enhancement of quality consciousness throughout Silicon
Systems.

1.5 1S0O 9000 CERTIFICATION

Silicon Systems has determined that ISO 9000 certification
is an important strategy for achieving total customer satisfac-
tion. Our Singapore assembly and test operations facility has
been 1SO 9002 certified through SISIR and our domestic
facilities are currently in pursuit of this important industry
standard. We believe strongly that 1ISO 9000 certification
proves that Silicon Systems is doing the right things to do
things right.

SECTION 2: QUALITY ASSURANCE
2.1 QUALITY OBJECTIVES

While all Silicon Systems employees have direct responsibility
for quality in their functions, the Quality Assurance Organiza-
tions have the ultimate responsibility for the reliable perfor-
mance of our products. This is accomplished through the
development, administration and assessment of formal qual-
ity systems which assure Silicon Systems’ management, as
well as our customers, that products will fulfill the require-
ments of customer purchase orders and all other specifica-
tions related to design, raw material and in process through
completion of the finished product.

Corporate Quality Assurance supports, coordinates and ac-
tively participates in the formal qualification of suppliers,
material, processes, and products, and the administration of
quality systems and production monitors to assure that our
products meet Silicon Systems quality standards. Product
Quality Assurance provides the liaison between Silicon Sys-
tems and the customer for all product quality related con-
cerns.
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It is the practice of Silicon Systems to have corporate quality
and reliability objectives encompass all of its activities. This
starts with a strong commitment of support from the corporate
level and continues with exceptional customer support long
after the product has been shipped.

Silicon Systems emphasizes the belief that quality and reli-
ability must be built into all of its products by ensuring that all
employees are educated in the quality philosophy of the
company. Some of the features built into Silicon Systems
quality culture include:

1. Structured training programs directed at wafer fabri-

cation, test, process control personnel and supporting
organizations.

- Team-based problem solving methodologies.
- Corporate-wide training of quality philosophy and
statistical methods.

2. Stringent in-process inspection, gates, and monitors.

3. Rigorous evaluation of designs, materials, and pro-
cessing procedures.

4. Stringentelectricaltesting (100% and QC AQL/Sample
testing).

5. Ongoing reliability monitors and process verifications.

6. Real-time use of statistical process control
methodology.

7. Corporate level audits of manufacturing, subcontrac-
tors, and suppliers.

8. Timely corrective action system.

9. Control of non-conforming material.

These focused quality methods result in products which
deliver superior performance and reliability in the field.

2.2.1 INCOMING INSPECTIONS

Incoming inspection plays a key role in Silicon Systems’
quality efforts. Small variations in incoming material can
traverse the entire production cycle before being detected
much later in the process. By paying strict attention to the
monitoring of materials at the earliest possible stage, varia-
tion can be reduced, resulting in a stable uniform process.

2.2.2 IN-PROCESS INSPECTIONS

Silicon Systems has established key inspection monitors in
such strategic areas as wafer fabrication, wafer probe, as-
sembly, and final test. These quality monitoring tests are
performed in addition to the intermediate and final inspections
found in the manufacturing process.

Quality control monitors have been integrated throughout the
manufacturing flow, so that data may be collected and ana-
lyzed to verify the results of intermediary manufacturing
steps. This data is used to document quality trends or long
term improvements in the quality of specific operations.
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Quality Steering Committee

Abnormality control is being used to enhance the effective-
ness of this process. In process monitors such as oxide
integrity, electromigration immunity and other parameters
monitor long term reliability as well as circuit performance.

2.3 QUALITY STEERING COMMITTEE

The Corporate, Product and Manufacturing Quality Assur-
ance organizations work closely together to provide leader-
ship in the development, integration and assessment of
Silicon Systems’ worldwide quality systems and procedures.

This team approach ensures that policies and procedures are
standardized and facilitates rapid improvement in products,
processes and services.

2.4 DESIGN FOR QUALITY

Since the foundation of a reliable product is rooted in the
design process, the Reliability and Quality Assurance organi-
zations actively participate in comprehensive cross-func-
tional reviews of design stages priorto the product’s transition
to production status. These review stages assure a predict-
able and effective development cycle. Other important de-

sign-related functions include ensuring that process specifi-
cation revisions are translated into updated design param-
eters and the translation of manutacturing process capability
into design guidelines. This is accomplished through the
identification and monitoring of critical process and device
parameters. Wafer level test at the early stages of process
development also plays a critical role. These elements, in-
cluded in Silicon Systems design for quality effort, support the
development of robust design rules which are as insensitive
as possible to inherent manufacturing variation. The result is
a product that delivers predictable and reliable long term
performance.

25 PPM REDUCTION PROGRAM

The primary purpose of a PPM reduction program is to
provide a formalized feedback system in which data from
nonconforming products can be used to improve future
product consistency and reliability. The action portion of this
program is accomplished in three stages:

1. Identification of defects by failure mode.

2. ldentification of defect causes and initiation of corrective
action. :
3. Moeasurement of results and setting of improved goals.

The data summarized from the established PPM program is
compiled as a ratio of units rejected/tested. This ratio is then
expressed in terms of defective parts per million (PPM).
Founded on a statistically valid database of PPM data and an
established five-year strategic plan identifying PPM improve-
ment goals, Silicon Systems has consistently achieved ex-
cellent quality standards and will continue to progressively
improve PPM standards.

2.6 COMPUTER AIDED MANUFACTURING CONTROL

Computer Aided Manufacturing (CAM) is used throughout
Silicon Systems for the identification, control, collection and
dissemination of timely information for logistics control. Sili-
con Systems also uses this type of computerized system for
statistical process control and manufacturing monitoring.
PROMIS, (PROcess Management and Information System),
displays approved/controlled recipes, processes, and proce-
durbs; tracks work-in-process; reports accurate inventory
information; allows continuous recording of facilities data;
contains statistical analysis capabilities; and much more.
PROMIS allows for a paperless facility, a major element in
minimizing contamination of clean room areas.
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TEST CONDITIONS PURPOSE OF EVALUATION
Biased temperature/humidity 85°C/85° J4 RH Resistance to high humidity with bias
Highly accelerated stress test (HAST) JDEC A110 Evaluates package integrity

High temperature operating life (HTOL)

Mil 883D, Method 1005

Resistance to electrical and thermal stress

Early Failure Rate

Mil 8830, Method 1005

Detect infant mortality

Steam pressure

121°C/15PSI

Resistance to high humidity

Temperature cycling

Mil 883D, Method 1010

Resistance to thermal excursion (air)

Thermal shock

Mil 883D, Method 1011

Resistance to thermal excursion (liquid)

Salt atmosphere

Mil 883D, Method 1009

Resistance to corrosive environment

Constant acceleration

Mil 883D, Method 2001

Resistance to constant acceleration

Mechanical shock

Mil 883D, Method 2002

Resistance to mechanical shocks

Solderability

Mil 883D, Method 2003

Evaluates solderability of leads

Lead integrity

Mil 883D, Method 2004

Evaluates lead integrity before board assembly

Vibration, variable frequency

Mil 883D, Method 2007

Resistance to vibration

Thermal resistance

Silicon Systems Method

Evaluates thermal dissipation

Electrostatic damage

Mil 883D, Method 3015

Evaluates ESD susceptability

Latch-up

Silicon Systems Method

Evaluates latch-up susceptibility

Seal fine and gross leak

Mil Std 883D, Method 1014

Evaluates hermeticity of sealed packages

TABLE 1: Reliability Stress Tests

SECTION 3: RELIABILITY
3.1 RELIABILITY PROGRAM
Silicon Systems has defined various programs that will
characterize product reliability levels on a continuous basis.
These programs can be categorically described by:
1. Qualifications
Production monitors
Evaluations
Failure analysis
Wafer level reliability

Data collection and presentation for improvement
projects

LRGBS CS

3.2 QUALIFICATIONS

Extensive qualification testing and data collection ensures
that all new product designs, processes, and packaging
configurations meet the absolute maximum ratings of design
andthe worstcase performance criteriaforend users. Alarge
database generated by means of accelerated stress testing
results in a high degree of confidence in predicting final use
performance. The qualification criteria used are periodically
reviewed to be consistent with Silicon Systems’ increasing
quality and reliability goals in support of our customers.
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3.3 PRODUCTION MONITORS

This program has been established to randomly select a
statistically significant sample of production products for
subjection to maximum stress test levels in order to evaluate
the useful life of the product in a field use environment.

Table 1 lists reliability test methods that are in use at Silicon
Systems. This analysis of production monitor at Silicon
Systems provides valuable information on possible design/
process changes which assure continued improved reliability.
The monitors are periodically reviewed for effectiveness and
improvements.

3.4 EVALUATIONS

The evaluation program at Silicon Systems is an ongoing
effortthat will continue defining standards which address the
reliability assessment of the circuit design, process param-
eters, and package of a new product. This program continu-
ously analyzes updated performance characteristics of prod-
uct as they undergo improvement efforts at Silicon Systems.

3.5 FAILURE ANALYSIS

The failure analysis function is an integral part of the Quality
and Reliability department at Silicon Systems. Silicon Sys-
tems has assembled a highly technical and sophisticated
failure analysis laboratory and staff. This laboratory provides
visual analysis, electrical reject mode analysis, and both
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destructive and non-destructive data to aid the engineers in
developing corrective action for improvement. These test
analyses may include metallurgical, optical, chemical, elec-
trical, SEM with X-ray dispersive analysis, and E-Beam non-
contact analysis as needed.

These conclusive in-house testing and analysis techniques,
are complemented by outside support, such as scanning
acoustic microscopy, focused ion beam, and complete sur-
face and material analysis. This allows Silicon Systems to
monitor all aspects of product manufacturing to ensure that
the product of highest quality is shipped to our customers.

3.6 WAFER LEVEL RELIABILITY PROGRAM

A primary objective at Silicon Systems is to improve the
reliability of our products through characterization of our
manufacturing operations. The identification of specificfailure
mechanisms occuring in the wafer fabrication and assembly
processes is a prerequisite to effective corrective action
aimed at reducing defects and improving quality and reliability.

The primary advantage of wafer level reliability testing is the
speed at which results can be derived, thereby providing
additional response time and an early warning of process
changes. This tool provides Silicon Systems with a very rapid
analysis tool which allows for the early identification of
possible problems and a determination of their origin.

The continuous improvement approach taken at Silicon
Systems uses the wafer level reliability tests as tools to
improve the process, identify potential problems, determine
the sources of any process weakness and eliminate prob-
lems upstream in the process. This results in a focus on
reliability improvement that goes well beyond merely deter-
mining the projected lifetime of a product to a detailed
characterization, measurement and control of the specific
parameters which actuallly determine product lifetime.

3.7 DATA COLLECTION AND PRESENTATION FOR
IMPROVEMENT PROJECTS

Data collected from each element of the Reliability program
is summarized for scope and impact and distributed among
all engineering disciplines in the company. This data facili-
tates improvement and provides our customers an opportu-
nity to review the performance of our product.

3.8 RELIABILITY METHODS

The Reliability Program utilizes a number of stress tests that
are presently being used to define performance levels of our
products. Many of these stress tests are per MIL-STD-883D
as shown in Table 1.

3.9 RELIABILITY PREDICTION METHODOLOGY

At Silicon Systems, the Arrhenius model is used to relate a
failure rate at an accelerated temperature test condition to a
normal use temperature condition.

The model basically states FR = A exp(-Ea/KT)
Where:

FR = Failurerate

A = Constant

Ea = Activation Energy (eV)

K = Boltzmann'’s constant 8.62 x 10 eV/ degree K
T = Absolute temperature (degree K)

SECTION 4: ELECTROSTATIC DISCHARGE
PROGRAM

4.1 ESD PREVENTION

Silicon Systems recognizes that the protection of Electro-
static Discharge (ESD) sensitive devices from damage by
electrical transients and static electricity is vital. ESD safe
procedures are incorporated throughout all operations which
come in contact with these devices. Continuous improve-
ment in the ESD protection levels is being accomplished
through the incorporation of increasingly robust protection
devices during the circuit design process as well as work area
improvements.

Silicon Systems’ quality activity incorporates several protec-
tion measures for the control of ESD. Some of the preventive
measures include handling of parts at static safe-guarded
workstations, the wearing of wrist straps during all handling
operations, the use of conductive lab coats in all test areas
and all areas which handle parts and the packaging of
components in conductive or anti-static containers.
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A TDK Group J Company Read/Write Device

‘I - SSI 32R5281AR
JWJM ® 14-Channel Two-Terminal
Advance Information

July 1992
DESCRIPTION FEATURES
The SSI 32R5281AR Read/Write device is a bipolar ¢ High performance:
monolithic integrated circuit designed for use with two- Read mode gain = 250 V/V
terminal thin-film recording heads. It provides a low Input noise = 0.80 nV/vHz max.
noise read amplifier, write current control and data Input capacitance = 22 pF max.
protection circuitry forupto 14 channels. Power supply Write current range = 10 mA to 40 mA
fault protection is provided by disabling the write cur- Head voltage swing =7 Vpp
rent generator during power sequencing. System write Write current rise time = 9 ns

to read recovery time is significantly improved by * Enhanced system write to read recovery time
controlling.th'e read cpannel common _mode output o pifferential ECL-like Write Data input

voltage shift in the write mode. It requires +5V and .

+12V power supplies and provides internal 700Q © Power supply fault protection

damping resistors. The 32R5281AR offers powerand ¢ Write unsafe detection

performance improvement over 32R5281R. * 45V, +12V power supplies

BLOCK DIAGRAM PIN DIAGRAM
HoxX [] 1 44 [ i3y
Hoy [] 2 43 (] H13X
HIX[] 3 42 [1GND
HiY | 4 41 [1Hs3
Hex [] 6 40 [3TS
HeY [] 39 [JRW
Hax ] 7 38 [Jwe
H3Y [| 8 37 [JRDY
Hax [] 9 36 [] RDX
Hay [] 10 35 []Hso
HsX [| 11 34 [1Hs1
Hsy [] 12 33 [ Hs2
Hex [] 13 32 [Jvce
Hey [| 14 31 [Jwp
H7X [] 16 30 bwrs
H7Y ] 16 29 [Jwus
Hex [] 17 28 []GND
Hey [] 18 27 []1voD
Hox [| 19 26 [] H12Y
Hoy [ 20 25 []H12X
H10X [] 21 24 [JH11Y
Hioy [| 22 23 [JH11X

44-LEAD SOM
CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI1 32R5281AR
14-Channel Two-Terminal
Read/Write Device

CIRCUIT OPERATION

The SSI 32R5281AR addresses up to 14 two-terminal
thin film heads providing write drive or read amplifica-
tion. Head selection and mode controlis accomplished
with pins HSn, CS and R/W, as shown in Tables 1 & 2.
Internal resistor pullups, provided on pins CS and R/W
will force the device into a non-writing condition if either
control line is opened accidentally.

WRITE MODE

The write mode configures the SSI 32R5281AR as a
current switch and activates the Write Unsafe (WUS)
detection circuitry. Write current is toggled between
the X and Y direction of the selected head on each low
to high transition on the WD, Write Data input. (See
figure 1.)

A preceding read operation initializes the Write Data
Flip Flop (WDFF) to pass write current in the X-
direction of the head, i.e., into the X-port of the head.
HnX will be biased higher than HnY.

The magnitude of the write current (0-pk) is given by:
_Vwo
" Rwc
where Vwc (WC pin voltage) = 1.65V + 5%, is pro-
grammed by an external resistor Rwc, connected from
pin WC to ground. In multiple device applications, a
single Rwc resistor may be made common to all de-
vices. The actual head current Ix, y is given by:

I,y =
1+RhRd
where:
Rh = head resistance + external wire resistance, and

Rd = damping resistance.

Power supply fault protection improves data security
by disabling the write current generator during a volt-
age faultor power supply sequencing. Additionally, the
write unsafe detection circuitry will flag any of the
conditions listed below as a high level on the open
collector output pin, WUS. Up to two positive transi-
tions on the WD, Write Data input line, after the fault is
corrected, are required to clear the WUS flag.

« Device in read mode
« No write current

+ WD frequency too low
« Device not selected
» Open head
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READ MODE

The read mode configures the SSI32R5281R as a low
noise differential amplifier and deactivates the write
current generator and write unsafe detection circuitry.
The RDX and RDY outputs are emitter followers and
are in phase with the "X" and "Y" head ports. These
outputs should be AC coupled to the load. The RDX,
RDY common mode voltage is maintained at the write
mode value, minimizing the transient between write
mode and read mode, substantially reducing the write
to read recovery time in the subsequent Pulse Detec-
tion circuitry.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire-OR’ed and the write current
programming resistor to be common to all devices.

TABLE 1: Mode Select

CS RW MODE
0 0 Write
0 1 Read
1 0 Idle
1 1 Idle
TABLE 2: Head Select*

HS3 HS2 HS1 HSO0 HEAD
0 0 ] 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 4] 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 11
1 1 0 0 12
1 1 0 1 13

0 = Low level 1 = High level

*Unused heads should be left open.



SSI 32R5281AR
14-Channel Two-Terminal
Read/Write Device

PIN DESCRIPTION

NAME TYPE DESCRIPTION

HSO - HS3 | Head Select

CS | Chip Select: a low level enables the device

RW | Read/Write: a high level selects Read mode

WUuUS o* Write Unsafe: Open collector output, a high level indicates an unsafe writing
condition

WD, WD [ Differential Write Data inputs: a positive transition on WD toggles the direction
of the head current

HOX - H13X 110 X, Y Head Connections: Current in the X-direction flows into the X-port

HOY - H13Y

RDX, RDY o* X, Y Read Data: differential read data output

WC * Write Current: used to set the magnitude of the write current

VCC - +5V Logic Circuit Supply

VDD - +12V

GND - Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation outside these rating limits may permanently damage the device.
PARAMETER SYMBOL RATING
DC Supply Voltage VDD -0.3t0 +13.5 VDC
VCC -0.3t0 +6 VDC

Write Current Iw 100 mA
Digital Input Voltage Vin -0.3to VCC +0.3 VDC
Head Port Voltage VH -0.3t0 +8 VDC
Differential Port Voltage JHnX - HnY]| AVH 6 VDC
WUS Pin Voltage Range Vwus -0.3to VCC VDC
Output Current RDX, RDY lo -10 mA

wus Iwus +12 mA
Storage Temperature Tstg -65 to +150°C




SSI 32R5281AR

14-Channel Two-Terminal

Read/Write Device

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL RATING

DC Supply Voltage VDD 12+ 10% VDC
VCC - 5+10% VDC

Operating Temperature Tj +25to +135°C

DC CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply.

PARAMETER CONDITIONS MIN | NOM MAX | UNITS

VDD Supply Current Read Mode - 36 TBD mA
Write Mode - 25+Iw| TBD mA
Idle Mode - 3 TBD mA

VCC Supply Current Read Mode - 22 TBD mA
Write Mode - 14 TBD mA
Idle Mode - 10 T8D mA

Power Dissipation (Tj = +135°C) Read Mode - 540 700 mw
Write Mode - | 375+10.351w| 490 +11.6:w| MW
Idle Mode - 85 110 mw

WD, WD Input Low Current (lIL1) VIL1 = VCC -1.625V 80 HA

WD, WD Input High Current (IiH1) VIH1 = VCC -0.72V 100 HA

WD, WD Input Low Voltage (VIL1) VCC VCC vDC

-1.870 -1.625
WD, WD Input High Voltage (VIH1) vCC VCC VvDC
-1.00 -0.720

R/W, CS, HS0-HS3 ViL2 = 0.8V -0.4 mA

Input Low Current (IIL2)

R/W, CS, HS0-HS3 VIH2 = 2.0V 100 pA

Input High Current (1IH2)

R/W, CS, HS0-HS3 08 vDC

Input Low Voltage (VIL2)

R/W, CS, HS0-HS3 2.0 vDC

Input High Voltage (VIH2)

WUS Output Low Voltage (VOL) lol =8 mA - - 0.5 vDC

VDD Fault Voltage 9.0 - 10.3 vDC

VCC Fault Voltage 3.5 - 4.2 vDC

34




SSI 32R5281AR
14-Channel Two-Terminal

Read/Write Device

DC CHARACTERISTICS (continued)
PARAMETER CONDITIONS MIN NOM MAX | UNITS
Head Current (HnX, HnY) Write Mode, -200 - +200 HA

0<VCC <35V

0<VDD<9.0V

Read/ldle Mode, -200 - +200 HA

0<VCC<55V

0<VDD<13.2V

WRITE CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply, w = 20 mA, Lh =500 nH, Rh = 30Q

and (WD) = 5 MHz.

WC Pin Voltage (Vwc) 10<Iw<40 mA 1.57 1.65 1.73 \
Differential Head Voltage Swing 7 - - Vpp
Unselected Head Current - - 1 mA(pk)
Differential Output Capacitance - - 25 pF
Differential Output Resistance 500 700 950 Q
WDI Transition Frequency WUS = low 1.7 - - MHz
WUS = high - - 500 kHz
Write Current Range 10 - 40 mA

READ CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and

RL (RDX,RDY) = 1 kQ.

PARAMETER CONDITIONS MIN |NOM| MAX| UNITS
Differential Voltage Gain Vin=1mVpp @ 300 kHz 210 | 250 | 290 VIV
Bandwidth -1dB | |Zs|<5Q, Vin=1 mVpp 25 | 40 - MHz
-3dB | |Zs|<5%, Vin=1 mVpp 35 55 - MHz
Input Noise Voltage BW =15MHz,Lh=0,Rh=0 - 1057 0.80] nvAHz
Differential Input Capacitance Vin=1mVpp, f=5 MHz - 15 22 pF
Differential Input Resistance Vin =1 mVpp, f =5 MHz 300 | 565 - Q
Dynamic Range Peak-to-peak AC input voltage 2.0 - - mVpp
where gain falls to 90% of its
small signal value, f =5 MHz
Common Mode Rejection Ratio Vem = 100 mVpp AC Coupled @ 5 MHz| 54 - - dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD 54 - - dB
100 mVpp @ 5 MHz on VCC
Channel Separation Unselected channels driven 45 - - dB

with 100 mVpp @ 5 MHz,
Vin = 0 mVpp
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SSI 32R5281AR

14-Channel Two-Terminal

Read/Write Device

READ CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX | UNITS

Output Offset Voltage -400 - +400 mV

RDX, RDY Common Mode Read Mode or Write Mode |Vec -2.5| Vee - 2.1| Vec -1.7| VDC

Output Voltage

Single Ended Output Resistance f=5MHz - - 30 Q

Output Current AC Coupled Load, 3.2 - - mA
RDX to RDY

SWITCHING CHARACTERISTICS (See Figure 1)
Unless otherwise specified, recommended operating conditions apply, Iw =20 mA, Lh =500 nH, Rh = 30Q

and f(WD) = 5 MHz.

PARAMETER | conpiTiONS | min | max | uniTs
R/W
R/W to Write Mode Delay to 90% of write current - 0.6 us
R/W to Read Mode Delay to 90% of 100mV 10MHz - 0.6 us
Read signal envelope or to 90%
decay of write current
cS
CS to Select Delay to 90% of write current or to - 0.6 us
90% of 100mV 10MHz Read
signal envelope
CS to Unselect Delay to 90% of write current - 0.6 us
HSn
HSO, 1, 2, 3 to any Head Delay to 90 % of 100mV 10MHz - 0.4 us
Read signal envelope
WUS
Safe to Unsafe - TD1 0.6 2.0 us
Unsafe to Safe - TD2 - 1 us
Head Current
Prop. Delay - TD3 From 50 % points, Lh=0ph, Rh=0Q - 32 ns
Asymmetry WD has 50 % duty cycle and - 05 ns
1ns rise/fall time, Lh=0ph, Rh=0Q
Rise/Fall Time 10% - 90% points, Lh=0pih, Rh=0Q - 9 ns
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SSI 32R5281AR
14-Channel Two-Terminal
Read/Write Device

TD3
HEAD
CURRENT
(Ix-ly)

l¢—— TD1 —P>

FIGURE 1: Write Mode Timing Diagram

APPLICATIONS INFORMATION

The specifications, provided in the data section, account for the worst case values of each parameter taken
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 &
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the
higher read back signal resulting from the higher input impedance can compensate for the higher input noise.
Accounting for this correlation in your analysis will be more representative of actual performance.

TABLE 3: Key Parameters Under Worst Case Input Noise Conditions

PARAMETER Tj=25°C Tj=135°C UNITS
Input Noise Voltage (Max.) TBD 0.80 nVAHz
Differential Input Resistance (Min.) TBD TBD Q
Differential Input Capacitance (Max.) TBD TBD pF

TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions

PARAMETER Tj = 25°C Tj=135°C UNITS
Input Noise Voltage (Max.) TBD TBD nVAHz
Differential Input Resistance (Min.) TBD TBD Q
Differential Input Capacitance (Max.) TBD TBD pF
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SSI 32R5281AR
14-Channel Two-Terminal
Read/Write Device

PACKAGE PIN DESIGNATIONS

THERMAL CHARACTERISTICS: 9ja

(Top View)
44-Lead SOM 40°C/W

Hox [ 1 44 [] H13Y
Hovy [] 2 43 [ H13X
HIX [] 8 42 []GND
H1Y [] 4 41 [] HS3
HeX [| 5 40 []TS

Ha2Y l; 6 39 []RW
Hax ] 7 38 [JweC

H3Y [| 8 37 [1RDY
Hax [] 9 36 [] RDX
Hay [] 10 35 []HSO
Hsx [] 11 3 []Hs1

Hsy [] 12 33 [1HS2
Hex [] 13 32 [Jvce
HeY [ 14 31 JwD

H7X [] 15 30 []WD

H7Y [] 18 29 {Jwus
Hex [ 17 28 []GND
Hay [] 18 27 [JvbD
HoxX [] 19 26 [] H12Y
Hoy [] 20 25 []H12X
H10X [ 21 24 [JHNY
HioY | 22 23 [JH11X

44-Pin SOM

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for

final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patentrights ortrademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 5673-6914

©1992 Silicon Systems, Inc.
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SSI 32R1203A/1203AR

J J Jm ° +5V, 4-Channel, 3-Terminal
A TDK Group J Company

Read/Write Device

January 1994
DESCRIPTION FEATURES

The SSI 32R1203A is a bipolar monolithic integrated *  +5V only power supply
circuit designed for use with center-tapped ferrite or o | oy power

MIG recording heads. It provides a low noise read path -

with a gain of 250 V/V, write current control, and data Pd < 225 mW Read mode
protection circuitry for as many as 4 channels. Power = Pd <10 mW Idle mode
supply fault protectionis provided by disablingthewrite ¢  High Performance

current generator during power sequencing. A Power = Input noise = 1.2 nV/YHz max.
Down mode (Idle) is provided to reduce power - Input capacitance = 19 pF max.
consumption to less than 10 mW. - Write current range = 15 - 50 mA
The SSI 32R1203A requires only a +5V power supply - Head voltage swing = 6.0 Vpk

and is available in a surface mount package. * 250 V/V read gain

* Designed for center-tapped ferrite or MIG
heads

* Power supply fault protection
¢ Includes write unsafe detection
¢ Enhanced Write to Read recovery

BLOCK DIAGRAM PIN DIAGRAM
vee GND wus vet
e - o 1
GND 1 20 ] cs
HOX 2 19 ] RW
Hoy | 3 18 l wC
s 32R1203A
RV = oe F HIX | 17 RDY
2 S g Channels
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SSI 32R1203A/1203AR
+5V, 4-Channel, 3-Terminal
Read/Write Device

FUNCTIONAL DESCRIPTION

WRITE MODE

A source of recording current is provided to the head
center tap by an internal voltage reference, VCT. The
current is conducted through the head alternately into
an HnX terminal or an HnY terminal according to the
state of an internal flip-flop. The flip-flop is triggered by
the negative transition of the Write Data Input line
(WDI). Apreceding Read mode selectioninitializes the
write data flip-flop, WDFF, to pass write currentthrough
the “X” side of the head. The write current magnitude is
determined by the value of an external resistor Rwc
connected between WC terminal and GND, and is
given by:

Iw = K/Rwc, where K = Write Current Constant

WRITE MODE FAULT DETECT CIRCUIT

Several circuits are dedicated to detecting fault
conditions associated with the Write mode. A logical
high level will be present at the Write Unsafe (WUS)
terminal if any of the following write fault conditions are
present:

* Headopen

® Head center tap open

* Head shorted

* Head shorted to ground

* No write current

* WDI frequency too low

* Device in Read or Idle mode

The Write Unsafe outputis open-collector andis usually
terminated by an external resistor connected to VCC.
Two negative transitions on WDI, after the fault is
corrected, will clear the WUS flag.

A safe condition, WUS low, requires alternating voltage
spikes on both HnX and HnY that exceed VCT + 1.5V
at a rate equal to or higher than the Minimum Rate of
WDI for Safe condition.

In addition, the power supply voitage level is monitored
by a circuit that inhibits the write current if VCC is too
low to permit valid data recording.

READ MODE

In Read Mode, (R/W high and CS low), the circuit
functions as a low noise gain selectable differential
amplifier. The read amplifier input terminals are
determined by the Head Selectinputs. The read amplifier
outputs (RDX, RDY) are emitter follower sources,
providing low impedance outputs. The amplifier polarity
is non-inverting between HnX, HnY inputs and RDX,
RDY outputs.

IDLE MODE

Taking CS high selects the Idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Power consumptionin this
mode is held to a minimum.

MODE SELECTION AND INDICATION CIRCUIT

Logical control inputs which select mode and head
channel are TTL compatible. Their functions are
described in Table 1 and Table 2.

TABLE 1: Head Select Table

Head Selected HS1 HSO0
0 0 0
1 0 1
2 1 0
3 1 1
TABLE 2: Mode Select Table
Mode Selected Indicating &
Select Mode Fault Outputs
CcS R/W wus
1 X Idle high
0 Read high
0 0 Write active
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SSI 32R1203A/1203AR
+5V, 4-Channel, 3-Terminal
Read/Write Device

PIN DESCRIPTION

NAME TYPE | DESCRIPTION

HSO0, HS1 I Head Select: Logical combinations select one of four Heads. See Table 1
CS | Chip Select: a low level enables device. Has internal pull-up resistor.
RW I Read/Write: a high level selects Read mode. Has internal pull-up resistor.
wWus o* Write Unsafe: a high level indicates an unsafe writing condition.

wWbDI ] * Write Data In: negative transition toggles direction of head current.
HOX-H3X 110 X, Y head connections

HOY-H3Y

RDX, RDY o* X, Y Read Data: differential read signal output.

wC - Write Current: used to set the magnitude of the write current.

VCT - Voltage Center Tap: voltage source for head center tap.

vceC - +5V

GND - | Ground R

* When more than one R/W device is used, these signals can be wire OR’ed with unselected R/W devices.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
All voltages referenced to GND. Currents into device are positive.

PARAMETER RATING

DC Supply Voltage vCC -0.3t0 +6 VDC

Digital Input Voltage Range -0.3to (VCC + 0.3 VDC)
HS1, HS0, WDI, R/W, CS

Head Port Voltage Range VH -0.3to (VCC + 3.0 VDC)
Write Current Pin Voltage Vwe -0.3to (VCC + 0.3 VDC)
WUS Pin Voltage Range Vwus -0.3to +6.0 VDC

Write Current Zero—Peak W 60 mA

RDX, RDY Output Current lo -10 mA

RDX, RDY Pin Voltage VCC + 0.3 VDC

VCT Output Current Range vet -60 mAto +10 mA

WUS Output Current Range Iwus -0.1 mAto +10 mA
Storage Temperature Range Tstg -65 to 150°C

Package Temperature (20 sec Reflow) 215°C

3-11



SSI 32R1203A/1203AR

+5V, 4-Channel, 3-Terminal

Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)
RECOMMENDED OPERATION CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX [ UNITS

DC Supply Voltage VCC : 4.75 5.0 5.25 VvDC

Head Inductance Lh 1 15 pH

Write Current Range w 15 50 mA

Junction Temperature Range Tj +25 +135 °C

DC CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply.

POWER SUPPLY

VCC Supply Current (ICC) Read Mode 33 44 mA
ldle Mode 1.4 2.0 mA
Write Mode 31+1w |44 + 1w mA

Power Dissipation Read Mode 165 227 mwW
idle Mode 7 10.5 mw
Write Mode 155 + | 230 + mw

5w 551w

DIGITAL I/O

Input Low Voltage VIL 0.8 VvDC

CS, R/W WDI, HSO0, HS1

Input High Voltage VIH 20 vDC

CS, R/W WDI, HS0, HS1

Input Low Current IIL | VIL=0.4V -0.4 mA

CS, R/W WDI, HS0, HS1

Input High Current IIH | VIH=2.7V 20 HA

CS, R/W WDI, HS0, HS1

WUS Output Low Voltage VOL | IOL =4.0 mA 05 vDC

WUS Output High Current IOH | VOH = 5.0V 100 UA
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SSI 32R1203A/1203AR
+5V, 4-Channel, 3-Terminal

Read/Write Device

WRITE MODE

PARAMETER CONDITIONS MIN NOM MAX | UNITS

Center Tap Voltage VCT | Write Mode/ldle Mode Vee-0.9 vDC

Head Current (per side) Write Mode, Voltage Fault -200 200 HA
0<VCC <39V

Write Current Range 1.0 kQ < Rwc £3.3kQ 15 50 mA

Write Current Constant “K” 46 50 | 54 mMA-kQ

lwc to Head Current Gain 20 mA/mA

Unselected Head Leakage Current 85 A

RDX, RDY Common Mode Vec-3 |Vec-2.4) Veec-2 vDC

Output Voltage

WDI Minimum Pulse Width PWH VIL > 0.2V 11 ns

See Figure 1 PWL VIN > 2.4V 4 ns

READ MODE

Center Tap Voltage VCT Vee-1.5 vDC

Input Bias Current (per side) From VCT to HnX or HnY 20 60 MHA

Output Offset Voltage RDX - RDY -200 +200 mV

Common Mode Output Voltage RDX + RDY 2 Vec-24) 35 VvDC

2

Common Mode Output Voltage -100 +100 mV

Change from Write to Read Mode

FAULT DETECTION CHARACTERISTICS

Unless otherwise specified recommended conditions apply, Iw = 30 mA, Lh = 5 puH, F(WDI) = 10 MHz.

Minimum Rate of WDI Input for 150 kHz

Safe condition

Maximum Rate of WDI Input for 50 kHz

Unsafe condition

Minimum voltage value for 4.4 vDC

guaranteed write current turn-on

Maximum voltage value for 3.9 VDC

guaranteed write current turn-off
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SSI 32R1203A/1203AR
+5V, 4-Channel, 3-Terminal
Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

DYNAMIC CHARACTERISTICS AND TIMING
Unless otherwise specified, recommended operating conditions apply and Iw = 30 mA, Lh =5 uH,
f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.

WRITE MODE
PARAMETER CONDITIONS MIN NOM MAX | UNITS
Differential Head Voltage Swing ' 6.0 6.4 V(pk)
Unselected Head Transient Current 1pH<Lh<95puH 2 mA(pk)
Differential Output Capacitance 15 pF
Differential Output Resistance (1203AR only)| 600 960 Q
READ MODE
Differential Voltage Gain Vin=1mVrms @ 1 MHz 200 250 300 VIV
Bandwidth (-3dB) | |Zs] <5Q, Vin =1 mVpp 30 60 MHz
Input Noise Voltage BW = 15 MHz, 0.85 1.2 |nVAHz
: Lh=0,Rh=0
Differential Input Capacitance Vin =1 mVrms, f = SMHz 16 19 pF
Differential Input Resistance 2 kQ
Dynamic Range AC input voltage where 2 mVpp
gain falls to 90% of its
small signal gain value,
f=5MHz
Common Mode Rejection Ratio Vem = 100 mVpp @ 50 75 dB
1 MHz < f <10 MHz v
Power Supply Rejection Ratio AVce =100 mVpp @ 45 dB
1MHz < f <10 MHz
Channel Separation Unselected Channels: 45 54 dB
Vin = 20 mVpp
1 MHz < f <10 MHz
RDX, RDY Single Ended Output 30 Q
Resistance
Output Current AC Coupled Load, +1.5 mA
RDX to RDY
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SSI 32R1203A/1203AR
+5V, 4-Channel, 3-Terminal

Read/Write Device
SWITCHING CHARACTERISTICS
PARAMETER CONDITIONS MIN NOM MAX | UNITS
R/W Read to Write R/W to 90% of write current 50 400 ns
Write to Read R/W to 90% of 0.15 1.0 us
100 mV 10 MHz read signal
envelope orto 10% IW
cs Unselect to Select CS 10 90% of 100 mV 10 MHz 1.0 2.0
read signal envelope
Select to Unselect CSto010% th 0.05 0.6
HS0, 1 to any Head To 90% of 100 mV 10 MHz 0.6 us
read signal envelope
WUS Safe to Unsafe (TD1) (1203A only) 3.5 20 us
(1203AR only) 7.0 30 us
Unsafe to Safe (TD2) Write mode, after fault 350 ns
cleared after 2nd transition
Head Current Rh=0,Lh=0
Prop. Delay (TD3) From 50% points 25 40 ns
Asymmetry WDI has 50% Duty Cycle 2 ns
and 1 ns Rise/Fall Time
Rise/Fall Time 10% - 90% Points 4 20 ns
PWL*
PWH*
AV o
— '-—- D2 D1 ———
wuUs \
—»| |€—TD3
HEAD \
CURRENT
(Ix-ly)
* measured at 1.5V

FIGURE 1: Write Mode Timing Diagram
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SSI132R1203A/1203AR
+5V, 4-Channel, 3-Terminal
Read/Write Device

+5V.

1

FILTER ‘-—‘
-

see Note 1
; i SSI 32R1203A
: RDX
AGC I} RDY
oK 1 AMPLIFIER 1
READ o b LEVEL
DATA QUAL
$S132P549 READ DATA PROCESSOR
¥ HSn
WC  GND

see Note 2
0.1 uF
= 2K vce veT

| MICROPROCESSOR |¢ wus

¥ RW HOX
> LoGIC
14 SUPPORT

) s HoY

H1X

H1Y

H2X

H2y

H3X

H3Y

Wl Y

Rwe %
see Note 3 3

=

- NOTES
these outputs can be wire-OR’ed.
to device ground, with as short a path as possible.

Where this is not desirable a series resistor can be used to buffer a long WC line.

1. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In mu|t|~ch|p application
2. The power bypassing capacitor must be located close to the 32R1203A with its ground returned directly

3. To reduce ringing due to stray capacitance this resistor should be located close to the 32R1203A.

FIGURE 2: Applications Information
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SSI1 32R1203A/1203AR
+5V, 4-Channel, 3-Terminal
Read/Write Device

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 6jA
(Top View) | 20-teadsoL, sov | oeccw |

enD [+t 20| ] T8

Hox [ |2 19 ] rW

Hoy [ |3 18] ] we

HiX [__|4 32R14203A 171 roY

HtY [ s ohannels 16 ] RDX

Hex [ |s 15[ ] Hso

Hey [ |7 14 | ] Hst

Hax [ |8 13 ] vec

Hay [ 1o 2] woi

veT [0 11 [ ] wus

20-Lead SOL, SOV

CAUTION: Use handling procedures necessary
for a static sensitive component.

ORDERING INFORMATION

PART DESCRIPTION ORDERING NUMBER PACKAGE MARK
SSI 32R1203A
20-Lead SOL SSI 32R1203A-CL SSI 32R1203A-CL
20-Lead SOV SS1 32R1203A-CV SSi 32R1203A-CV
SSI32R1203AR
20-Lead SOL SSI 32R1203AR-CL SSI 32R1203AR-CL
20-Lead SOV SS132R1203AR-CV SS1 32R1203AR-CV

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 573-6914

0194 - rev 3-17 ©1993 Silicon Systems, Inc.
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SSI 32R1510BR
MR Head Read/Write Device

Advance Information

DESCRIPTION

The SSI 32R1510BR is an integrated circuit designed
for use with Magneto-Resistive recording heads. It
provides awrite driver and a low noise read amplifier for
up to 8 channels. The device requires +12V and +5V
power supplies and comes ina 68-pin PLCC package.

December 1993
FEATURES

¢ Head Swing = 7.0 Vpp min
Rise Time = 4 ns (Typ)
Minimal external components
* Input Noise = 0.72 nV/ Y Hz

BLOCK DIAGRAM

VDD vCC
+12V +5V GND wus  RBAW RC

WRITE
IMF UNSAFE
DETECTOR

cs

RDX
RDY

VCTRL
HSo
HS1

HSs2

VMF weC wsv
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CN1 CN2 CB1X’ ICE1Y

HROX
HROY
HWOX

HWOY MR HEAD
HAIX -
)

HR1Y } !

1 1
HW1X3 '
3
HW1Y '

HR7X
HR7Y
HW7X
HW7Y

cB2X I——l (__J cB2y

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI1 32R1510BR
MR Head Read/Write Device

FUNCTIONAL DESCRIPTION

The SSI 32R1510BR addresses up to 8 MR heads
providing write drive or read amplification and MR
current biasing. Head selection and mode control is
accomplished with pins HSn, CS and R/W as shown in
Tables 1 and 2.

WRITE MODE

Takingboth CS and R/W low selects Write mode which
configures the 32R1510BR as a current switch and
activates the Write Unsafe (WUS) detect circuitry.
Head current direction corresponds to the write data
input level (WDX, WDY).

The magnitude of the write current is given by:
lw = Vwc/Rwe

Rwc is connected from pin WC to GND. Note the actual
head current lhead is given by:
lhead = Aw - Iw/(1+Rh/Rd)

where Aw is the write current gain, Rh is the head
resistance, and Rd is the damping resistance.

WRITE MODE FAULT DETECT CIRCUIT (WUS)

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS open collector
output:

WDI frequency too low

Device in Read or Idle mode

Head open

Head short to ground

No Head current

Inthe case of a head short to ground, write current will
be turned off to prevent excessive current dissipation.
This will result in a pulsating WUS signal.

LOW VOLTAGE FAULT PROTECT

The voltage fault detection circuit improves data secu-
rity by disabling the write current generator during a low
voltage fault or power startup regardless of mode. Note

TABLE 1: Mode Select/VMF Select

that WUS does not necessarily turn on to flag a power
supply fault condition.

READ BIAS ACTIVE IN WRITE (RBAW)

The RBAW pin is a TTL control signal. A low level
enables the MR bias current through the selected head
in Write mode (Table 3). It can be used to speed up the
write to read transition time. RBAW timing is shown in
Figure 2.

READ MODE

Taking CS low and R/W high selects Read mode which
activates the bias current generator and the differential
amplifier. The magnitude of the bias currentis given by:

Ib = Ar « Vrc/Rre
= Kr/Rrc

where Ar is the bias current gain and Kr is the product
of Ar and Vrc. Rrc is connected from pin RC to GND.

A voltage monitor, VMF, is provided for media biasing.
In Read mode its output is set at the head bias voltage
Vmr. When VMF sources over 7.5 mA, the chip as-
sumes the media is not biased correctly, then the
device turns off Read mode, and WUS flags low to
indicate incorrect media biasing.

RDX and RDY are open collector outputs and should
be terminated with 100Q load resistors.

IDLE MODE

Taking CS high selects Idle mode which switches the
RDXand RDY outputs into a highimpedance state and
deactivates the internal write current source. This
facilitates multi-device installations by allowing the
read outputs to be wire OR’ed.

APPLICATION CAUTION

Care should be used when powering up the
32R1510R. An ESD protection diode is connected
between VCC and VDD onthe chip. If VCC is powered
up before VDD, the ESD diode can suffer irreversible
breakdown and damage the device permanently.

CS RW VCTRL MODE VMF VALUE
0 0 X Write Dummy Head Center Voltage
0 1 X Read Selected Channel Center Voltage
1 X 0 Idle High Impedance
1 X 1 Idle Dummy Head Center Voltage
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SSI 32R1510BR
MR Head Read/Write Device

TABLE 2: Head Select

TABLE 3: Read Bias Active in Write

Head Hs2 | ns1 | Hso MODE R/W RBAW MR Head Bias Current
Selected Read 1 X On
0 0 0 0 Write 0 0 On
1 0 0 1 0 1 or Open Off
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
PIN DESCRIPTION
CONTROL INPUT PINS
NAME TYPE DESCRIPTION
CS | Chip Select Input. A logical low level enables the circuit for a read or write
operation. Has internal pull up.
RW | Read/write select. A logical low level enables the Write mode (when CS is
low). Has internal pull up.
VCTRL | Voltage Control. In Idle mode, a high level selects VMF to supply a bias
value. A low level selects high impedance.
RBAW l Read Bias Active In Write. A TTL low level enables the MR bias current
through the selected head in both Read & Write modes.
HSO, HS1, ] Head select inputs. Logical combinations select one of eight heads.
HS2 See Table 2. Has internal pull down resistors.

HEAD TEMINAL PINS

HROX - HR7X | MR read element X, Y connections.

HROY - HR7Y

HWOX - HR7X (0] MR write element X, Y, connections

HWOY - HR7Y

DATA INPUT/OUTPUT PINS

WDX, WDY l Differential write data input.

RDX, RDY (0] Differential Read Data output. These open collector outputs are normally

terminated in 100 resistors to VCC.

EXTERNAL COMPONENT CONNECTION PINS

1 WC 110 Resistor connected to GND to provide desired value of write current.
RC Resistor connected to GND to provide selected value of bias current.
CN1, CN2 Noise decoupling capacitor for MR bias source.

CB1iX, CB1Y DC blocking capacitors.
CB2X, CB2Y




SSI 32R1510BR
MR Head Read/Write Device

PIN DESCRIPTION (continued)

CIRCUIT MONITOR PINS

NAME TYPE DESCRIPTION

WuUSs o Write Unsafe is an open-collector output with the off-state indicating that
conditions are not proper for a write operation.

WSV (0] Write Select Verify. Indicates that write current generator is active.

IMF (0] Current Monitor. Sinks 3 mA of current when device is actiive.

VMF (0] Voltage Monitor. Provides equivalent voltage to MR element bias midpoint
[(V(HRnX) - V(HRNY))/2].

POWER, GROUND PINS

VvCC | +5V logic circuit supply.

VDD | +12V power supply.

GND J Power supply common.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation beyond the maximum ratings may damage the device.

PARAMETER RATING

Storage Temperature -65 to 150°C
Junction Operating Temperature +130°C

Positive Supply Voltage (VCC) -0.3to 6V

Positive Supply Voltage (VDD) -0.3t0 14.0V
Voltage Applied to Logic Inputs -0.3Vto Vce+0.3V
All other Pins -0.3V to Vce+0.3V
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SSI 32R1510BR
MR Head Read/Write Device

ELECTRICAL CHARACTERISTICS
Unless otherwise specified, 4.5V <5.5V, 10.8V < VDD < 13.2V, 0°C < Ta < 70°C.

Current maximums are currents with the highest absolute value.

POWER DISSIPATION
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC Supply Current Read Mode, Isense = 8.5 mA 12 17 mA
Write Mode Iw = 30 mA 18 25 mA
Idle Mode 7 10 mA
VDD Supply Current Read Mode, Isense = 8.5 mA 34+ 44+ mA
Is+1.25 |Is+1.25
Write Mode Iw = 30 mA 34+lw | 46+lw mA
RBAW = High
Idle Mode 26 36 mA
Power Dissipation Read Mode Isense = 8.5 mA 520 + 1.25 mwW
Is+ VDD
Write Mode Iw = 30 mA 570 + mwW
RBAW = High (VDD-2)
o lw
Idle Mode 340 mwW
DIGITAL INPUTS AND OUTPUTS
WSV, WUS Output low Voltage lload = 4 mA 0.5 \
Input low voltage (VIL1) -0.3 0.8 \
(CS,R/W,VCTRL,RBAW,HS0-HS2)
Input high voltage (VIH1) 2.0 Veet+0.3 \
(CS,R/W,VCTRL,RBAW,HS0-HS2)
Input low current (lIL1) ViL1 = 0.8V -0.4 mA
(CS,RAW,VCTRL,RBAW HS0-HS2)
Input high current (lIH1) VIH1 = 2.0V 100 pA
(CS,R/W,VCTRL,RBAW,HS0-HS2)
Input low Voltage (VIL3) Vee-2.2 VIH3-0.3 \"
(WDX, WDY)
Input high Voltage (VIH3) VIL3 Vee-0.5 \)
(WDX, WDY) +0.3V
Input low current (IIL3) ViL3=Vce-1.4 50 HA
(WDX, WDY)
Input high current (IIH3) VIH3 = Vce-0.8 50 A
(WDX, WDY)
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SSI32R1510BR

MR Head Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

ANALOG OQUTPUT
PARAMETER CONDITIONS MIN NOM | MAX UNIT
IMF Current CS=0 24 3 3.6 mA
IMF Current CS=1 0.1 mA
VMF Current Sourcing 25 mA
Sinking 0.8 mA
VMF Over Current Protection 75 mA
Voltage Monitor Output (VMF) Read mode Vmr-0.1 Vmr |Vmr+0.1 \"
Write in 45 5.5 6.5 \Y
Idle mode, VCTRL = 1 4.5 5.5 6.5 Vv
VMF Voltage Difference VMF o0 - YMF e -0.3 0.3 \"
READ MODE B
Test performed with 1002 lead resistors from RDX & RDY to VCC
Read Bias Current Gain (Ar) Read Mode 12 mA/mA
Idle Mode 0.01 mA/mA
Bias current setting Voltage (Vrc) 1.9 2.0 2.1 Vv
“Kr” Factor Kr=Ar « Vrc 22 24 26 \
lh Bias Current Read Mode 6 12 mA
(MR Element Bias Current)
Unselected bias Current 10 uA
MR Head Bias Voltage (Vmr) Selected Channel (Read) 4.3 55 6.7 \'
Unselected Channel (Read) 4.9 \
Write, Idle Mode 4.9 Vv
MR Head Resistance (Rh) 20 36 55 Q
Differential Gain 110 150 190 VIV
Differential Input Resistance 200 400 800 Q
Dynamic Range Input Voltage where gain 8 mVpp
falls to 90% of its small
signal gain value f = 5 MHz ,
Input Referred Noise Voltage 0.72 0.95 |[nVA Hz
Differential Input Capacitance 18 pF
Bandwidth -3 dB, Vin =1 mVpp Zs = 5Q 70 100 MHz
CMRR Vin = 100 mVpp @ 5 MHZ 55 dB
PSRR 100 mVpp @ 5 MHZ 50 dB
on VCC, VDD
Channel Separation 45 dB
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SSI 32R1510BR

MR Head Read/Write Device

READ MODE (continued)

PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Output Offset Voltage -300 300 mV
Output Voltage (Common mode) Vce-0.6 VvDC
Output Leakage Current CS=1 100 pA
WRITE MODE
Write Current gain (Aw) Rh=0 0.92 0.99 1 mA/mA
Write Current Voltage, Vwc 1.9 2.0 2.1 \"
Write Current range 10 50 mA
Differential Head Voltage Swing 7.0 8.0 9.0 Vpp
Unselected Head current DC 0.2 mA

AC 1 mApp
Head differential load resistance 360 450 540 Q
VDD Fault Voltage 8.5 9.2 10.0 VDC
VCC Fault Voltage 3.5 3.9 4.2 vDC
Head Current (HnX, HnY) Write Mode, 0 <VCC <3.5V -200 +200 HA

0<VDD<8.5V

Read/ldle Mode -200 +200 HA

0<VCC <55V

0<VDD<13.2V

SWITCHING CHARACTERISTICS

Conditions: Rh = 36Q2, CB1 = CB2 = 0.047 uF, CN = 0.47 pF, Is = 8.5 mA, lw = 30 mA, T mode = 1 ms

PARAMETER CONDITIONS MIN NOM MAX UNIT

Head Switching to + 0.1V of Read DC and 1.5 3 us
90% of Read Envelope

Write-Read Mode RBAW =1 to £ 0.1V of Read DC and 15 25 us
90% of Read Envelope

Write-Read Mode RBAW =0 to+ 0.1V of Read DC and 0.5 1.5 us
90% of Read Envelope

Read-Write Mode to 90% of Write Current 0.2 0.5 us

Idle-Read/Write Mode to+ 0.1V of Read DC and 5 10 us
90% of Read Envelope

Read/Write - Idle Mode 0.2 0.5 us

WUS Safe to Unsafe (TD1) WDI Frequency too low 0.3 0.7 1.5 us

WUS Unsafe to Safe (TD2) 0.1 0.3 us

WSV Delay Time 50% R/W to 50% WSV 0.5 us

IMF Delay Time 50% CS/ to 50% IMF Current 0.5 us
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SSI 32R1510BR
MR Head Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)
SWITCHING CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Write Current Lh =200 nH 4 5 ns
Rise/Fall time Rh=15Q
, Iw =30 mA
Propagation delay 50%(WDX-WDY) to 4 ns
50%(Ix-ly)
Write current Asymmetry Propagation delay 0.5 ns
difference
MR Head Bias ON
Current
OFF
RW HIGH
WRITE READ WRITE READ Low
HIGH or OPEN
RBAW LOW

FIGURE 2: Head Bias Current Timing

WDX - WDY /_\_/—\__/_\ \

wus

(C
)}

aWa

TD1

TD2

FIGURE 3: WUS Timing
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SSI1 32R1510BR
MR Head Read/Write Device

PACKAGE PIN DES'GNAT'ONS CAUTION: Use handling procedures necessary

(Top View) for a static sensitive component.

RBAW
s9[] wC
s8[] RDY
57{] RDX
56[] VMF
551 HSO
s4[] HS1
53[] HS2
s2[INC
51[] CNY
50{] CNX
4g[] vee
48[] wbX
47[] woy
46[] wsv
45[] wus
44[] IMF

NC [N
HReX [ 3
HReY [ 3
Hwex [ 8
HR7X 1 &
HR7Y 08
HW7X [ @
HW7Y

NC
ce2x 19
GND [

vob 1 &
vop 008
rc 08

Hwey [ @

68-Pin PLCC

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final
design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet
is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 573-6914

©1993 Silicon Systems, Inc. 3-27 12983 - rev.
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A TDK Group J Company

siliaom ﬂ‘f{am*

SSI 32R1540R
6-Channel MR
Read/Write Amplifier

Target Specification

DESCRIPTION

The SSI32R1540R is a BICMOS monolithic integrated
circuit designed for use with four-terminal, Magneto-
Resistive recording heads. It provides a write driver,
MR read bias current, low noise read amplifiers for both
the MR andinductive thin-film heads, and faultdetection
circuitry forup to six channels. The device requires +5V
and -4.5V power supplies and comes in a 64-Lead
TQFP package.

FEATURES

o 45V, -4.5V +10% supply

* Designed for four-terminal MR heads with
minimum external components

¢ Truly differential I-bias/V-sense MR read Amp
* MR head bias current range = 10 - 26 mA

January 1994

MR read gain = 250 V/V

MR read input nolse = 0.65 nVVHz (Nom)

MR read input resistance = 900Q (Nom)
Thin-film read gain = 300 V/V

Thin-film read input noise = 0.48 nVVHz (Nom)
Thin-film read input capacitance = 12 pF (Nom)

Differential PECL write data input with Flip-
Flop

Head voltage swing = 7.0 Vpp (Nom)

Write current range = 5 - 30 mA
Self-switching damping resistance

Write unsafe detection

Enhanced system write to read recovery time
Power supply fault protection

BLOCK DIAGRAM

{1 VEE -4.5V

€1 DUMY
1 WUs

MULTIPLEXER

g 2 3

o (&)

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.




SSI 32R1540R
6-Channel MR
Read/Write Amplifier

PACKAGE PIN DESIGNATIONS
(Top View)

‘2:}0x1
S 1cxe
&[] HRox
21 HRoY
S HWoy
@[] HWoX
gne
g nNe
F N
o —
g
a1 we
S woi
o[~ woi
g[RW
81 ne

/ N
HRIX [ ] 1 48] NC
HR1Y [} 2 47 ] HS2
HW1Y |3 4] ]1CS
HWiIX [ ] 4 45 ] HS1
HR2X (|5 441 HSO
HR2Y |6 43 ] wus
HW2y [} 7 42 :] TOY
Hw2x [ s 411 TOX
HR3x [ 9 40| ] VEE
HR3Y "] 10 391 GND
HW3Y [ 11 38 vee
Hwax [_]12 : . 371 RDY
HRax 113 361 RDX
HR4Y [ 14 35 ] FAST
HWaY [ 115 341 NC
Hwax | 16 33): NC

Ne R
Ne R
NC R
Ne [

U
g

HWsY [N
HWsX [N
GND IR
RC B
CN[8
NC e
DUMY [18

64-Lead TQFP

CAUTION: Use handling procedures necessary
for a static sensitive component.

Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications
are based on design goals, subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture
unless agreed fo in writing. -

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 5673-6914

0194 3-30 ©1993 Silicon Systems, Inc.



A TDK Group | Company Read/Write Device

‘[’ SSI 32R2010R
JWJM > 10-Channel Thin Film

December 1993
DESCRIPTION FEATURES
The SSI 32R2010R is an integrated read/write Circuit  «  High performance
designed for use with two terminal heads in disk drive - Read Mode Gain = 150 Typ V/V

systems. The device contains up to ten channels of

read amplifiers and write drivers and also has an - Input Noise = 0.58 nVHHz typ.

internal write current source. An internal 300Q damp- - Input Capacitance = 15 pF typ.

ing resistor is supplied in Write mode, which is switched - Write Current Range = 10 mA to 25 mA
to 1k in Read mode. - Write Current Rise Time =4 ns

The circuit operates on +5V and +12V power supplies - Head Voltage Swing = 7 Vpp min

and is available in a 10-channel, 36-pin SO package. Write unsafe detection

* Differential, ECL-like write data input
* Open collector read data output

* Switch from 300Q damping resistor to 1 kQ
. read input resistance

* Power supply fault protection
* +5V, +12V power supplies +10%

BLOCK DIAGRAM PIN DIAGRAM

VDD1 GND VGG voD2 K %6 H ano
HSO Hoy [] 2 35 []HS3
Hst HiX [] 3 34 T8
e H1Y [] 4 33 | RW
HS3
H2x [] 5 32 Qwe
Hay [} © 31 EIRDY
o H3X [} 7 30 [] RDX
RDY
H3Y [] 8 29 [] HSO
Hax [] 9 28 [] HS1
WDX Read 32R2010R
WDY Pnai\plllier H4ay [1 10 1pcm 27 [l Hs2
Wi Hsx [ 11 26 [] vce
Current
Switch HsY [] 12 25 [] wDY
we cV:"m:m (10-Channel) HEX |: 13 24 ] WDX
so -
HeY E 14 23 [ wus
H7X|; 15 22 VDD1
Transition H7Y [] 16 21 VDD2
Hex [ 17 20 HaY
Hay [] 18 19 [] Hox
cs
R 36-Lead SOM

CAUTION: Use handling procedures necessary
1293 - rev. wus 3-31 for a static sensitive component.




SSI 32R2010R
10-Channel Thin Film
Read/Write Device

FUNCTIONAL DESCRIPTION

The SSI 32R2010R addresses up to 10 channels with
logic control inputs which are TTL compatible. Head
selection is accomplished as shown in Table 1. Mode
selection is accomplished as shown in Table 2. The
mode select inputs have internal pull up circuits so that
if an input is open it will rise to the upper logic level and
force the device into a non-writing condition.

WRITE MODE

In Write Mode (R/W and CS low) the circuit functions as
a current switch. The Head Select Inputs HS0, HS1,
HS2 and HS3 determine the selected head. The write
data inputs (WDX, WDY) determine the polarity of the
head current. When WDX is highand WDY is low, write
current is in the X direction. HNX is sinking current.

The write current magnitude is adjusted by an external
resistor, Rwc, from WC to GND, and is given by:

Iw = Vwc/Rwe
Note that actual head current, Ihd, is:

= Bh,
Ihd = Iw/(1+ 5 3) + loffset

where Rh is head resistance, Rd is write damping
resistance and loffset is a constant DC offset current.

WRITE MODE FAULT DETECT CIRCUIT

Several circuits are dedicated to detecting fault condi-
tions associated with the write mode. Alogical high (off)
level will be present at the Write Unsafe (WUS) ter-
minal if any of the following write fault conditions are
present:

«  Open head circuit (Ilw > 20 mA)

» Head shorted to ground

*  Write current transition frequency too low

*  Write mode not logically selected

A head shorted to ground condition results in a pulsat-
ing WUS signal.
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After the fault condition is removed, two transitions of
the write data input lines are required to clear WUS.
The Write Unsafe output is open-collector and is usu-
ally terminated by an external resistor connected to
VCC.

Additionally, power voltage monitoring circuits are
used to detect VCC and VDD1 voltage levels. If either
is too low to permit valid data recording, write current is
inhibited.

READ MODE

In Read Mode, (R/W high and CS low), the circuit
functions as a low noise differential amplifier. The read
amplifier input terminals are determined by the Head
Select inputs. The read amplifier outputs (RDX, RDY)
are open collector, requiring external load resistors
connected to VCC. The amplifier gain polarity is non-
inverting between HnX, HnY inputs and RDX, RDY
outputs.

The switch from write to read modes also changes the
resistance across HnX and HnY from its write damping
value of 300< to its read mode input value of 1 kQ.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the internal write current source. This
facilitates multi device installations by allowing the
read outputs to be wired OR’ed and the write current
programming resistor to be common to all devices.



SSI 32R2010R
10-Channel Thin Film
Read/Write Device

TABLE 1: Head Select

TABLE 2: Mode Select

Head Selected | HS3 | HS2 | HS1 | HSO cS RW Mode
0 0 0 0 0 0 0 Write
1 0 0 0 1 0 1 Read
2 0 0 1 0 1 0 Idle
3 0 0 1 1 1 1 Idle
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
PIN DESCRIPTION
CONTROL INPUT PINS
NAME TYPE DESCRIPTION
CS | Chip Select Input. A logical low level enables the circuit for a read or write
operation. Has internal pull up.
RW | Read/write select. A logical low level enables the write mode (when CS is
low). Has internal pull up.
HSO0, HS1, l Head select inputs. Logical combinations select one of sixteen heads.
HS2, HS3 See Table 1. Has internal pull down resistors.
HEAD TERMINAL PINS
HOX-H9X, 110 X, Y Head connections: Current in the X-direction flows into the X-port.
HOY-H9Y
DATA INPUT/OUTPUT PINS
WDX, WDY 110 Differential write data input.
RDX, RDY 110 Differential Read Data output. These open collector outputs are normally
terminated in 100Q resistors to VCC.

EXTERNAL COMPONENT CONNECTION PINS

wC | w0 | Resistor connected to GND to provide desired value of write current.

CIRCUIT MONITOR PINS

wus o) Write Unsafe is an open-collector output with the off-state indicating that
conditions are not proper for a write operation.

POWER, GROUND PINS

VCC | +5V Logic circuit supply.

VDD1 | +12V power supply.

VDD2 | Positive power supply for write current drivers.

GND I Power supply common.




SSI 32R2010R
10-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Operation above maximum ratings may permanently damage the device.

PARAMETER RATING
Positive Supply Voltage, VCC 6 VDC
Supply Voltage, VDD1, 2 13.5VDC
Operating Junction Temperature +130°C
Storage Temperature -65 to +130°C
Package Temperature (20 sec. reflow) 215°C
Input Voltages
HS0, HS1, HS2, HS3, TS, RW -0.2t0 VCC + 0.2 VDC
Outputs

Read Data (RDX, RDY)

VCC -2.,5t0 VCC + 0.3 VDC

Write Unsafe (WUS)

-0.2Vto VCC + 0.2V VDC

Current Reference (WC)

-80 mA to 1.0 mA VDC

Head Outputs (Write Mode)

-80 mA to 1.0 mA mA

- POWER SUPPLY

Unless otherwise specified, 4.5V < VCC < 5.5V, 10.8V <VDD1,2<13.2V, 0°C < T (ambient) < 70°C.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Dissipation (Does not Idle mode 195 295 mw
include power dissipation through | Read mode 440 775 mwW
RDX, RDY load resistors) Write mode 350 + 10w 530 + 1121w | MW
Positive Supply Current ICC | Idle Mode 13 20 mA
(Includes RDX, RDY currents) Read Mode 27 35 mA
Write Mode 22 26 mA
Positive Supply Current  IDD1 Idle Mode 10 12 mA
Read Mode 32 42 mA
Write Mode 23 28 mA
Positive Supply Current  IDD2 | ldle Mode 0.5 2 mA
Read Mode 1 1.5 mA
Write Mode T+lw | 2+1Iw mA
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SSI 32R2010R
10-Channel Thin Film
Read/Write Device

DC CHARACTERISTICS

PARAMETER CONDITIONS MIN NOM | MAX | UNIT

High-level Input Voltage VIH 2.0 - v

(CS, R/W, HS0, HS1, HS2, HS3)

Low-level Input Voltage VIL 0.8 \"

(CS, R/W, HS0, HS1, HS2, HS3)

High-level input Current IIH | VIH=2.7V 100 HA

(CS, R/W, HS0, HS1, HS2, HS3)

Low-level Input Current L | ViL=0.4V -400 HA

(CS, R/W, HS0, HS1, HS2, HS3)

High-level Output Voltage VIH Vee-1.0 Vee- 0.72 \

(WDX, WDY)

Low-level Output Voltage  VIL Vce - 1.87 Vee- 1.625 \

(WDX, WDY) _

WUS, Low Level Voltage ILUS =4 mA 0.5 \
(denotes safe condition)

WUS, High Level Current VHUS = 5.0V 100 HA
(denotes unsafe condition)

WRITE MODE

Test Conditions (Unless otherwise specified). VCC = 4.5 to 5.5V, Ta = 0 to +70°C, VDD = 10.8 to 13.2V,
Lh =470 nH, Rh = 25Q, WD Tr, Tf < 2 ns, Iw = 20 mA.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Current Range, Iw 10 25 mA
Write Current Voltage, Vwc 1.95 2.05 2.15 Vv
Differential Head voltage Swing 7.0 7.6 Vpp
loffset 05 mA
Unselected Head Non adjacent heads tested | 1 mMA(pk)
Transient Current to minimize external coupling

effects
Head Damping Resistance 240 300 360 Q
Differential Output 20 pF
Capacitance
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SSI 32R2010R

10-Channel Thin Film

Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

FAULT DETECTION CHARACTERISTICS
Test conditions same as Write Mode above (unless otherwise specified.)

PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC Value for Write lh<1mA 3.7 4.0 4.3 \
Current Turn off

VDD Value for Write lh<1mA 8.8 85 | 10.2 vV
Current Turn off

WDX, WDY Transition Frequency | WUS = Low (Guaranteed safe)| 1.0 MHz

READ MODE

Tests performed with 100Q load resistors from RDX and RDY to VCC. Test conditions same as Write mode

(unless otherwise specified.)

source for <6% THD of either
output.

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Differential Voltage Gain Vin = 1 mVpp, f = 300 kHz 120 150 | 180 VIV
Voltage Bandwidth -3dB | Zs<5Q,Vin=1mVpp " 50 65 MHz
-1dB | Zs <5Q, Vin=1mVpp 20 35 MHz

Input Noise Voltage Zs =0Q,Vin=0V, 0.58 0.75 nVAHz

Power Bandwidth = 20 MHz
Differential Input Capacitance Vin=0V, f =5 MHz 15 20 pF
Differential Input Resistance Vin=0V, f =5 MHz 400 1500 Q
Dynamic Range @ 5 MHz Input voltage where AC 4 mVpp

gain falis to 90% of the gain
Common Mode Rejection Ratio Vin = 100 mVpp, 0V DC

f=5MHz 60 90 . dB
Power Supply Rejection Ratio VCC or VDD = 100 mVpp

f=5MHz 55 75 dB
Channel Separation Unselected channels are

driven with Vin = 20 mVpp

@ 5MHz 60 90 dB
Output Offset Voltage Rh=0,Lh=0 -250 250 mV
Output Leakage Current Idle Mode 20 LA
Output Common Mode Voltage Rh=0,Lh=0 VCC-09 | VCC-05| VCC-03 \'
Output Voltage Compliance Adjust RDX, Y load voitage VCC-16 VvCC \
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SSI 32R2010R
10-Channel Thin Film
Read/Write Device

SWITCHING CHARACTERISTICS
Test conditions same as Write Mode plus RDX, Y connected VCC through 10022 resistors, WUS with 1 kQ
to VCC.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Idle to Read/Write Transition Time| Delay to 10 or 90% of Read 75 150 ns

Output or Write Current
Read/Write to Idle Transition Time 85 150 ns
Read to Write Transition Time VLCS = 0.8V, 85 150 ns

Delay to 90% of Iw
Wirite to Read Transition Time VLCS = 0.8V, Delay to 90% of 350 600 ns

10 MHz Read Signal, 100 mV

envelope
Head Select Switching Delay Read or Write Mode 500 ns
Head Current Rise and Fall Times| Iw =25 mA, Lh=0nH 25 4.0 ns
10% to 90% Rh = 0Q

Iw=15mA, Lh=1puH 6 ns

Rh = 45Q
Head Current Rise and Fall 0.5 ns
Difference
Head Current Switching Delay WDX, WDY transitions 2 ns, 0.5 ns
Difference (Asymmetry) switching time asymmetry

0.2ns
Head Current TD3 | 50% WD to 50% Iw 8 15 ns
Propogation Delay
Unsafe to Safe Delay WUS | f(data) =5 MHz 200 ns
After Write Data Begins TD2 | Write Mode (After 2 transitions

of WD)
Unsafe to Safe Delay WUS 0.5 +Tw* us
After Write Mode Selected
Safe to Unsafe Delay WUS | After Write Mode fault cond- 1.5

TD1 ition occurs
Safe to Unsafe Delay WUS | After exiting Write Mode 0.5 us
*Tw is the period of the write data input.
(WDX - WDY) _/
le— TD2 —>| ™1 —>
wus \
—» | | 4— TD3
HEAD ] / \ , \ / \ } \ [ \ [ \
CURRENT
(-ly)
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SSI 32R2010R
10-Channel Thin Film
Read/Write Device

PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: gja
(Top View) 36-Lead SOM 75°C/W
Hox [] 1 36 [] GND
Hoy [] 2 35 [] HS3
HIX ] 3 34 []TS
HIY [] 4 33 []RW
Hox [ 5 32 Jwe
Hay [| © 31 [ RDY
Hax [ 7 30 [] RDX
Hay [| 8 29 []HSO0
Hax [] o 32R2010R 28 ] Hs1
Hay [] 10 "M 27 M Hs2
HsX [ 11 26 []vce
Hsy [] 12 25 [Jwoy
Hex [] 13 24 [] WDX
Hey [] 14 23 [Jwus
H7X [] 15 22 [] vDD1
H7y [ 16 21 []vDD2
Hex [ 17 20 [] Hoy
Hay [] 18 19 [] HoX CAUTION: Use handling procedures necessary
for a static sensitive component.
36-Lead SOM
ORDERING INFORMATION
PART DESCRIPTION ORDER NUMBER PACKAGE MARK
SSI32R2010R  36-lead SOM 32R2010R-CM 32R2010R-10CM

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the rightto make changes in specifications at any time withoutnotice. Accordingly, the reader is cautioned to verify that the data sheet
is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 573-6914

©1991 Silicon Systems, Inc. 3-38 1293 - rev.



A TDK Group J Company Read/Write Device
Advance Information

e ks SSI 32R2011R
JWJ&’]M ’ 10-Channel Thin Film

December 1993
DESCRIPTION FEATURES
The SSI 32R2011R is an integrated read/write circuit  *  High performance
designed for use with two terminal heads in disk drive - Read Mode Gain = 150 Typ V/V

systems. The device contains up to ten channels of . _ e
read amplifiers and write drivers and also has an Input Noise - 0.58 nVNHz typ.
internal write current source. An internal 300Q - Input Capacitance = 15 pF typ.
damping resistor is supplied in Write mode, which is - Write Current Range = 10 mA to 25 mA

switched to 1 ki in Read mode. - Write Current Rise Time = 4 ns

The circuit operates on +5V and +12V power supplies R Vol R

and is available in a 10-channel, 36-pin SO package. Head Voltage S‘f"ng =7Vpp min
Write unsafe detection

- Differential, ECL-like write data input
« Open collector read data output

« Switch from 300Q damping resistor to 1 kQ
read input resistance

» Power supply fault protection
» +5V, +12V power supplies +10%

BLOCK DIAGRAM PIN DIAGRAM
v1 GD vce vm wox 07 w7 oo
Hoy [] 2 35 []Hs3
H1X [] 3 34 []TS
HY [] 4 33 []RW
H2X [] 5 32 [Jwe
Ha2y [] 6 31 []RDY
H3X [] 7 30 []RDX
Hay [] 8 29 [l HSO
Hax [ o 28 []Hs1
Pro?:l:‘l,iﬁer Hay [] 10 27 [JHS2
e HsX [] 11 26 []vce
Current
Swien Hsy [] 12 25 [Jwo
(10-Channel) vox [ 13 24 [)wD
Hey [ 14 23 [Jwus
H7X [] 15 22 []vDD1
H7Y [} 16 21 []vDD2
HeX [ 17 20 [] HoY
Hey [] 18 19 [] Hox
36-Lead SOM

CAUTION: Use handling procedures necessary

wus : e
1293 - rev. 3-39 for a static sensitive component.




SSI 32R2011R
10-Channel Thin Film
ReadNVrite Device

FUNCTIONAL DESCRIPTION

The SSI 32R2011R addresses up to 10 channels with
logic control inputs which are TTL compatible. Head
selection is accomplished as shown in Table 1. Mode

selection is accomplished as shown in Table 2. The .

mode select inputs have internal pull up circuits so that
if an input is open it will rise to the upper logic level and
force the device into a non-writing condition.

WRITE MODE

In Write Mode (R/W and CS low) the circuit functions as
a current switch. The Head Select Inputs HS0, HS1,
HS2 and HS3 determine the selected head. The write
data inputs (WD, WD) determine the polarity of the
head current. Write current is toggled between the X
and Y direction of the selected head on eachlow to high
transition of WD (see Figure 1). A preceding read

_operationinitializes the Write Data Flip Flop (WDFF) to
pass write current in the X-direction of the head (i.e.,
into the X-port).

The write current magnitude is adjusted by an external
resistor, Rwc, from WC to GND, and is given by:

lw = Vwc/Rwe
Note that actual head current, Ihd, is:

Bhy | joffset

thd = w/(1+ 80

where Rh is head resistance, Rd is write damping
resistance and loffset is a constant DC offset current.
WRITE MODE FAULT DETECT CIRCUIT

Several circuits are dedicated to detecting fault
conditions associated with the Write mode. A logical
high (off) level will be present at the Write Unsafe
(WUS) terminal if any of the following write fault
conditions are present:

» Open head circuit (lw = 20 mA)

» Head shorted to ground

» Write current transition frequency too low
« Write mode not logically selected
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After the fault condition is removed, two transitions of
the write data input lines are required to clear WUS.
The Write Unsafe output is open-collector andis usually
terminated by an external resistor connected to VCC.

Additionally, power voltage monitoring circuits are used
to detect VCC and VDD1 voltage levels. If either is too
low to permit valid data recording, write current is
inhibited.

READ MODE

In Read Mode, (R/W high and CS low), the circuit
functions as a low noise differential amplifier. The read
amplifier input terminals are determined by the Head
Select inputs. The read amplifier outputs (RDX, RDY)
are open collector, requiring external load resistors
(100Q) connected to VCC. The amplifier gain polarity
is non-inverting between HnX, HnY inputs and RDX,
RDY outputs.

The switch from Write to Read modes also changes the
resistance across HnX and HnY from its write damping
value of 300Q to its read mode input value of 1 kQ.

IDLE MODE

Taking CS high selects the Idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the internal write current source. This
facilitates multi device installations by allowing the
read outputs to be wired OR’ed and the write current
programming resistor to be common to all devices.

TABLE 1: Head Select

Head Selected | HS3 | HS2 | HS1 HSO

0 0 0 0 0

0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1




SSI 32R2011R
10-Channel Thin Film
Read/Write Device

TABLE 2: Mode Select

cs RW Mode
0 0 Write
0 1 Read
1 0 Idle
1 1 Idle
PIN DESCRIPTION
CONTROL INPUT PINS
NAME TYPE | DESCRIPTION
CS | Chip Select Input. A logical low level enables the circuit for a read or write
operation. Has internal pull up.
RW l Read/write select. A logical low level enables the write mode (when CS is low).
Has internal pull up.
HSO0, HSt, ] Head select inputs. Logical combinations select one of sixteen heads.
HS2, HS3 See Table 1. Has internal pull down resistors.
HEAD TERMINAL PINS
HOX-H9X, /o] X, Y Head connections: Current in the X-direction flows into the X-port.
HOY-H9Y
DATA INPUT/OUTPUT PINS
WD, WD I Differential write data input.
RDX, RDY (0] Differential Read Data output. These open collector outputs are normally
terminated in 100Q2 resistors to VCC.
EXTERNAL COMPONENT CONNECTION PINS
WC 110 Resistor connected to GND to provide desired value of write current.
CIRCUIT MONITOR PINS
WuUS o] Write Unsafe is an open-collector output with the off-state indicating that
conditions are not proper for a write operation.
POWER, GROUND PINS
VCC ’ i +5V Logic circuit supply.
VDD1 | +12V power supply.
VvDD2 I +12V power supply for write current drivers.
GND | Power supply common.




SSI 32R2011R
10-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Operation above maximum ratings may permanently damage the device.

PARAMETER RATING

Positive Supply Voltage, VCC 6 VDC

Supply Voltage, VDD1, 2 13.5VDC

Operating Junction Temperature +130°C

Storage Temperature -65to +130°C

Package Temperature (20 sec. reflow) 215°C

INPUT VOLTAGES

| HS0, HS1, HS2, HS3, TS, RIW -0.2t0 VCC + 0.2 VDC

OUTPUTS

Read Data (RDX, RDY) VCC -2.5t0 VCC + 0.3 VDC

Write Unsafe (WUS) -0.2Vto VCC + 0.2V

Current Reference (WC) -80mAto 1.0 mA

Head Outputs (Write Mode) -80 mAto 1.0 mA

POWER SUPPLY

Unless otherwise specified, 4.5V < VCC <5.5V, 10.8V < VDD1, 2 £ 13.2V, 0°C < T (ambient) < 70°C.

PARAMETER CONDITIONS MIN NOM | MAX UNIT

Power Dissipation (Does not Idle mode 195 295 mw

include power dissipation through| Read mode 440 775 mwW

RDX, RDY load resistors) Write mode 350+ 101w |530 + 1121w} mMW

Positive Supply Current ICC | Idle Mode 13 20 mA

(Includes RDX, RDY currents) Read Mode 27 35 mA
Write Mode 22 26 mA

Positive Supply Current ~ IDD1 | Idle Mode 10 14 mA
Read Mode 32 49 mA
Write Mode 23 28 mA

Positive Supply Current  IDD2 | Idle Mode 0.5 2 mA
Read Mode 1 1.5 mA
Write Mode 1T+lw | 2+Iw mA




SSI 32R2011R
10-Channel Thin Film
Read/Write Device

DC CHARACTERISTICS

PARAMETER CONDITIONS MIN NOM | MAX UNIT

High-level Input Voltage VIH 2.0 - Vv

(CS, RW, HS0, HS1, HS2, HS3)

Low-level Input Voltage ViL 0.8 Vv

(CS, RW, HS0, HS1, HS2, HS3)

High-level Input Current IIH | VIH=2.7V 100 HA

(CS, R/W, HS0, HS1, HS2, HS3)

Low-level Input Current L | VIL=0.4V -400 pA

(CS, RW, HS0, HS1, HS2, HS3)

High-level Input Voltage ~ VIHI Vee-1.0 Vee - 0.72 \

(WD, WD)

Low-level Input Voltage Vil Vee - 1.87 Vee - 1.625 v

(WD, WD)

WUS, Low Level Voitage ILUS =4 mA 05 \
(denotes safe condition)

WUS, High Level Current VHUS = 5.0V 100 HA
(denotes unsafe condition)

WRITE MODE

Test Conditions (Unless otherwise specified). VCC = 4.5 to 5.5V, Ta = 0 to +70°C, VDD = 10.8 to 13.2V,
Lh = 470 nH, Rh = 25Q, WD Tr, Tf < 2 ns, lw = 20 mA.

Current Range, Iw 10 25 mA
Write Current Voltage, Vwc 1.95 2.05 2.15 Vv
Differential Head voltage Swing 7.0 7.6 Vpp
loffset 0.5 mA
Unselected Head Non adjacent heads tested . 1 mA(pk)
Transient Current to minimize external coupling

: effects
Head Damping Resistance 240 300 360 Q
Differential Output 20 pF
Capacitance
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ELECTRICAL SPECIFICATIONS (continued)

FAULT DETECTION CHARACTERISTICS
Test conditions same as Write Mode above (unless otherwise specified.)

PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC Value for Write lh<1mA 3.7 4.0 43 \'
Current Turn off

VDD Value for Write lh<1mA 8.8 9.5 10.2 \"
Current Turn off

WD, WD Transition Frequency WUS = Low (Guaranteed safe) | 2.0 MHz

READ MODE
Tests performed with 100Q2 load resistors from RDX and RDY to VCC. Test conditions same as Write mode
(unless otherwise specified.)

Differential Voltage Gain Vin =1 mVpp, f = 300 kHz 120 150 180 VIV
Voltage Bandwidth -3dB | Zs <5Q, Vin=1mVpp 50 65 MHz
-1dB | Zs <5Q, Vin=1mVpp 20 35 MHz

Input Noise Voltage Zs=0Q,Vin=0V, 0.58 0.75 | nVAHz

Power Bandwidth = 20 MHz
Differential Input Capacitance Vin=0V, f =5 MHz 15 20 pF
Differential Input Resistance Vin=0V, f =5 MHz 400 1500 Q
Dynamic Range @ 5 MHz Input voltage where AC 4 mVpp

gain falls to 90% of the gain
Common Mode Rejection Ratio Vin =100 mVpp, 0V DC

f=5MHz 60 90 dB
Power Supply Rejection Ratio VCC or VDD = 100 mVpp

f=5MHz 55 75 dB
Channel Separation Unselected channels are

driven with Vin = 20 mVpp

@ 5 MHz 60 90 dB
Output Offset Voltage Rh=0,Lh=0 -250 250 mV
Output Leakage Current Idle Mode 20 LA
Output Common Mode Voltage Rh=0,Lh=0 VCC-0.9 | VCC-05]VCC-0.3 v
Output Voltage Compliance Adjust RDX, Y load voltage VCC-1.6 VCC \

source for <5% THD of either

output.
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10-Channel Thin Film
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SWITCHING CHARACTERISTICS
- Test conditions same as Write Mode plus RDX, Y connected VCC through 100Q resistors, WUS with 1 kQ
to VCC. ‘

PARAMETER _ CONDITIONS | MIN NOM MAX UNIT
Idle to Read/Write Transition Time| Delay to 90% of Read 75 150 ns
Output or Write Current
Read/Write to Idle Transition Time| Delay to 10% of Read 85 150 ns
Output or Write Current : »
Read to Write Transition Time VLCS =048V, 85 150 ns
Delay to 90% of Iw
Write to Read Transition Time VLCS = 0.8V, Delay to 90% of 350 600 ns
10 MHz Read Signal, 100 mV
envelope
Head Select Switching Delay Read or Write Mode 500 ns
Head Current Rise and Fall Times| Iw =25 mA, Lh=0nH 25 4.0 ns
10% to 90% Rh =0Q
Iw=15mA, Lh=1pH 6 ns
Rh = 45Q
Head Current Rise and Fall 0.5 ns
Difference
Head Current Switching Delay WD, WD transitions 2 ns, 0.5 ns
Difference (Asymmetry) switching time asymmetry
0.2ns .
Head Current TD3 | 50% WD to 50% lw 8 15 ns
Propogation Delay
Unsafe to Safe Delay WUS | f(data) =5 MHz 200 ns
After Write Data Begins TD2 | Write Mode (After 2 transitions
of WD)
Unsafe to Safe Delay WUS 0.5 +Tw*
After Write Mode Selected
Safe to Unsafe Delay WUS | After Write Mode fault cond- 15
TD1 ition occurs
Safe to Unsafe Delay WUS | After exiting Write Mode 0.5

*Tw is the period of the write data input.
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(WD - WD) N
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R

HEAD

G—TDZ—DI
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[ 4—— TD1 —>

CURRENT
(Ix-ly)

{
D\_/u

L

FIGURE 1: Write Mode Timing Diagram
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SSI 32R2011R
10-Channel Thin Film
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PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 0ja
(Top View) 36-Lead SOM 75°C/W
Hox [] 1 36 [] GND
Hoy [] 2 35 [] HS3
HIX [| 3 34 [1TS
H1Y [] 4 33 [JRW
H2x [] 5 32 [Jwc
Hay [] 6 31 [1RDY
Hax [ 7 30 [] RDX
H3Y [] 8 29 [1HSso
Hax [} 9 28 [] Hs1
Hay [] 10 27 [l Hs2
HsX [] 11 26 {]vcC
HsY [] 12 25 [1wWD
Hex [ 13 24 [1WD
Hey [] 14 23 [Jwus
H7X [] 15 22 []vDD1
H7Y [} 16 21 [JvDD2
HeX [ 17 20 [] Hoy
HeYy [] 18 19 [] HoX
36-Lead SOM

CAUTION: Use handling procedures necessary
for a static sensitive component.

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for
final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the rightto make changes in specifications at any time withoutnotice. Accordingly, the reader is cautioned to verify that the data sheet
is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 673-6914

©1993 Silicon Systems, Inc. 3-47 12983 - rev.
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SSI 32R2020R/2021R
olens

JW 5V, 2, 4, 6, 10-Channel

A TDK Group J Company Thin-Film Read/Write Device

January 1993

DESCRIPTION FEATURES

The SSI132R2020R/2021R are bipolar monolithicinte- ¢  +5V +10% supply

grated circuits designed for use with two-terminal re-

cording heads. They provide a low noise read ampli- Low power

fier, write current control, and data protection circuitry = PD = 130 mW read mode (Nom)
for up to ten channels. The SSI 32R2020R/2021R = PD = 3.3 mW idle (Nom)

provide internal 320Q damping resistors. Damping | Hiah P‘ f ;

resistors are switched in during write mode and igh Pertormance:

switched out during read mode. Power supply fault = Read mode gain = 300 V/V
protection is provided by disabling the write current - Input noise = 0.56 NV/YHz (Nom)
generator during power sequencing. System write to

read recovery time is significantly improved by control- = Input capacitance = 16 pF (Nom)
ling the read channel common mode output voltage = Write current range = 5-35 mA

shiftinthe write mode. The 32R2021R option provides Self switching d i ist
the user with a controllable write current adjustment eli switching damping resistance
feature. e Designed for two-terminal thin-film or MIG

heads with inductance up to 5.0 uH

The SSI 32R2020R/2021R require only +5V power o pin compatible with the 32R4610AR/4611AR
supplies and are available in a variety of packages.
They are hardware compatible with the 32R4610A/ *  Write unsafe detection

4611A read/write devices. * Power supply fault protection
* Head short to ground protection

BLOCK DIAGRAM PIN DIAGRAM
veei GND wus vccz
1 I . GND [] 1 20[] TS
UNSAFE | . |REFERENCE|: HOX E 2 19 [] RW
| M Hov [1 3 18 [] we
g g HoX
e Hov wx [ 4 17 ] ROY
Ty
H‘Yd 5 32Re020R 16 [] RDX
RDX 4
Fov PRREEVA?B’: HIX H2X[: 6 Channels 15 :| HS0
"CURRENT M Hey [ 7 14 [] Hst
SWITCHES
10 rax [] 8 13 [] veer
WDI [
Hay [] o 12 [] woi
H2X
Hoy veez [] 10 11 [] wus
| . 20-PIN SOL
] Ublbblbnz
Hso HaX
HS1 Hay
HS2
HS3
B HoX CAUTION: Use handling procedures necessary
WCADS L0 nov for a static sensitive component.

0193 - rev. WCADJ available on the 32R2021R-4 24-pin option only



SSI 32R2020R/2021R
5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

CIRCUIT OPERATION

The SSI 32R2020R/2021R have the ability to address up to 10 two-terminal heads and provide write drive or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have
internal pull-up resistors to prevent an accidental write condition. HS0, HS1, HS2 and HS3 have internal pulldown
resistors. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode.

TABLE 1: Mode Select TABLE 2: Head Select

CcS RW Mode HS3 HS2 HS1 HSO0 Head
0 0 Write 0 0 0 0 0
0 1 Read 0 0 0 1 1
1 0 Idle 0 0 1 0 2
1 i Idle 0 0 1 1 3

0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9

PIN DESCRIPTION

NAME TYPE DESCRIPTION

HSO0, HS1, +

HS2, HS3 Head Select: selects one of ten heads
CS Chip Select: a high inhibits the chip
RW t Read/Write : a high selects Read mode

|
|
|
WUS t O Write Unsafe: a high indicates an unsafe writing condition
|

WDI Write Data In: changes the direction of the current in the recording head
HOX - H9X;

HOY - H9Y 10 X, Y Head Connections

RDX, RDY t (0] X, Y Read Data: differential read data output

WC t Write Current: used to set the magnitude of the write current

WCADJ* t Write Current Adjust: Used to fine tune the write current

VCC1 i +5V Supply

VCC2 I +5V Supply for Write current drivers

GND I Ground

* Available on 32R2021R-4 24-pin option only
t When more than one R/W device is used, signals can be wire OR'ed
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SSI 32R2020R/2021R
5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI 32R2020R/2021R as a current
switch and activates the Write Unsafe (WUS) detector
circuitry. Head current is toggled betweenthe X and Y
side of the selected head on each high to low transition
of the Write Data Input (WDI). Changing from Read or
Idle mode to Write mode initializes the Write Data Flip-
Flop to pass write current into the “X” pin. In this case,
the Y side of the head will be higher potential than the
X side. The magnitude of the write current (0-pk) is

iven by:
g y _KeVwc

lw=
Rwc
Rwc is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

|x,y=__'vl'__
1+ Rh/Rd

Where:
Rh = Head resistance plus external wire
resistance
Rd = Damping resistance

In write mode a 320Q damping resistor is switched in
across the Hx, Hy ports.

The 32R2021R adds afeature which allows the userto
adjust the Iw current by a finite amount. The WCADJ
pinisusedto adjustwrite currentforwrite operationson
different zones of the disk. It is used by switching a
separate write current adjust resistor in and out on the
WCADJ pin or by connecting a DAC to that pin to sink
a controllable amount of current. The WCADJ pin is
nominally biased to VCC/2. Sinking current from this
pin to ground will divert a proportional amount of
current from the actual head current while maintaining
a constant current through the WC resistor and VCC.
Allowing WCADJ to float or pulling it high will cut off the
circuit and it will have no effect. ATTL gate canbe used
as a switch with a small degradation in accuracy. The
amount of write current decrease is shown below:

Iw head (decrease) (mA) = (29 « Vwcapy/Rwcay)
where:

Vwcapy = VCC/2 (volts)

Rwcaby = write current adjust setting resistor (kQ)

Example: For a 7.25 mA head current decrease,
Rwcapy = (27« 2.5) / 7.25 = 10 kQ
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POWER SUPPLY FAULT PROTECTION

A voltage fault detection circuit improves data security
by disabling the write current generator during a voit-
age fault or power startup regardless of mode. Note
that WUS does not necessarily turn on to flag a power
supply fault condition.

HEAD SHORT TO GROUND PROTECTION

The 2020R/2021R provides a head short to ground
protection circuit in any mode. In Idle or Read Mode,
current out of the head port will not exceed 20 mA if any
head is shorted to ground. In Write mode, if any head
is shorted to ground (regardiess if it is selected or not)
the write current generator will turn off, the WUS flag
willgo high, and current will be limited to less than 1 mA
out of the head port.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WDI frequency too low

Device in Read mode

Chip disabled

No head current

Head opened

Head short to ground

To insure proper WUS operation, the product of write
current, WDI frequency, and head inductance should
be less than 500 mA-uH-MHz. To insure no false WUS

trigger, the product of head current and head resis-
tance (Ix,ysRh) should be between 100 mV and 1.7V.

WDI frequency too low is detected if the WDI fre-
quency falls below 500 kHz (typ). Consuit the WUS
Safe to Unsafe timing for range of frequency detection.

Device in Read mode and Chip disabled will flag
WUS if R/W is high or CS is high.

No head current will flag WUS if Rwc = « and the
selected head is present.

Head opened will flag WUS if Rh = - and under the
condition that VCC/Iw < 0.25 V/mA.

Head short to ground is described in the preceding
paragraph.

Upon entering write mode, WUS is valid after two high
to low transitions of WDI following the required Read-
Write transition time (0.6 us max).




SSI 32R2020R/2021R
5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

CIRCUIT OPERATION (continued
READ MODE .

The Read mode configures the SSI 32R2020R/2021R
as a low noise differential amplifier and deactivates the
write current generator. The damping resistor is
switched out of the circuit allowing a high impedance
input to the read amplifier. The RDX and RDY output
are driven by emitter followers. They should be AC
coupledto the load. The (X,Y) inputs are non-inverting
to the (X,Y) outputs.

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-

ELECTRICAL SPECIFICATIONS

pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage drifts
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX and RDY outputs into a high impedance state
anddeactivates the device. Powerconsumptioninthis
mode is held to a minimum.

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3to +6 VDC
VCC2 -0.3to +6 VDC
Write Current w 60 mA
Digital Input Voitage Vin -0.3to VCC1 +0.3 VDC
Head Port Voltage VH -0.3t0o VCC2 +0.3 VDC
Output Current: RDX, RDY 10 -6 mA
WusS " +8 mA
Storage Temperature Tstg -65to +150 °C
RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage VCC1 =VCC2 5+10% vDC
Operating Junction Temperature Tj " +25t0 +135 °C
Recommended Head Load Range Lh 03-50 pH
DC CHARACTERISTICS ‘ ‘
'Recommended operating conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC1 Supply Current Read Mode 1 18 25 mA
Write Mode 22 29 mA
Idle Mode 0.6 0.95 mA
VCC2 Supply Current Read Mode 8 11 mA
Write Mode 4+lw | 7+lw mA
Idle Mode 0 0.2 mA




SSI 32R2020R/2021R
5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

PARAMETER CONDITIONS MIN NOM | MAX UNIT

Power Dissipation Read Mode 130 200 mwW
Write Mode 130 +4w]200 + 43w mMW
Idle Mode 3.3 6.5 mw

VCC1 Fault Voltage Iw<0.2mA 35 3.9 4.2 vDC

DIGITAL INPUTS

Input Low voltage (Vil) 0.8 VvDC

Input High Voltage (Vil) 2.0 vDC

Input Low Current Vil = 0.8V -0.4 mA

Input High Current Vih=2.0V 100 HA

WUS Output Low Voltage (Vol) lol = 2 mA max 05 vDC

WRITE CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified.

Write Current Constant “K” 0.99

Write Current Voltage (Vwc) 1.15 1.25 1.35 Vv

WCADJ Voltage

SSI32R2021R lwcaby = 0 to .5 mA 2.0 VCC/2 3.0 vDC

lhead(Decrease)/lwcapy

SSI132R2021R 23 27 31 mA/mA

Iwcans Range

SS132R2021R 0.0 05 mA

Differential Head Voltage Swing 4.2 5.6 Vpp
Open Head Iw = 20 mA 34 5.0 Vpp

Unselected Head Current 1 mA (pk)

Head Differential Damping

Resistance (Rd) 320 Q

WDI Pulse Width Vil 0.2v PWH 10 ns

PWL 5 ns

Write Current Range (lw) 5 35 mA

Head Differential Load

Capacitance 25 pF
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SSI 32R2020R/2021R

5V, 2, 4, 6, 10-Channel

Thin-Film Read/Write Device

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise épecified. CL (RDX, RDY) < 20 pF,

RL (RDX, RDY) = 1 kQ.

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Differential Voltage Gain Vin = 1 mVpp @1 MHz 250 300 350 VIV
Voltage BW -1dB |Zs| < 5Q, Vin = 1 mVpp 20 MHz
-3dB |Zs| < 5Q, Vin = 1 mVpp 45 - MHz

Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.56 0.75 nVAHz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz 16 22 pF
Differential Input Resistance Vin =1 mVpp, f =5 MHz 720 1200 Q
Dynamic Range AC input voltage where gain

falls to 90% of its small signal

gain value, f = 5 MHz 2 mVpp
Common Mode Rejection Ratio Vin = 0 VDC + 100 mVpp

@ 5 MHz 55 ds
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 50 dB
Channel Separation Unselected channels driven

with Vin =0 VDC + 100 mVpp 55 dB
Output Offset Voltage +300 mV
Single Ended Output Resistance | f=5MHz 50 Q
Output Current AC coupled load, RDX to RDY| 0.9 mA
RDX, RDY Common Mode
Output Voltage 0.4 VCC| VCC/2 [0.6 VCC| VDC

SWITCHING CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. IW =20 mA, Lh = 1.0 uH, Rh = 30Q

f(Data) = 5 MHz.

WD transition

RW  Read to Write R/W to 90% of write current 0.1 0.6 us
Write to Read R/W to 90% of
100 mV Read signal envelope 0.1 0.6 s
CS  Unselect to Select CS to 90% of write current or
t0 90% of 100 mV 10 MHz 0.2 1 us
Select to Unselect CS to 10% of write current 0.11 0.6 us
HSO0,1 to any Head To 20% of 160 mV 10 MHz o
: Read signal envelope 0.11 0.6 us
WUS: Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6 us
transitions. Defines maximum
WDI period for WUS operation
Unsafe to Safe (TD2) Fault cleared, from first neg 0.1 0.6 us




SSI 32R2020R/2021R
5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Head Current:
WDI to Ix - ly (TD3) from 50% points, Lh=0,Rh =0 3 10 ns
Asymmetry WDI has 1 ns rise/fall time,
Lh=0,Rh=0 1.0 ns
Rise/fall Time 10% to 90% points, Lh =0, Rh =0 4 6 ns
Rise/fall Time Lh =1 pH, Rh = 30Q 15 ns
PWL
//
WDI /1
D1 D2
//
WUS / ’7
—p TD3
HEAD
CURRENT \ / \ ., / \ /
(Ix - ly)
7/

FIGURE 1: Write Mode Timing Diagram
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5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

PACKAGE PIN DESIGNATIONS

(Top View)

GND [] 1 24 []1T8
ne ] 2 23 [] RW
Hox [] 3 22 [] NnC
Hov [1 4 21 {] wcaby
HIX [] 5 20 1 we
HIY [] 6 32R2021R 19 [] ROY
Hex [| 7 Channels 18 [1 pDX
Hay [] 8 17 [] Hso
Hax [] 9 16 [] Hs1
Hay [] 10 15 [] veet
Ne ] 11 14 [] wo!

veez [ 12 13 [] wus

24-Pin SOL, SOV
GND [] 1 16 []TS
Hox [ 2 15 [] RW
HoY [] 3 14 []we
H1x[] 4 32R2020R 13 [] RDY
HIY[] 5 Chaﬁnels 12 [] RDX
veea[] e 11 [] Hso
Ne [l 7 10 [] veet
wus ] s 9 [Jwol
16-Pin SOL

Hox [] 1 24 [] GND
Hov [1 2 2 (]
HiIX [ 3 22 [] rRwW
HIY [] 4 21 [] we
Hex [ 5 20 [] ROY
HeY [ 6 SRR 19 (] Rox
Hax [| 7 Channels 18 1 pso
Hay ] 8 17 [] Hst
Hax ] 9 16 [] Hs2
Hay [] 10 15 [] vee
Hsx [] 11 14 [] woi
Hsy [] 12 13 {] wus
24-Pin SOV
GND ] 1 20 [] TS
Hox [] 2 19 [] RW
Hoy [] 3 18 [ we
HiX [] 17 ;] RDY
HIY [15  3oRo020m 16 j RDX
Hex [] & Cha:\nols 15 [] Hso
Hey []7 14 [] Hst
Hax [ 8 13 [] veet
Hay [] 9 12 [] wol
veea [] 10 1 [] wus
20-Pin SOL, SOV

3-56

Hox [] 1 36 [] GND
Hoy [] 2 35 [] Hs3
HIX ] 3 34 [] T8
HIY [} 4 33 |] RW
Hx ] 5 32 [Jwe
ey ] & 31 [] Roy
H3X [] 7 30 [] ROX
Hy ] 8 29 [] HSO
H4xf o TR o ] Hst
Channels
Hay [} 10 27 [] Hs2
Hsx [} 11 2% ;) veet
Hsy [] 12 25 [] wol
HeX [] 13 24 [] wus
Hey [] 14 23 [] ne
Hrx [] 15 22 [] vecz
H7Y ] 16 21 ] ne
Hex [] 17 20 [] Hoy
Hay [] 18 19 [] Hex
36-Pin SOM



SSI 32R2020R/2021R
5V, 2, 4, 6, 10-Channel
Thin-Film Read/Write Device

ORDERING INFORMATION
PART DESCRIPTION ORDER NUMBER PACKAGE MARK
2-Channel
SSI132R202R 16-Lead SOL 32R2020R-2CL 32R2020R-2CL
20-Lead SON 32R2020R-2CN 32R2020R-2CN
4-Channel
SSI 32R202R 20-Lead SOL 32R2020R-4CL 32R2020R-4CL
20-Lead SOV 32R2020R-4CV 32R2020R-4V
32R2021R 24-Lead SOV 32R2021R-4CV 32R2021R-4CV
6-Channel
32R2020R 24-Lead SOV 32R2020R-6CV 32R2020R-6CV
10-Channel 36-Lead SOM 32R2020R-10CM 32R2020R-10CM

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914

0193 - rev. Patent Pending
©1990 Silicon Systems, Inc.
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SSI 32R2025R
5V, 4-Channel
Thin-Film Read/Write Device

Advance Information

DESCRIPTION

The SSI 32R2025R is a bipolar monolithic integrated
circuit designed for use with two-terminal recording
heads. It provides a low noise read amplifier, write
current control, and data protection circuitry for up to
four channels. The SSI 32R2025R provides internal
620Q damping resistors. Damping resistors are
switched in during Write mode and switched out during
Read mode. Power supply fault protection is provided
by disabling the write current generator during power
sequencing. System write to read recovery time is
significantly improved by controlling the read channel
common mode output voltage shift in the Write mode.
The 32R2025R option provides the user with a control-
lable write current adjustment feature.

The SSI 32R2025R requires only +5V power supplies
andis available in 20-lead SO packages. It is hardware
compatible with the SSI32R2020R Read/Write device.

December 1993

FEATURES

+5V £10% supply

Low power

= PD = 130 mW Read mode (Nom)
= PD = 3.3 mW Idle (Nom)

High Performance:

= Read mode gain = 300 V/V

= Input noise = 0.56 nV/YHz (Nom)
= Input capacitance = 16 pF (Nom)
= Write current range = 5-35 mA
Self switching damping resistance

Designed for two-terminal, thin-film or MIG
heads with inductance up to 5.0 uH

Pin compatible with the 32R2020R
Write unsafe detection

Power supply fault protection
Head short to ground protection

BLOCK DIAGRAM

GND

vcet Wwus vcez

P

P

WRITE
| unsare
DETECTOR

| REFERENCE
VOLTAGE |

PRE.

CURI

VOLTAGE
FAULT
] DETECTOR|

HSO [ J-=
HS1 [}

READ

AMPS

AND WRITE

RENT

SWITCHES
@

PIN DIAGRAM
GND [] 1 20 [] T8
HoxX [] 2 19 [] RW
1) Hox Hoy [] 3 18 [] we
) Hoy H1Xd . 17 rov
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SSI 32R2025R
5V, 4-Channel
Thin-Film Read/Write Device

CIRCUIT OPERATION

The SSI 32R2025R has the ability to address up to 4 two-terminal heads and provide write_drive_or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have
internal pull-up resistors to prevent an accidental write condition. HS0 and HS1 have internal pulldown resistors.
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode.

TABLE 1: Mode Select TABLE 2: Head Select
Cs R/W Mode HS1 HS0 Head
0 0 Write 0 0 0
0 1 Read 0 1 1
1 0 Idle 1 0 2
1 1 Idle 1 1 3
PIN DESCRIPTION
NAME TYPE DESCRIPTION
HSO0, HS1 t | Head Select: selects one of four heads
CS | Chip Select: a high inhibits the chip
RW t | Read/Write : a high selects Read mode
WUS t (0] Write Unsafe: a high indicates an unsafe writing condition
WDI t | Write Data In: changes the direction of the current in the recording head
HOX - H3X;
HOY - H3Y 110 X, Y Head Connections
RDX, RDY t (0] X, Y Read Data: differential read data output
wC + Write Current: used to set the magnitude of the write current
VCC1 l +5V Supply
VCC2 | +5V Supply for write current drivers
GND I Ground ‘
t+ When more than one R/W device is used, signals can be wire OR'ed.
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SSI| 32R2025R
5V, 4-Channel
Thin-Film Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI 32R2025R as a current switch and
activates the Write Unsafe (WUS) detector circuitry.
Head currentistoggled betweenthe X and Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Changing from Read or Idle
mode to Write mode initializes the Write Data Flip-Flop
to pass write current into the “X” pin. In this.case, the Y
side of the head will be higher potential than the X side.
The magnitude of the write current (0-pk) is given by:

_KeVwc
Rwc

Rwc is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

|w

lx, = —
Y={TRwRd

Where:
Rh = Head resistance plus external wire resistance
Rd = Damping resistance

In Write mode a 620Q damping resistor is switched in
across the Hx, Hy ports.

POWER SUPPLY FAULT PROTECTION

A voltage fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup regardless of mode. Note
that WUS does not necessarily turn on to flag a power
supply fault condition.

HEAD SHORT TO GROUND PROTECTION

The 32R2025R provides a head short to ground pro-
tection circuit in any mode. In Idle or Read mode,
current out of the head port will not exceed 20 mA if any
head is shorted to ground. In Write mode, if any head
is shorted to ground (regardless if it is selected or not)
the write current generator will turn off, the WUS flag
will go high, and current will be limited to less than 2 mA
out of the head port.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WDI frequency too low
Device in Read mode

Chip disabled

No head current

Head opened

Head short to ground

To insure proper WUS operation, the product of write
current, WDI frequency, and head inductance should
be less than 400 mA<uH-MHz. To insure no faise WUS

trigger, the product of head current and head resis-
tance (Ix,y=Rh) should be between 100 mV and 1.7V.

WDI frequency too low is detected if the WDI fre-
quency falis below 500 kHz (typ). Consult the WUS
Safe to Unsafe timing for range of frequency detection.

Device in Read mode and Chip disabled will flag
WUS if R/W is high or CS is high.

No head current will flag WUS if Rwc = « and the
selected head is present.

Head opened will flag WUS if Rh = « and under the
condition that Vcc/ilw < 0.25 V/imA.

Head short to ground is described in the preceding
paragraph.

Upon entering Write mode, WUS is valid after two high
to low transitions of WDI following the required Read-
Write transition time (0.6 pus max).

READ MODE

The Read mode configures the SSI132R2025R as alow
noise differential amplifier and deactivates the write
current generator. The damping resistor is switched
out of the circuit allowing a highimpedance input to the
read amplifier. The RDX and RDY output are driven by
emitter followers. They should be AC coupled to the
load. The (X,Y) inputs are non-inverting to the (X,Y)
outputs.

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-
pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage drifts
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Power consumptioninthis
mode is held to a minimum.




SSI 32R2025R
5V, 4-Channel

Thin-Film Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RAfINGS e
Operation above maximum ratings may permanently damage the device.

PARAMETER RATING
DC Supply Voltage VCC1 -0.3to0 +6 VDC
’ : vCC2 -0.3t0 +6 VDC
Write Current Iw 60 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3 VDC
Head Port Voltage VH -0.3to VCC2 +0.3 VDC
Output Current: RDX, RDY 10 -6 mA
Wus +8 mA
Storage Temperature Tstg -65t0 +150 °C
RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage VCC1 =VCC2 5+10% vDC
Operating Junction Temperature Tj +25to0 +135 °C
Recommended Head Load Range Lh 0.3-50 uH
DC CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC1 Supply Current Read mode 18 25 mA
Write mode 22 29 mA
Idle Mode 0.6 0.95 mA
VCC2 Sukpply Current Read mode 8 11 mA
Write mode 4+lw | 74w mA
Idle Mode 0 02 | mA
Power Dissipation Read mode 130 200 mw
Write mode 130+4w[200+43lw| mW
Idle Mode 3.3 6.5 mwW
VCC1 Fault Voltage Iw<0.2 mA 35 3.9 4.2 "VDC
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SSI 32R2025R
5V, 4-Channel
Thin-Film Read/Write Device

DIGITAL INPUTS

PARAMETER CONDITIONS MIN NOM | MAX UNIT

Input Low voltage (Vi) 0.8 vDC

Input High Voltage (Vil) 2.0 VDC

Input Low Current Vil = 0.8V -0.4 mA

Input High Current Vih = 2.0V 100 HA

WUS Output Low Voltage (Vol) lol = 2 mA max 0.5 VDC

WRITE CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified.

Write Current Constant “K” 0.99

Write Current Voltage (Vwc) 1.15 1.25 1.35 Vv

Differential Head Voltage Swing 4.2 5.6 Vpp
Open Head, Iw = 20 mA 3.4 5.0 Vpp

Unselected Head Current 1 mA (pk)

Unselected Head Voltage 45 \

Head Differential Damping

Resistance (Rd) 620 Q

WDI Pulse Width Vil > 0.2V PWH 10 ns

PWL 5 ns

Write Current Range (Iw) 5 35 mA

Head Differential Load

Capacitance 25 pF
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SSI 32R2025R
5V, 4-Channel

Thin-Film Read/Write Device

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,

RL (RDX, RDY) = 1 k. |

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Differential Voltage Gain Vin =1 mVpp @1 MHz 250 300 350 VIV
Voltage BW -1dB |Zs| <58, Vin = 1 mVpp 20 MHz
-3dB |Zs] < 5Q, Vin = 1 mVpp 45 MHz

Input Noise Voltage BW=15MHz, Lh=0,Rh=0 0.56 0.75 nVAHz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz 16 22 pF
Differential Input Resistance Vin =1 mVpp, f =5 MHz 720 1200 Q
Dynamic Range AC input voltage where gain -

falls to 90% of its small signal

: gain value, f =5 MHz 2 mVpp

Common Mode Rejection Ratio Vin =0 VDC + 100 mVpp

@ 5 MHz 55 dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 50 dB
Channel Separation Unselected channels driven

with Vin=0 VDC + 100 mVpp | 55 dB
Output Offset Voltage +300 mvV
Single Ended Output Resistance | f =5 MHz 50 Q
Output Current AC coupled load, RDX to RDY | 0.9 mA
RDX, RDY Common Mode
Output Voltage 0.4 VCC| VCC/2 |0.6 VCC| VDC

- SWITCHING CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. IW =20 mA, Lh = 1.0 uH, Rh = 30Q

f(Data) =5 MHz.

RW

WD transition

Read to Write R/W to 90% of write current 0.1 0.6 us
Write to Read R/W to 90% of
100 mV Read signal envelope 0.1 0.6 us
CS  Unselect to Select CS to 90% of write current or
to 90% of 100 mV 10 MHz 0.2 1 us
Select to Unselect CS to 10% of write current 0.11 0.6 us
HSO0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.11 0.6 us
WUS: Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6 us
transitions. Defines maximum
WDI period for WUS operation
Unsafe to Safe (TD2) Fault cleared, from first neg 0.1 0.6 us -




SSI 32R2025R
5V, 4-Channel
Thin-Film Read/Write Device

PARAMETER CONDITIONS MIN NOM MAX UNIT
Head Current:
WDl to Ix - ly (TD3) from 50% points, Lh =0, Rh =0 3 10 ns
Asymmetry WDI has 1 ns rise/fall time,
Lh=0,Rh=0 1.0 ns
Rise/fall Time 10% to 90% points, Lh =0, Rh =0 4 6 ns
Rise/fall Time Lh =1 pH, Rh = 30Q 15 ns

WDI \—/

PWH D1 TD2

/ /

wus / 1 \

—p D3
HEAD —
CURRENT \ / \ L, / \ /

(Ix - ly)

//

FIGURE 1: Write mode Timing Diagram
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SSI 32R2025R
5V, 4-Channel

Thin-Film Read/Write Device

PACKAGE PIN DESIGNATIONS
(Top View)

GND [] 1 20 [] TS
Hox [] 2 19 [] RW
Hov [] 3 18 [] we
HiX [] 4 17 [] rOY
HIY [] 5 32R2025R 16 [] RDX
Hox [ & Cha:nels 15 [] Hso
Hay [ 7 14 [] Hs1
Hax [] 8 13 [] vee
HaY [] o 12 [] woi

veez [ 10 11 [] wus

20-Pin SOL, SOV

CAUTION: Use handling procedures necessary
for a static sensitive component.

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for

final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 5673-6914

Patent Pending
©1993 Silicon Systems, Inc.
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A TDK Group J Company Thin-Film Read/Write Device

oy b4 SSI 32R2026R
JWJ{(WIJ ’ 5V, 4-Channel

Preliminary Data

April 1993

DESCRIPTION FEATURES

The SSI 32R2026R are bipolar monolithic integrated ®  +5V £10% supply
circuits designed for use with two-terminal recording

heads. They provide a low noise read amplifier, write Low power

current control, and data protection circuitry for up to = PD = 130 mW read mode (Nom)
four channels. The SSI 32R2026R provide internal = PD = 3.3 mW idle (Nom)

320Q damping resistors. Damping resistors are .

switched in during write mode and switched out during High Performance:

read mode. Power supply fault protection is provided = Read mode gain = 300 V/V

by disab!ing the write cu'rrent generator during power - Input noise = 0.56 nV/YHz (Nom)
sequencing. System write to read recovery time is

significantly improved by controlling the read channel = Input capacitance = 16 pF (Nom)
common mode output voltage shift in the write mode. = Write current range = 5-35 mA

The SSI 32R2026R requires only +5V power supplies Self switching damping resistance
and is available in a variety of packages. Itishardware  ®* Designed for two-terminal thin-film or MIG
compatible with the 32R2020R read/write devices. heads with inductance up to 5.0 uH

* Pin compatible with the 32R2020R

*  Write unsafe detection

* Power supply fault protection

* Unselected head at ground potential

BLOCK DIAGRAM PIN DIAGRAM
vcet GND wus veea
o R oo » s
| [rermmencel HoX [] 2 19 [] RW
TOR [ A B 2R
T 03 vox Hoy ] 3 18 [] we
AW L {0 Hov Hix ] ¢ 17 ] RoY
[
HIY [| 5 3omoozer 16 [] RDX
RDX 4
rov 3 wix H2X [] 6 Channels 15 [] HSO
R Hey [] 7 14 [] Hst
: Hax [] 8 13 [] veet
WDI [
: HaY [ 9 12 [] wol
- H2X
. & vov veez [] 10 11 [] wus
. el e, . 20-LEAD SOL
- DETECTOR[ SOURCE i g : :
HSO:I_: 23 : R .‘ o
HS1 [} o e ] Hay
: g CAUTION: Use handling procedures necessary
wC

for a static sensitive component.
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SSI 32R2026R
5V, 4-Channel
Thin-Film Read/Write Device

CIRCUIT OPERATION

The SSI 32R2026R have the ability to address up to 4 two-terminal heads and provide write drive or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have
internal pull-up resistors to prevent an accidental write condition. HS0 and HS1 have internal pulldown resistors.
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode.

TABLE 1: Mode Select TABLE 2: Head Select
CS RW Mode HS1 HSO0 Head
0 0 Write 0 0 0
0 1 Read 0 1 1
1 0 Idle 1 0 2
1 1 Idle 1 1 3

PIN DESCRIPTION

NAME TYPE DESCRIPTION

HSO, HS1, t | Head Select: selects one of four heads

CS | Chip Select: a high inhibits the chip

R/W + | Read/Write : a high selects Read mode

WuSs 0] Write Unsafe: a high indicates an unsafe writing condition
WDI | Write Data In: changes the direction of the current in the recording head
HOX - H3X;

HOY - H3Y 110 X, Y Head Connections

RDX, RDY t (0] X, Y Read Data: differential read data output

WC t Write Current: used to set the magnitude of the write current
VCC1 | +5V Supply

VCC2 l +5V Supply for Write current drivers

GND | Ground

t+ When more than one R/W device is used, signals can be wire OR'ed
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SSI 32R2026R
5V, 4-Channel
Thin-Film Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI 32R2026R as a current switch and
activates the Write Unsafe (WUS) detector circuitry.
Head currentistoggled betweenthe X and Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Changing from Read or Idle
mode to Write mode initializes the Write Data Flip-Flop
to pass write current into the “X” pin. In this case, the Y
side of the head will be higher potential than the X side.
The magnitude of the write current (0-pk) is given by:
KeVwc

Rwc
Rwc is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

lw
X,y=—IW
%Y = RVRG
Where:

Rh = Head resistance plus external wire
resistance
Rd = Damping resistance

In write mode a 320Q2 damping resistor is switched in
across the Hx, Hy ports. The unselected head potential
is kept at ground.

POWER SUPPLY FAULT PROTECTION

A voltage fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup regardless of mode. Note
that WUS does not necessarily turn on to flag a power
supply fault condition.

HEAD SHORT TO GROUND PROTECTION

The 32R2026R provides a head short to ground pro-
tection circuit in any mode. In Idle or Read Mode,
current out of the head port will not exceed 20 mA if any
head is shorted to ground. In Write mode, if any head
is shorted to ground (regardiess if it is selected or not)
the write current generator will turn off, the WUS flag
willgo high, and current willbe limited to less than 1 mA
out of the head port.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WDI frequency too low
Device in Read mode

3-69

Chip disabled

No head current
Head opened

Head short to ground

To insure proper WUS operation, the product of write
current, WDI frequency, and head inductance should
be less than 500 mA-pH«MHz. To insure no false WUS
trigger, the product of head current and head resis-
tance (Ix,y*Rh) should be between 100 mV and 1.7V.

WDI frequency too low is detected if the WDI fre-
quency falls below 500 kHz (typ). Consult the WUS
Safe to Unsafe timing for range of frequency detection.

Device in Read mode and Chip disabled will flag
WUS if R/W is high or CS is high.

No head current will flag WUS if Rwc = « and the
selected head is present.

Head opened will flag WUS if Rh = « and under the
condition that VCC/lw < 0.25 V/mA.

Head short to ground is described in the preceding
paragraph.

Upon entering write mode, WUS is valid after two high
to low transitions of WDI following the required Read-
Write transition time (0.6 ps max).

READ MODE

The Read mode configuresthe SSI32R2026R as a low
noise differential amplifier and deactivates the write
current generator. The damping resistor is switched
out of the circuit allowing a high impedance input to the
read amplifier. The RDX and RDY output are driven by
emitter followers. They should be AC coupled to the
load. The (X,Y) inputs are non-inverting to the (X,Y)
outputs. Unselected head potential is kept at ground.

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-
pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage drifts
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Power consumption inthis
mode is held to a minimum. Head potential is kept at
ground.




SSI 32R2026R
5V, 4-Channel

Thin-Film Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3t0 +6 VDC
VCC2 -0.3to +6 VDC
Write Current Iw 60 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3 VDC
Head Port Voltage VH -0.3t0 VCC2 +0.3 VDC
Output Current: RDX, RDY 10 -6 mA
WuUS +8 mA
Storage Temperature Tstg -6510 +150 °C
RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage VCC1 =VCC2 5+10% vDC
Operating Junction Temperature Tj +25to +135 °C
Recommended Head Load Range Lh 0.3-5.0 uH
DC CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
VCC1 Supply Current Read Mode 18 25 mA
Write Mode 22 29 mA
Idle Mode 0.6 0.95 mA
VCC2 Supply Current Read Mode 0 0.2 mA
Write Mode 440w | 7+Iw mA
Idle Mode 0 0.2 mA
Power Dissipation Read Mode 100 170 mwW
Write Mode 130 +4 1w (200 +431w| mW
Idle Mode 3.3 6.5 mw
VCC1 Fault Voltage Iw<0.2mA 3.5 3.9 4.2 vDC




SSI 32R2026R
5V, 4-Channel
Thin-Film Read/Write Device

DIGITAL INPUTS

PARAMETER CONDITIONS MIN | NOM | MAX | UNIT
Input Low voltage (Vil) 0.8 VvDC
Input High Voltage (Vil) 2.0 VvDC
Input Low Current Vil=0.8V -0.4 mA
Input High Current Vih = 2.0V 100 uHA
WUS Output Low Voltage (Vol) lol = 2 mA max 0.5 VDC

WRITE CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.

Write Current Constant “K” 0.99

Write Current Voltage (Vwc) 1.15 1.25 1.35 \

Differential Head Voltage Swing 4.2 5.6 Vpp
Open Head lw = 20 mA 3.4 5.0 Vpp

Unselected Head Current 1 mA (pk)

Unselected Head Voltage 0 0.3 Vv

Head Differential Damping

Resistance (Rd) 320 Q

WDI Pulse Width Vil2 0.2V PWH 10 ns

PWL 5 ns

Write Current Range (lw) 5 35 mA

Head Differential Load

Capacitance 25 pF

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,
RL (RDX, RDY) = 1 kQ.

Differential Voltage Gain Vin =1 mVpp @1 MHz 250 300 350 VIV
Voltage BW -1dB |Zs| < 5Q, Vin = 1 mVpp 20 ' MHz
-3dB |Zs| < 5Q, Vin =1 mVpp 45 MHz

Input Noise Voltage BW=15MHz, Lh=0, Rh=0 0.56 0.75 nVA~Hz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz 16 22 pF
Differential Input Resistance Vin = 1 mVpp, f =5 MHz 720 1200 Q
Dynamic Range AC input voltage where gain

falls to 90% of its small signal

gain value, f =5 MHz 2 mvVpp
Common Mode Rejection Ratio Vin=0VDC + 100 mVpp

@ 5 MHz 55 dB




SSI 32R2026R
5V, 4-Channel
Thin-Film Read/Write Device

READ CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 50 dB
Channel Separation Unselected channels driven

with Vin=0VDC + 100 mVpp | 55 dB
Output Offset Voltage +300 mV
Single Ended Output Resistance | f=5MHz 50 Q
Output Current AC coupled load, RDX to RDY| 0.9 mA
RDX, RDY Common Mode
Output Voltage 0.4 VCC| VCC/2 0.6 VCC| VDC
SWITCHING CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. IW =20 mA, Lh = 1.0 uH, Rh = 30Q

f(Data) =5 MHz.

R/W  Read to Write R/W to 90% of write current 0.1 0.6 us
Write to Read R/W to 90% of
100 mV Read signal envelope 0.3 1 us
CS  Unselect to Select CS to 90% of write current or
to 90% of 100 mV 10 MHz 0.2 1 us
Select to Unselect CS to 10% of write current 0.11 0.6 us
HS0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.11 0.6 us
WUS: Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6 us
transitions. Defines maximum
WDI period for WUS operation
Unsafe to Safe (TD2) Fault cleared, from first neg 0.1 0.6 us
WD transition
Head Current:
WDl to Ix - ly (TD3) from 50% points, Lh =0, Rh =0 3 10 ns
Asymmetry WDl has 1 ns rise/fall time,
Lh=0,Rh=0 1.0 ns
Rise/fall Time 10% to 90% points, Lh =0, Rh =0 4 6 ns
Rise/fall Time Lh = 1 pH, Rh = 30Q 15 ns
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SSI 32R2026R
5V, 4-Channel

Thin-Film Read/Write Device

WDI

WuUs

HEAD
CURRENT

(Ix - ly)

//
77—\ /\ [\ /

TD2

TD3

A

/ / / |

7/

FIGURE 1: Write Mode Timing Diagram

PACKAGE PIN DESIGNATIONS

(Top View)

GND [] 1 20 [] T8
Hox [] 2 19 [] AW
Hoy [] 3 18 [] we
H1X E 4 17 [] rROY
“WH 5 32R2026R 16 [] RDX
H2x [ 6 Cha:nels 15 [] Hso
Hay [ 7 14 [] Hs1
Hax [ & 13 [] veet
HaY [ o 12 [] wol
veea [] 10 11 [] wus
20-Lead SOL, SOV

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 5673-6914

0493

3-73

Patent Pending
©1993 Silicon Systems, Inc.



Notes:

3-74



‘. SSI 32R2028R
J J Jm ® o 5V, 19-Cham_1e|
A TDK G.:J)ompany Thin-Film Read/Write Device
Advance Information

December 1993
DESCRIPTION FEATURES
The SSI 32R2028R is a bipolar monolithic integrated ®  +5V +10% supply
circuit designe_d for use witq two-terminal‘r.eoordipg ¢ Low power
heads. It provides a low noise read amplifier, write
current control, and data protection circuitry for up to = PD = 130 mW Read mode (Nom)
ten channels. The device provides internal 320Q = PD = 5 mW idle (Max)
damping resistors that are switched in during Write | High Perf .
mode and switched out during Read mode. Power igh Performance:
supply fault protectionis provided by disabling the write = Read mode gain = 300 V/V
cu.rrent generator duril:ng power §gquenc§ng. System - Input noise = 0.56 nV/YHz (Nom)
write to read recovery time is significantly improved by .
controlling the read channel Common mode output = Input capacitance = 16 pF (Nom)
voltage shift in the Write mode. The device also pro- = Write current range = 5-35 mA

vides the user with a controllable write current adjust- Self switching d i ist
ment feature. The SSI 32R2028R requires only a +5V elf switching damping resistance
power supply. * Designed for two-terminal thin-film or MIG
heads with inductance up to 5.0 uH
¢ Differential ECL-like Write Data Input
* Write unsafe detection
* Power supply fault protection

* Head short to ground protection

BLOCK DIAGRAM PIN DIAGRAM
veC1  GND wus veez

Hox [ |1 3% [ JoND
vy [ ]2 35 | JHs3
HixX[ |3 W[ TS
WY [ ]4 B[ IRW
wx [ |s 2 [ Jwe
HY [e 31 [ JRoy

:t: : wx [ )7 3 [ JRDX
— 32R2028R i —
Hax [ o cm:&m 28 [ JHst
Hey [ |10 27 [ JHs2
Hsx [ 2 [ ] vcer
wsy [ |12 2 Jwo
Hex [ )13 4| WO
HeY [ | 14 23 [ Jwus
WX [ |15 22 [ ] weany
wry |16 21 [ Jvecz
Hex [ 17 20 [ ] Hovy
Hey [} 18 19 [ JHex

36-Lead SOM

CAUTION: Use handling procedures necessary

1293 - rev. for a static sensitive component.




SSI 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

CIRCUIT OPERATION

The SSI 32R2028R has the ability to address up to 10 two-terminal heads and provide write drive or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have
internal pull-up resistors to prevent an accidental write condition. HS0, HS1, HS2 and HS3 have internal pulldown
resistors. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode.

TABLE 1: Mode Select TABLE 2: Head Select
cs RIW Mode HS3 HS2 HS1 HSO Head

0 0 Write 0 0 0 0 0
0 1 Read 0 0 0 1 1
1 0 Idle 0 0 1 0 2
1 1 Idle 0 0 1 1 3
0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

R 0 0 0 8

1 0 0 1 9

PIN DESCRIPTION

NAME TYPE DESCRIPTION
HSO0, HS1, t
HS2, HS3 Head Select: selects one of ten heads

|

CS I Chip Select: a high inhibits the chip

RW t ] Read/Write: a high selects Read mode

WUS t (@] Write Unsafe: a high indicates an unsafe writing condition
t 1

WD, WD Differential Write Data Input: a negative transition of (WD - WD) toggles the
direction of the head current

HOX - H9X; 110 X, Y Head Connections

HOY - H9Y

RDX, RDY t (e} X, Y Read Data: differential read data output

wWC t Write Current: used to set the magnitude of the write current

WCADJ + Write Current Adjust: Used to fine tune the write current

VCC1 ] “| +5V Supply

VCC2 ! +5V Supply for Write current drivers

GND ] Ground

tWhen more than one R/W device is used, signals can be wire OR'ed
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SSI1 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI 32R2028R as a current switch and
activates the Write Unsafe (WUS) detector circuitry.
Head current is toggled betweenthe X and Y side of the
selected head on each high to low transition of the
differential signal WD - WD. Changing from Read or
Idle mode to Write mode initializes the Write Data Flip-
Flop to pass write current into the “X” pin. In this case,
the Y side of the head will be higher potential than the
X side. The magnitude of the write current (0-pk) is

given by: K« Vwe
Iw
Rwc

Rwec is connected from pin WC to GND. Note the actual
head current Ix, y is given by:

Ix’y=__ﬂv___.
1+ Rh/Rd

Where:
Rh = Head resistance plus external wire
resistance
Rd = Damping resistance

In Write mode a 320Q damping resistor is switched in
across the Hx, Hy ports.

The SSI32R2028R includes afeature whichallows the
user to adjust the Iw current by a finite amount. The
WCADJ pin is used to adjust write current for write
operations on different zones of the disk. It is used by
switching a separate write current adjust resistorin and
out on the WCADJ pin or by connecting a DAC to that
pin to sink a controllable amount of current. The
WCADJ pin is nominally biased to VCC/2. Sinking
current from this pin to ground will divert a proportional
amount of current from the actual head current while
maintaining a constant current through the WC resistor
and VCC. Allowing WCADJto float or pulling it high will
cut off the circuit and it will have no effect. A TTL gate
can be used as a switch with a small degradation in
accuracy. The amount of write current decrease is
shown below:

Iw head (decrease) (mA) =
where:

Vweapy = VCC/2 (volts)
Rwcapy = write current adjust setting resistor (kQ2)

(29 « Vwcapy/Rwceand)

Example: For a 7.25 mA head current decrease,
Rwcapy = (27 + 2.5) / 7.25 = 10 kQ
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POWER SUPPLY FAULT PROTECTION

A voltage fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup regardless of mode. Note
that WUS does not necessarily turn on to flag a power
supply fault condition.

HEAD SHORT TO GROUND PROTECTION

The SSI 32R2028R provides a head short to ground
protection circuit in any mode. In Idle or Read Mode,
current out of the head port will not exceed 20 mAif any
head is shorted to ground. In Write mode, if any head
is shorted to ground (regardless if it is selected or not)
the write current generator will turn off, the WUS flag
will go high, and current will be limited to less than 1 mA
out of the head port.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WD frequency too low

Device in Read mode

Chip disabled

No head current

Head opened

Head short to ground

To insure proper WUS operation, the product of write
current, WD frequency, and head inductance should
be less than 500 mA«<uH+MHz. To insure no false WUS

trigger, the product of head current and head resis-
tance (Ix,y*Rh) should be between 100 mV and 1.7V.

WD frequency too low is detected if the WD fre-
quency falls below 500 kHz (typ). Consult the WUS
Safe to Unsafe timing for range of frequency detection.

Device in Read mode and Chip dlsabled will flag
WUS if R/W is high or CS is high.

No head current will flag WUS if Rwc =« and the
selected head is present.

Head opened will flag WUS if Rh = « and under the
condition that VCC/Iw < 0.25 V/mA.

Head short to ground is described in the preceding
paragraph.
Upon entering Write mode, WUS is valid after two

transitions of WD following the required Read-Write
transition time (0.6 ps max).




SSI 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

CIRCUIT OPERATION (continued)

READ MODE

The Read mode configures the SSI 32R2028R as a low
noise differential amplifier and deactivates the write
current generator. The damping resistor is switched
out of the circuit allowing a high impedance input to the
read amplifier. The RDX and RDY output are driven by
emitter followers. They should be AC coupled to the
load. The (X,Y) inputs are non-inverting to the (X,Y)
outputs.

Note that in idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-

ELECTRICAL SPECIFVICATIONS

pedance. This facilitates multiple R/W applications
(wired-OR .RDX, RDY) and minimizes voltage drifts
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE

Taking CS high selects the Idle mode which switches
the RDXand RDY outputs into a high impedance state
and deactivates the device. Powerconsumptioninthis
mode is held to a minimum.

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3t0 +6 VDC
VCC2 -0.3t0 +6 VDC
Write Current w 60 mA
Digital Input Voltage Vin -0.3t0 VCC1 +0.3 VDC
Head Port Voltage VH -0.3to VCC2 +0.3 VDC
Output Current: RDX, RDY 10 -6 mA
wWus +8 mA
Storage Temperature Tstg -65 to +150 °C
RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage VCC1 =VCC2 5+10% vDC
Operating Junction Temperature Tj +25t0 +135 °C
Recommended Head Load Range Lh 03-5.0 uH
DC CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC1 Supply Current Read Mode 18 25 mA
Write Mode 22 29 mA
Idle Mode 0.6 0.9 mA
VCC2 Supply Current Read Mode 8 11 | mA
Write Mode 4+lw | 7+w | mA
Idle Mode 0 0.2 mA
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SSI 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

DC CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Power Dissipation Read Mode 130 200 mw
Write Mode 130 +4 Iw[200 +4.3lw| mW
Idle Mode 3 5 mw
VCC1 Fault Voltage Iw < 0.2 mA 3.5 3.9 4.2 VDC
DIGITAL INPUTS
Input Low voltage (Vil) 0.8 VvDC
HSX, CS, RIW
Input High Voltage (Vil) 2.0 vDC
HSX, CS, RIW
Input Low Current, HSX, CS,RW | Vil=0.8V -0.4 mA
Input High Current, HSX, CS, RW | Vih = 2.0V 100 pA
WD, WD Input Low Current Vil = VCC - 1.75V 70 100 pA
WD, WD Input High Current Vih = VCC - 0.75V 85 125 pA
WD, WD Input Low Voltage Vil Vee Vce - VvDC
-1.870 1.625
WD, WD Input High Voltage Vih Vec - Vce - vDC
1.50 0.5
WUS Output Low Voltage (Vol) lol =2 mA max 0.5 VDC
WRITE CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.
Write Current Constant “K” 0.99
Write Current Voltage (Vwc) 1.15 1.25 1.35 \
WCADJ Voltage Iwcaps = 0to .5 mA 2.0 VCC/2 3.0 VvDC
Ihead(Decrease)/lwcaby 23 27 31 mA/mA
Iwcabs Range 0.0 0.5 mA
Differential Head Voltage Swing 4.2 5.6 Vpp
Open Head, Iw = 20 mA 3.4 5.0
Unselected Head Current 1 mA (pk)
Head Differential Damping ’
Resistance (Rd) 320 Q
WD Pulse Width Vil > 0.2V PWH 10 . ns
PWL 5 ns
Write Current Range (Iw) 5 . 35 mA
Head Differential Load
Capacitance 25 pF
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SSI 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,

RL (RDX, RDY) = 1 kQ.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential Voltage Gain Vin =1 mVpp @1 MHz 250 300 350 VIV
Voltage BW -1dB | |Zs| <5Q, Vin =1 mVpp 20 MHz
-3dB | |Zs| <5Q, Vin=1 mVpp 40 45 MHz

Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.56 0.75 |nVAHz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz 16 22 pF
Differential Input Resistance Vin=1mVpp, f =5 MHz 720 1200 Q
Dynamic Range AC input voltage where gain

falls to 90% of its small signal

gain value, f = 5MHz 2 mVpp
Common Mode Rejection Ratio Vin =0 VDC + 100 mVpp

@ 5 MHz 55 dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 50 dB
Channel Separation Unselected channels driven

with Vin = 0 VDC + 100 mVpp 55 dB
Output Offset Voltage +300 mV
Single Ended Output Resistance | f =5 MHz 50 Q
Output Current AC coupled load, RDXto RDY | 0.9 mA
RDX, RDY Common Mode
Output Voltage 0.4 VCC| VCC/2 |0.6 VCC| VDC

SWITCHING CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. IW =20 mA, Lh = 1.0 uH, Rh = 30Q

f(Data) = 5 MHz.

R/W  Read to Write R/W to 90% of write current 0.1 0.6
Write to Read R/W to 90% of
100 mV Read signal envelope 0.1 0.6
CS  Unselect to Select CS to 90% of write current or
to 90% of 100 mV 10 MHz 0.2 1 us
Select to Unselect CS to 10% of write current 0.11 0.6 us
HSO0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.11 0.6
WUS: Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6
transitions. Defines maximum
WD period for WUS operation
Unsafe to Safe (TD2) Fault cleared, from first neg 0.1 0.6 us
WDI transition
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SSI 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

SWITCHING CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified. IW =20 mA, Lh= 1.0 uH, Rh =30Q

PARAMETER CONDITIONS MIN NOM MAX UNIT
Head Current:
WD to Ix - ly (TD3) from 50% points, Lh =0, Rh =0 8 12 ns
Asymmetry WDI has 1 ns rise/fall time,
Lh=0,Rh=0 1.0 ns
Rise/fall Time 10% to 90% points, Lh=0,Rh =0 4 6 ns
Rise/fall Time Lh =1 pH, Rh =30Q 15 ns
WD - WD l \
WUS
D3
HEAD
CURRENT \ / \ ) / \ /
(Ix - ly)
7/

FIGURE 1: Write Mode Timing Diagram
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SSI 32R2028R
5V, 10-Channel
Thin-Film Read/Write Device

PACKAGE PIN DESIGNATIONS

(Top View)
Hox [ 1 36 [___]aND
Hoy [ |2 35 [ ] Hs3
HIX |3 [ ]Ts
HY [ |4 38 |1RW
Hx [_|'s 2 Jwe
HY [ ]s 31 [ ]Roy
Hax [ |7 30 [ ] RDX
Hay [ 20 [ ] Hso
Hax [ |9 R 2 ] Hst
Channels
HeY [ 10 27 [ JHs2
Hsx [ 1 26 [ ] vcer
HeY [ 12 25 Jwp
Hex [ |13 24 WD
Hey [ | 14 23 [ Jwus
H?X [ | 15 22 [ ] wcaby
HrY | 18 21 [ veez
Hex [ | 17 20 [ ] Hay
Hey [ | 18 19 [ Hox
36-Lead SOM

CAUTION: Use handling procedures necessary
for a static sensitive component.

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for
final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

Patent Pending 1293 - rev.
©1993 Silicon Systems, Inc.
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SSI 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

DESCRIPTION

The SSI 32R2030A/2031A are bipolar monolithic inte-
grated circuits designed for use with two-terminal thin-
film recording heads. They provide a low noise read
amplifier, write current control, and data protection
circuitry for up to four channels. The SSI 32R2030AR/
2031AR option provides internal 700Q damping resis-
tors. Power supply fault protection is’ provided by
disabling the write current generator during power
sequencing. System write to read recovery time is
significantly improved by controlling the read channel
common mode output voltage shift in the write mode.
The 32R2031A option provides for an additional fea-
ture providing the user with a controllable write current
adjustment feature.

The SSI 32R2030A/2031A require only +5V power
supplies and are available in a variety of packages.

January 1994
FEATURES

* 5V+10%
* Low power
= PD = 175 mW read mode (Nom)
* High Performance:
= Read mode gain = 250 V/V
= Input noise = 0.85 nV/YHz max
= Input capacitance =35 pF max
= Write current range = 10-35 mA

* Designed for two-terminal thin-film heads or
MIG heads up to 5 pH

* Programmable write current source

* Write unsafe detection

* Enhanced system write to read recovery time
* Power supply fault protection

* Head short to ground protection

AW O}

cs

RDX
RDY

Hso

HS1

0194 - rev.

BLOCK DIAGRAM

veet GND veez

WRITE T
UNSAFE REFERENCE
DETECTOR | VOLTAGE [

READ

PREAMPS - [
AND WRITE
CURRENT
SWITCHES
(X4)

PIN DIAGRAM
GND [] 1 20 gzsg
Hox [] 2 19 [] RW
] Hox © Hov []s 18 [] we
T HiX [] 4 17 [] ROY

H1Y [] 5 3opo030a 16 |[] RDX
4

(1 HiIX H2x [| 6  channels 15 [] Hso
H1Y
’ Hay [} 7 14 [] Hs1
H3x [] 8 13 [] veel
b e Hay [] o 12 [] wol
o Hey veez [ 10 11 {] wus
20-PIN SOL

(] Hax
] Hay

1t 11

we WCADJ

CAUTION: Use handling procedures necessary
for a static sensitive component.

WCADVJ available on the 32R2031A 24-pin option only




SSI1 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

CIRCUIT OPERATION

The SSI 32R2030A/2031A has the ability to address up to 4 two-terminal thin-film heads and provide write drive
or read amplification. Head selection and mode control are described in Tables 2 and 3. The TTL inputs R/W and
CS have internal pull-up resistors to prevent an accidental write condition. HS0, and HS1 have internal pulldowns.
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode.

TABLE 1: Mode Select TABLE 2: Head Select
CS RW Mode HS1 HSO Head
0 0 Write . 0 ] 0
0 1 Read 0 1 1
1 0 Idle 1 0 5
1 1 Idle 1 1 3

PIN DESCRIPTION

NAME TYPE DESCRIPTION

HSO0, HS1 1 Head Select: selects one of four heads

CS 1 Chip Select: a high inhibits the chip

RW | Read/Write : a high selects Read mode

WUS o Write Unsafe: a high indicates an unsafe writing condition

WDI | Write Data In: changes the direction of the current in the recording head
HOX - H7X; ‘

HOY - H7Y 110 X, Y Head Connections _

RDX, RDY t (0] X, Y Read Data: differential read data output

WC t Write Current: used to set the magnitude of the write current

WCADJ* t Write Current Adjust: Usedto decrease the write current by a finite amount
VCC1 ! +5V Supply ’

VCC2 | +5V Supply for Write current drivers

GND [ Ground

*Available on 32R2031A 24-pin option only

t These signals can be wire OR'ed
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SSI 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

WRITE MODE

Taking both CS and R/W low selects write mode which
configures the SSI 32R2030A/2031A as a current
switch and activates the Write Unsafe (WUS) detector
circuitry. Head current is toggled betweenthe X and Y
side of the selected head on each high to low transition
of the Write Data Input (WDI). The WDI input pulse
width requirement is amplitude dependent and pull ups
are recommended at higher data rates, please refer to
the WDl pulse width specifications. Note that apreced-
ing read or idle mode select initializes the Write Data
Flip-Flop to pass write current through the “X” side of
the head. The magnitude of the write current (0-pk) is

given by: W K+VWC
~ RWC

RWC is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

X,y =—W
1+ Rh/Rd
Where:
Rh = Head resistance plus external wire
resistance
Rd = Damping resistance

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WDI frequency too low
«  Device in Read mode
Chip disabled

No write current

Afterfault conditionis removed, one negative transition
on WDI is required to clear WUS.

The 32R2031A adds a feature which allows the userto
adjust the w current by a finite amount. The WCADJ
pinisusedto adjust write current for write operationson
different zones of the disk. It is used by switching a
separate write current adjust resistor in and out on the
WCADJ pin or by connecting a DAC to that pin to sink
a controllable amount of current. The WCADJ pin is
nominally biased to VCC/2. Sinking current from this
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pin to ground will divert a proportional amount of
current from the actual head current while maintaining
a constant current through the WC resistor and VCC.
Allowing WCADJ to float or pulling it high will cut off the
circuit and it will have no effect. For example, if the
nominal head current is set to 30 mA through WC with
WCADJ open, then for a 7.25 mA head current de-
crease, a 10 kQ resistor would be connected from the
WCADJ pinto ground. A TTL gate could be used as a
switch with a small degradation in accuracy. To per-
form the same function, a DAC could be used, by
programming it to sink 0.25 mA from the WCADJ pin.

Iw head (Decrease) = (29 « Vwcaby / Rwcabd)
Where:

VWCADJ = Voltage on WCADJ pin = VCC/2
RWCADJ = Write current adjust setting resistor
VOLTAGE FAULT

Avoltage Fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup regardless of mode.

READ MODE

The Read mode configures the SSI 32R2030A/2031A
as a low noise differential amplifier and deactivates the
write current generator. The RDX and RDY output are
driven by emitter followers. They should be AC coupled
to the load. The (X,Y) inputs are non-inverting to the
(X,Y) outputs.

Note that in Idle or Write mode, the read ampilifier is
deactivated and RDX, RDY outputs become high im-
pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage drifts
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE

Taking CS high selects the idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Powerconsumptioninthis
mode is held to a minimum.




SSI 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3to +7 VDC
VCC2 -0.3to +7 VDC
Write Current w 80 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3VDC
Head Port Voltage VH -0.3to VCC2 +0.3VDC
Output Current: RDX, RDY 10 -10 mA
wuS +12 mA
Storage Temperature Tstg -65to +150°C
RECOMMENDED OPERATING CONDITIONS
PARAMETER RATING
DC Supply Voltage VCC1 5+10% VDC
VCC2 5 £10% VDC
Operating Junction Temperature Tj +25 to +110°C
DC CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
VCC1 Supply Current Read Mode (Vee £5%) 23 28 33 mA
(Vee £10%) 19 28 37 mA
Write Mode (Vee £5%) 21 24 27 mA
(Vee £10%) 17 24 31 mA
*Head Select Pins *Idle Mode (Vee £5%) 6 9 12 mA
(HS0, HS1) Floating (Vee £10%) 4 9 14 mA
VCC2 Supply Current Read Mode (Vee £5%) 5 8 11 mA
B (Vee £10%) 4 8 12 mA
Write Mode . (Vce £5%) 6 8+Iw | 10+ 1w mA
(Vec£10%) | 5 8+lw | 11+1w mA
Idle Mode (Ve £5%) 01 | 02 0.4 mA
(Vee £10%) 0.1 0.2 0.5 mA
Power Dissipation Read Mode (Vee £5%) 175 230 mw
(Veec £10%) 270 mw
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SSI 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

DC CHARACTERISTICS (Continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Power Dissipation (Continued) Write Mode (Vee £5%) 150 + 4Iw|190 + 4lw mw
(Vee £10%) 230 + mw
. 4.4lw
Idle Mode (Vee £5%) 50 65 mw
{(Vce £10%) 80 mwW
VCC1 Fault Voltage IW<0.2mA 3.8 4.0 4.2 vDC
DIGITAL INPUTS
Input Low voltage (VIL) 0.8 vDC
Input High Voltage (VIH) 2.0 VvDC
Input Low Current ViL=0.8V -0.4 mA
Input High Current VIH = 2.0V 100 HA
WUS Output Low Voltage (VOL) | lol =2 mA max 05 vDC
WRITE CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified.
Write Current Constant “K” 0.96 0.99
Write Current Voltage (VWC) 1.15 1.25 1.35 Vv
WCADJ Voltage
SS132R2031A/2031AR Iwcaps = 0 to .5 mA 2.0 | vCCr2 3.0 vDC
lhead(Decrease)/lwcabJ
SSI 32R2031A/2031AR 26 29 32 mA/mA
lwcabs Range
SSI 32R2031A/2031AR 0.0 0.5 mA
Differential Head Voltage Swing Ih (p-p) * Rh not to exceed
’ 3.4V (Head Swing Min) 3.4 Vpp
Unselected Head Current 0.021w | mApk
Head Differential Load
Capacitance 25 pF
Head Differential Load SSI 32R2030A/32R2031A 4K Q
Resistance (Rd) SS1 32R2030AR/32R2031AR | 560 700 950 Q
WDI Pulse Width Vil= 0.2V, Vih=2.4V PWH 37 ns
(Ref: Figure 1) PWL 5 ns
Vil=0.2V,Vih=VCC PWH 20 ns
PWL 5 ns
Write Current Range (1W) 10 35 mA




SSI 32R2030A/2031A

5V, 2, 4-Channel Thin-Film

Read/Write Device

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,

RL (RDX, RDY) = 1 kQ.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential Voltage Gain Vin =1 mVpp @1 MHz 200 250 300 VN
Voltage BW -1dB |Zs| <5Q, Vin =1 mVpp 20 60 MHz
-3dB 35 70 MHz

Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.6 0.85 nVAHz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz 27 35 pF
Differential Input Resistance Vin =1 mVpp, f =5 MHz

SSI 32R2030A/2031A 835 2600 Q

SS1 32R2030AR/2031AR 360 550 Q
Dynamic Range AC input voltage where gain

falls to 90% of its small signal

gain value, f =5 MHz 3 6 mVpp
Common Mode Rejection Ratio Vin =0 VDC + 100 mVpp )

@ 5 MHz 45 80 dB
Power Supply Rejection Ratio 100. mVpp @ 5 MHz on VCC 40 70 dB
Channel Separation Unselected channels driven

with Vin=0VDC + 100 mVpp | 45 dB
QOutput Offset Voltage -300 +300 mV
Single Ended Output Resistance | f =5MHz 40 Q
Output Current AC coupled load, RDXto RDY| 1.4 mA
RDX, RDY Common Mode
Output Voltage 2.0 |VCCi/2] 35 vDC




SSI 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

SWITCHING CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified. IW =20 mA, Lh= 1.0 uH, Rh =30Q
f(Data) =5 MHz.

PARAMETER CONDITIONS MIN NOM MAX UNIT
RW  Read to Write R/W to 90% of write current 0.1 1.0 us
Write to Read R/W to 90% of
100 mV Read signal envelope 0.5 1.0 us
CS  Unselect to Select CS to 90% of write current or
to 90% of 100 mV 10 MHz 0.4 1.0 us
Select to Unselect CS to 10% of write current 0.4 1.0 us
HS0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.2 1.0 us
WUS: Safe to Unsafe (TD1) Write mode, loss of WDI

transitions. Defines maximum
WDI period for WUS operation| 0.6 2.0 3.6

Unsafe to Safe (TD2) Fault cleared from first neg
WDI transition 0.2 1.0
Head Current: Lh=0,Rh=0
WDl to Ix - ly (TD3) from 50% points 20 32 ns
Asymmetry WDI has 1 ns rise/fall time 1.0 ns
Rise/fall Time 10% to 90% points 6 12 ns

N

~

PWL
o e ,
woi [ \ / \ / \ / \ /
PWH D1 TD2
/ /[
wus / 24 \
—p TD3

HEAD
CURRENT
(Ix - ly) \ / \ / /[ / \ /

’/

FIGURE 1: Write Mode Timing Diagram



SSI 32R2030A/2031A
5V, 2, 4-Channel Thin-Film
Read/Write Device

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030AR/2031AR

Case 1: IC Base sheet resistance = Maximum
Hence, IC bias Current = Minimum

Tj=25°C Tj=110°C Units
Vn (Max) 7 0.85 nVAHz
Rin (Min) 450 475 Q
Cin (Max) 28 30 pF

Case 2: [IC Base sheet resistance = Minimum

Hence, IC bias Current = Maximum

Tj=25°C Tj=110°C Units
Vn (Max) 58 .65 nVAVHz
Rin (Min) 360 400 Q
Cin (Max) 33 35 pF

Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030A/2031A

Case 1: IC Base sheet resistance = Maximum
Hence, IC bias Current = Minimum

Tj = 25°C Tj=110°C Units
Vn (Max) 7 0.85 nVAVHz
Rin (Min) 1525 1895 Q
Cin (Max) 28 30 pF

Case 2: IC Base sheet resistance = Minimum

Hence, IC bias Current = Maximum

Tj=25°C Tj=110°C Units
Vn (Max) 58 65 nVAHz
Rin (Min) 835 1100 Q
Cin (Max) 33 35 pF




SSI 32R2030A/2031A

5V, 2, 4-Channel Thin-Film
Read/Write Device

PACKAGE PIN DESIGNATIONS

(Top View)
GND [ 1 24 []TS
ano [ 1 whcs ne [l 2 23 [] RW
Hox [] 2 10 [] mW Hox [] 3 22 [] NnC
Hov [] 4 21 [] wcaDd
GND [] 1 16 [] T8 Hoy ] 3 18 [] we 0 :
HIX [] 5 20 {J we
Hoxﬁ 2 15 [1 RW HIX [] 4 17 [] rOY
h rox H1Y E 6 32R24031A 19 [] ROY
HIY [] 5 16 [] RD
Hoy [] 3 14 :IWC E 32R24°3°A HZXE 7 Chamels 18 [ RDX
HiX[] 4 32R2030A 13 [] RDY HeX [ 6 channels 15 [] HSo vy [ 8 17 [ vso
2
HIY[| 5 Channels 12 [] RDX Hey [} 7 14 [] Hst Hox [ 9 16 [] st
veea[] 6 11 [] Hso Hox [] 8 to J veer Hav [] 10 15 [] veet
ne (] 7 10 ] veer Hov [ 9 12 [1 wol Ne [ 11 14 [J woi
wus [| 8 g [] wol vecz [J 10 1 [ wus veez [] 12 13 [] wus
16-Pin SOL 20-Pin SOL, SOV 24-Pin SOL, SOV
THERMAL CHARACTERISTICS: 6ja
16-Pin SOL 105°C/W
20-Pin SOL 95°C/W
20-Pin SOV 125°C/W
24-Pin SOL 80°C/W
ORDERING INFORMATION
PART DESCRIPTION ORDER NUMBER PACKAGE MARK
SS1.32R2030A
16-Pin SOL 32R2030A-2CL 32R2030A-2CL
20-Pin SOL 32R2030A-4CL 32R2030A-4CL
20-Pin SOV 32R2030A-4CV 32R2030A-4CV
SS1 32R2031A
24-Pin SOL 32R2031A-4CL 32R2031A-4CL
24-Pin SOV 32R2031A-4CV 32R2031A-4CV

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting fromits use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

0194 - rev.
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A TDK Group Company

SSI 32R2041RW
4, 6-Channel, Two-Terminal
Read/Write Device

Advance Information

DESCRIPTION

The SSI 32R2041RW Read/Write device is a bipolar
monolithic integrated circuit designed for use with two-
terminal thin-film recording heads. It provides a low
noise read amplifier, write current control and data
protection circuitry for up to 6 channels. Power supply
fault protection is provided by disabling the write cur-
rent generator during power sequencing. System write
to read recovery time is significantly improved by
controlling the read channel common mode output
voltage shift in the write mode. The SSI 32R2041RW
requires +5V and +12V power supplies, and provides
internal 700Q2 damping resitors.

December 1993
FEATURES

¢ High performance:

Read mode gain = 250 V/V

Input noise = 0.80 nV/VHz max.

Input capacitance = 22 pF max.

Write current range = 10 mA to 40 mA
Head voltage swing =7 Vpp

Write current rise time =9 ns

Enhanced system write to read recovery time
Differential ECL-like Write Data input

Power supply fault protection

Write unsafe detection

+5V, +12V power supplies

BLOCK DIAGRAM

PIN DIAGRAM

RW
]
RDX e i
| MULTIPLEXER [T
RDY ::
wD - . 4
~ T WRUTE
DRIVER
o] WRITE |
| soumce |
e |
HSO
HSt
HS2
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Hox [1 1 36 [] GND

Hoy [] 2 35 [INC
Hox Hix [] 3 34 []TS
HoY HIY [] 4 33 [JRW
x H2Xx [] 5 32 [jwec

Hay [| 6 31 {1 RDY
H1Y

H3x [] 7 30 [] RDX
e Hay [] 8 29 [JHso
Hay Hax [] o 28 []Hs1
Hax Hay [] 10 27 [JHS2
vay Hsx [] 11 26 [Jvce

Hsy ] 12 25 []wD
H4axX

NC [ 13 24 JWD
HaY Ne [ 14 23 [Jwus
HSX NC 1 15 22 []voD
HSY Ne [] 16 21 [INC

Ne [ 17 20 [INC

Ne ] 18 19 [INC

36-LEAD SOM
6-Channel

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI1 32R2041RW
4, 6-Channel, Two-Terminal
Read/Write Device

CIRCUIT OPERATION

The SSI 32R2041RW addresses up to 6 two-terminal
thin film heads providing write drive or read amplifica-
tion. Head selection and mode controlis accomplished
with pins HSn, CS and R/W, as shownin Tables 1 & 2.
Internal resistor pullups, provided on pins CS and RW
willforce the device into a non-writing condition if either
control line is opened accidentally.

WRITE MODE

The write mode configures the SSI 32R2041RW as a
current switch and activates the Write Unsafe (WUS)
detection circuitry. Write current is toggled between
the X and Y direction of the selected head on each low
to high transition on the WD, Write Data input. (See
figure 1.)

A preceding read operation initializes the Write Data
Flip Flop (WDFF) to pass write current in the X-
direction of the head, i.e., into the X-port of the head.
HnX will be biased higher than HnY.

The magnitude of the write current (0-pk) is given by:

Vwe

Iw=——

Rwc
where Vwc (WC pin voltage) = 1.65V £ 5%, is pro-
grammed by an external resistor Rwc, connected from
pin WC to ground. In multiple device applications, a
single Rwc resistor may be made common to all de-

vices. The actual head current Ix, y is given by:

Iw

IX,y=————
1+Rh/Rd

where:
Rh = head resistance + external wire resistance, and
Rd = damping resistance.

Power supply fault protection improves data security
by disabling the write current generator during a volt-
age faultor power supply sequencing. Additionally, the
write unsafe detection circuitry will flag any of the
conditions listed below as a high ievel on the open
collector output pin, WUS. Up to two positive transi-
tions on the WD, Write Data input line, after the fault is
corrected, are required to clear the WUS flag.

= Device in read mode
» No write current

» WD frequency too low
+ Device not selected
+ Open head

READ MODE

The read mode configures the SSI 32R2041RW as a
low noise differential amplifier and deactivates the
write current generator and write unsafe detection
circuitry. The RDX and RDY outputs are emitter
followers and are in phase with the "X" and "Y" head
ports. These outputs should be AC coupledto the load.
The RDX, RDY common mode voltage is maintained at
the write mode value, minimizing the transient between
write mode and read mode, substantially reducing the
write to read recovery time in the subsequent Pulse
Detection circuitry.

IDLE MODE

The idle mode deactivates the internal write current
generator, the write unsafe detector and switches the
RDX, RDY outputs into a high impedance state. This
facilitates multiple device applications by enabling the
read outputs to be wire-OR’ed and the write current
programming resistor to be common to all devices.

TABLE 1: Mode Select

[ R'W MODE
0 0 Write
0 1 Read
1 0 Idle
1 1 Idle
TABLE 2: Head Select*
HS2 HS1 HSO0 HEAD
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
0 = Low level 1 = High level

*Unused heads should be left open.
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SSI 32R2041RW
4, 6-Channel, Two-Terminal
Read/Write Device

PIN DESCRIPTION

NAME TYPE DESCRIPTION

HSO - HS2 i Head Select

CS | Chip Select: a low level enables the device

RW | Read/Write: a high level selects Read mode

WUS o* Write Unsafe: Open collector output, a high level indicates an unsafe writing
condition

WD, WD ! Differential Write Data inputs: a positive transition on WD toggles the direction
of the head current

HOX - H5X 110 X, Y Head Connections: Current in the X-direction flows into the X-port

HOY - H5Y

RDX, RDY o* X, Y Read Data: differential read data output

WC * Write Current: used to set the magnitude of the write current

vCC _ - +5V Logic Circuit Supply

VDD - +12V

GND - Ground

*When more than one R/W device is used, these signals can be wire OR’ed.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation outside these rating limits may permanently damage the device.
PARAMETER SYMBOL RATING
DC Supply Voltage VDD -0.3t0 +13.5VDC
VCC -0.3to +6 VDC

Write Current lw 100 mA
Digital Input Voltage Vin -0.3to VCC +0.3 VDC
Head Port Voltage VH -0.3t0 48 VDC
Differential Port Voltage |HnX - HnY| AVH 6 VDC
WUS Pin Voltage Range Vwus -0.3to VCC VDC
Output Current RDX, RDY lo - -10 mA

Wus lwus +12 mA
Storage Temperature Tstg -65 to +150°C
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SSI 32R2041RW
4, 6-Channel, Two-Terminal
Read/Write Device

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL RATING
DC Supply Voltage VDD 12+ 10% VDC
VvCC 5+ 10% VDC

Operating Temperature Tj +25 to +135°C

DC CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply.

PARAMETER ' CONDITIONS MIN | NOM MAX | UNITS

VDD Supply Current Read Mode - 36 44 mA
Write Mode - 25+1w| 29 + lw mA
idle Mode - 3.5 4 mA

VCC Supply Current Read Mode - 22 29 mA
Write Mode - 14 18 mA
Idle Mode - 9 115 mA

Power Dissipation (Tj = +135°C) Read Mode - 540 740 mwW
Write Mode - |370+10.354w| 490 +11.6w| MW
Idle Mode - 87 115 mwW

WD, WD Input Low Current (lIL1) VIL1 = VCC -1.625V 80 HA

WD, WD Input High Current (1IH1) VIH1 = VCC -0.72V , 100 pA

WD, WD Input Low Voltage (VIL1) vCcC vCC vDC

-1.870] - -1.625
WD, WD Input High Voltage (VIH1) ' VCC VCC | VDC
-1.00 -0.720

R/W, CS, HS0-HS2 ViL2 = 0.8V 0.4 mA

Input Low Current (lIL2)

R/W, CS, HS0-HS2 VIH2 = 2.0V 100 pA

Input High Current (11H2)

R/W, CS, HS0-HS2 ' 0.8 vDC

Input Low Voltage (VIL2)

R/W, CS, HS0-HS2 2.0 VvDC

Input High Voltage (VIH2)

WUS Output Low Voltage (VOL) lol = 4 mA - - 0.5 VvDC

VDD Fault Voltage 9.0 - 10.3 vDC

VCC Fault Voltage 35 - 4.2 VDC




SSI| 32R2041RW
4, 6-Channel, Two-Terminal
Read/Write Device

DC CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS

Head Current (HnX, HnY) Write Mode, -200 - +200 pA
0<VCC<3.5V ,
0<VDD<9.0v

Read/ldle Mode, -200 - +200 pA
0<VCC<55V
0<VDD<13.2V

WRITE CHARACTERISTICS
Unless otherwise specified, recommended operating conditions apply, lw =20 mA, Lh =500 nH, Rh = 30Q
and f(WD) = 5 MHz.

1 WC Pin Voltage (Vwc) 1.57 1.65 1.73 v
Differential Head Voltage Swing 7 - - Vpp
Unselected Head Current - - 1 mA(pk)
Differential Output Capacitance - - 25 pF
Differential Output Resistance 500 700 950 Q
WDI Transition Frequency WUS = low 1.7 - - MHz

| WUS = high - - 500 kHz
Write Current Range : 10 - 40 mA
READ CHARACTERISTICS

Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and
RL (RDX,RDY) = 1 kQ.

PARAMETER CONDITIONS MIN |NOM| MAX| UNITS
Differential Voltage Gain Vin=1mVpp @ 300 kHz 210 | 250 | 290 | VNV
Bandwidth -1dB | |Zs|<5Q, Vin=1 mVpp 35 45 - MHz
-3dB | |Zs|<5Q, Vin=1 mVpp 50 | 65 - MHz
Input Noise Voltage BW =15MHz,Lh=0,Rh=0 - 0.57 | 0.80 | nvAHz
Differential Input Capacitance Vin =1 mVpp, f =5 MHz - 15 22 pF
Differential Input Resistance Vin=1mVpp, f =5 MHz 300 | 565 - Q
Dynamic Range ' Peak-to-peak AC input voltage 2.0 - - mVpp

where gain falls to 90% of its
small signal value, f =5 MHz

Common Mode Rejection Ratio Vem =100 mVpp AC Coupled @ 5 MHz| 54 - - dB

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD 54 - - dB
100 mVpp @ 5 MHz on VCC

Channel Separation Unselected channels driven 45 - - dB
with 100 mVpp @ 5 MHz,
Vin = 0 mVpp
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SSI1 32R2041RW

4, 6-Channel, Two-Terminal

Read/Write Device

READ CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX | UNITS

Output Offset Voltage -400 - +400 mvV

RDX, RDY Common Mode Read Mode 23 2.9 3.5 VvDC

Qutput Voltage

Single Ended Output Resistance f=5MHz - - 50 Q

Output Current AC Coupled Load, 3.2 - - mA
RDX to RDY

SWITCHING CHARACTERISTICS (See Figure 1)
Unless otherwise specified, recommended operating conditions apply, Iw = 20 mA, Lh =500 nH, Rh = 30Q

and f(WD) = 5 MHz.

RW

Rh=35Q

R/W to Write Mode Delay to 90% of write - 0.2 0.6 us
current
R/W to Read Mode Delay to 90% of 100 mV - 0.3 0.6 us
10 MHz Read signal
envelope or to 90% decay
of write current
CcS
CS to Select Delay to 90% of write - 0.3 0.6 us
current or to 90% of
100 mV 10 MHz Read
signal envelope
CS to Unselect Delay to 10% of write - 0.2 0.6 us
current
HSn
HSO, 1, 2 to any Head Delay to 90% of 100 mV - 0.1 0.4 us
10 MHz Read signal
envelope
WUus ;
Safe to Unsafe - TD1 - 0.6 2.0 us
Unsafe to Safe - TD2 - - 1 us
Head Current :
Prop. Delay - TD3 From 50% points, Lh=0 pH,| - - 32 ns
Rh=0Q =
Asymmetry WD has 50% duty cycle - - 05 ns
and 1ns rise/fall time,
Lh=0 ph, Rh=0Q
Rise/Fall Time 10% - 90% points, Lh=0 pH,| - - 5 ns
; Rh=0Q
Rise/Fall Time 10% - 90% points, Lh=1 pH,| - 9 - ns
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SSI 32R2041RW
4, 6-Channel, Two-Terminal
Read/Write Device

(WD - WD) N
le— TD2 -—->| D1
WUS_ \
— T3
HEAD N
e e .
FIGURE 1: Write Mode Timing Diagram

PACKAGE PIN DESIGNATIONS ne 1 24 [] GND Hox [] 1 36 []GND
(Top View) ne [ 2 23 ] TS Hoy [ 2 3 fINC
HoX [] 3 22 [JRW HIX [] 3 34 [1TS
H1Y [] 4 33 []RW
THERMAL CHARACTERISTICS*: 6ja Hov [ 4 21 fwe vex O 5 2 fwo

HIX[] 5 20 [] ROY
24-Lead VSOP 110°C/W Wy [ 6 19 [ Rox H2y E ° st I Rov
Hax [ 7 30 [] RDX

24-Lead SOL 80°C/W

- Hex [} 7 18 [ Hso Hay [] 8 29 [] HSO
36-Lead SOM 70°C/W Hay [] 8 17 [J Hst Hax [] 9 28 [] HSt
*Care should be taken not to exceed the Hax [ © 16 [lvee Hay [} 10 27 [ Hs2
maximum junction temperature. For ex- Hay [} 10 15 [JwWD Hsx [] 11 26 [Jvce
ample, on the 24-Lead VSOP, at a write Nne [ 1 14 [JWD Hsy [ 12 25 [Jwp
current of 25 mA, the maximum ambient NG [ 13 24 WD

temperature should not exceed 50°C. voD [] 12 13 [Jwus
NC [ 14 23 [Jwus
24-Lead SOL, VSOP Ne [} 15 22 [1vDD
Nc [] 18 21 [IN/C
NG [ 17 20 1N
NC ] 18 19 [INC

36-Lead SOM
6-Channel

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for
final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting fromits use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

1293 - rev. 3-99 ©1993 Silicon Systems, Inc.
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SSI 32R2063R/64R/65R
stems

Jl&((ﬂfﬁ 5V, 4-Channel Thin Film

A TDK Group JCompany Read/Write Device

Advance Information

October 1993

DESCRIPTION FEATURES

The SSI 32R2063R/64R/65R are Bipolar monolithic  ®  +5V £10% supply

integrated circuits designed for use with two-terminal ¢ | 5w power

recording heads. They provide a low noise read

amplifier, write current control, and data protection - PD =120 mW Read mode (Nom)
circuitry for up to four channels. The SSI 32R2063R - PD = 7 mW Idle (Max)

option provides internal 350Q damping resistors. e High Performance:

Damping resistors are switched in during Write mode .

and switched out during Read mode. The gSI 32R2063/ - Read mode gain = (U) 150, (W) 250 V/V
64/65 option does not provide a damping resistor. - Input noise = 0.56 nV/YHz (Nom)
Power supply fault protection is provided by disabling - Input capacitance = 16 pF (Nom)
the write current generator during power sequencing. - Write current range = 1-35 mA
System write to read recovery time is significantly

improved by making the read channel outputs high - Max write current rise/fall time = 15 nsec
impedance. The device also offers multiple channel (typical head)
“servo bank write” capability to assist in servo writing - Head voltage swing = 3.4 Vpp min

operations. Servo write is selected either with a TTL  «  gepyo bank-write capability

i 2R2063R/32R2064R ith the WUS/SE pi
I(gglg?fgesa;),sa 064R) or with the PN o self switching damping resistance

The SSI 32R2063R/64R/65R require only a +5.0v  —  '/rite unsafe detection

power supply and are available in avariety of packages ~ ®© Power supply fault protection
and gain options. * Head short to ground protection
* Differential ECL-like (32R2063R) or TTL
(32R2064R, 32R2065R) write data inputs

BLOCK DIAGRAM PIN DIAGRAM

vee GND WUS/SE

GND 1 20 TS

HOX 2 19 RW

Hoy [ |3 18] we

HiX [__|a 17 ] Roy

HIY [ |5 32re083 16 ] ROX

READ 5 4
ROY —— o =] HIX

| A HaX 6 Channels 15 ] Hso

] swcies | : Hay 7 14 HS1

— — . Hax : 8 B[] Nne
Hay 9 12 WDl

vce 10 1" ] 3B

20-Lead SOL, VSOP
CAUTION: Use handling procedures necessary

for a static sensiiive component.
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

" CIRCUIT OPERATION

The SSI32R2063R/64R/65R has the ability to address up to 4 two-terminal heads and provide write drive or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W, CSand
SE have internal pull-up resistors to prevent an accidental write condition. HS0 and HS1 have internal
pulldown(W)/Internal pull up (U) resistors. Internal clamp circuitry will protect the IC from a head short to ground
condition in any mode.

TABLE 1a: Mode Select (32R2063R, 32R2064R)

CS R/W SE Mode

Single Channel Write. See Table 2.
Servo Write Channels 0, 1, 2, 3
Single Channel Read. See Table 2.
Idle.

“lolo|o
X| =l ol
X| X| o =

TABLE 1b: Mode Select (32R2065R)

CS R/W WUS/SE| Mode
0 0 * Single Channel Write. See Table 2.
0 0 Vce+1.5* | Servo Write Channels 0, 1,2, 3
0 1 X Single Channel Read. See Table 2.
1 X X Idle.

*WUS/SE functions as WUS in Write Mode unless it is pulled above Vcc.

TABLE 2: Head Select

HS1 HSO0 Head
0 0 0
0 1 1
1 0 2
1 1 3
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI 32R2063R/64R/65R as a current
switch and activates the Write Unsafe (WUS) detector
circuitry. On the 32R2063R, head current is toggled
betweenthe Xand Y side of the selected head on each
low to high transition of WD-WD. On the 32R2064R/
65R, head current is toggled betweenthe X and Y side
of the selected head on each high to low transition of
the Write Data Input (WDI). Note that a preceding Read
to Write transition or Idle to Write transition initializes
the Write Data Flip-Flop to pass write current into the
“X" side of the device. Inthis case, the Y side is higher
potential than the X side. The magnitude of the write
current (0-pk) is given by:

where Aw is the write current gain.

RWC is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

|X, y= .——IW__.
1+ Rh/Rd
Where:
Rh = Head resistance plus external wire
resistance

Rd = Damping resistance

In Write mode a 350Q damping resistor is switched in
across the Hx, Hy ports (32R2063R/64R/65R). The
unselected head potential is kept at ground.

SERVO WRITE MODE

Taking SE low and R/W low (32R2063R/64R) or taking
WUS/SEto Vce+1.5(32R2065R) activates Servo Write
mode. This mode allows forwriting to multiple channels
atonce, which is useful during servo formatting. In this
mode, the write driver will drive channels 0, 1,2, and 3
simultaneously.

POWER SUPPLY FAULT PROTECTION

A voltage fault detection circuit improves data security
by disablingthe write currentgeneratorduring a voltage
fault or power startup regardless of mode. Note that
WUS does not necessarily turn on to flag a power
supply fault condition.

HEAD SHORT TO GROUND PROTECTION

The SSI32R2063R/64R/65R provides a head short to
ground protection circuit in any mode. In Idle or Read
Mode, current out of the head port will not exceed 20
mA if any head is shorted to ground. In Write mode, if
any head is shorted to ground (regardless if it is
selected or not) the write current generator will turn off,
the WUS flag will go high, and current will be limited to
less than 1 mA out of the head port.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

e WDI frequency too low

< Device in Read mode

»  Device not selected

= Device in Servo Write mode
*  No head current

e Open head

» Head short to ground

WDl frequency too lowis detected if the WDI frequency
falls below 1.67 MHz (typ). Consult the WUS Safe to
Unsafe timing for range of frequency detection.

Device in Read mode, Device in servo Write mode
and Chip disabled will flag WUS if R/W is high, if SE
is high, or CS is high.

No head current will flag WUS if Rwc = « and the
selected head is present.

Head opened will flag WUS if Rh =«
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

Head short to ground is described in the preceding
paragraph.

Upon entering Write mode, WUS is valid after two low
to high transitions of WD-WD (32R2063RY), or two high
to low transitions of WDI (32R2064R/65R) following
the required Read-Write transition time (0.6 us max).

After the fault condition is removed, two positive
transitions of WD-WD (32R2063R), or two negative
transitions of WDI (32R2064R/65R) are required to
clear WUS.

READ MODE

The Read mode configures the devices as a low noise
differential ampilifier and deactivates the write current
generator. The damping resistor is switched out of the
circuit allowing a high impedance input to the read
amplifier. The RDX and RDY output are driven by

emitter followers. They should be AC coupled to the
load. The HnX, HNY inputs are non-inverting to the
RDX, RDY outputs.

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high
impedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage change
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode. The unselected head potential is
kept at ground.

IDLE MODE

Taking CS high selects the Idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Power consumptioninthis
mode is held to a minimum. The head potential is kept
at ground.
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

PIN DESCRIPTION

CONTROL/STATUS

NAME TYPE | DESCRIPTION

CS | Chip Select Input. A logical low level enables the device.

R/W+ | Read/Write. A logical high level enables Read mode. A logical low level
enables Write mode.

SE | Servo Enable. Alow level enables servo bank Write mode. See Servo Enable
section (32R2063R, 32R2064R).

HS0,HS1 | Head Select. Decoded address selects one of 4 channels. See Table 2.

WUStH o} Write Unsafe. A high level indicates an unsafe writing condition. See WUS
section (32R2064R).

WUS/SEt /6] Write Unsafe/Servo Enable. When in Servo Bank Write mode, pulling this pin
above Vcc enables servo bank write. See Servo Enable section. Otherwise,
a high level indicates an unsafe writing condition. See WUS section
(32R2065R).

wC | Write Current. Sets the write current through the recording head.

HEAD TERMINAL CONNECTIONS

HOX-H3X l X,Y Head Connections

HOY-H3Y

DATA INPUT/OUTPUT

WDIt | Write Data In. A negative transition of WDI changes the direction of current
in the recording head (32R2064R, 32R2065R).

WD, WDt I Differential Write Data In. A positive transition of WD-WD changes the
direction of current in the recording head (32R2063R).

RDX,RDYt (0] Differential Read Data Out. Emitter follower output.

POWER

vceC I +5 V power supply

GND | Ground

1 When more than one Read/Write device is used, signals can be wire OR’ed.
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS

Current maximums are currents with the highest absolute value.

ABSOLUTE MAXIMUM RATINGS
Operation beyond the maximum ratings may damage the device.
PARAMETER RATING
DC Supply Voltage vCC -0.3to 7V
Write Current” w 60 mA
Digital Input Voltage Vin -0.3to VCC+0.3V
Head Port Voltage VH -0.3t0 VCC+0.3V
WUS Pin Voltage Vwus VCC+0.3V
Output Current  RDX,RDY lo -6 mA

WuUS lwus +8 mA
Junction Operating Temperature +135°C
Storage Temperature -65 to +150°C
RECOMMENDED OPERATING CONDITIONS
PARAMETER CONDITIONS
DC Supply Voltage vCcC 51 10%V
Ambient Operating Temperature 0°<Ta<75°C
TEST CONDITIONS
Recommended operating conditions apply.
PARAMETER CONDITIONS
Write Current, Iw 1-35 mA
Head Inductance, Lh 1 uH
Head Resistance, Rh 30Q
WD Frequency 5 MHz

" WD, WD riseffall time (32R2063R) 1ns

WDI rise/fall time (32R2064R/2065R) 1ns

*Maximum servo write current or ambient temperature needs to be regulated to preventthe junctiontemperature

from exceeding 135°C.
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

POWER DISSIPATION
Recommended operating conditions apply.

PARAMETER CONDITIONS MIN NOM | MAX UNIT
VCC Supply Current Read Mode (U) 24 32 mA
(W) 28 38.2 mA
Write Mode  Single Channel (28+lw) | (39+Iw) mA
Servo Write (61+ (83+ mA
4lw) 4lw)
Idle Mode _ 0.7 1.1 mA
Power Dissipation Read Mode 140 209 mw
Write Mode  Single Channel (140+ | (210+ mw
53Iw)| 61w)
Servo Write (305+ | (450+ mwW
20 Iw) | 22.5 lw)
Idle Mode 4 7 mw
DIGITAL INPUTS
Input High Voltage Vih 2.0 VvDC
HSX, CS/, R/W, SE, WDI
Input Low Voltage Vil 0.8 vDC
HSX, CS/, R/W, SE, WDI
Input High Current lih | Vih=2.0V 100 pA
HSX, CS/, R/W, SE, WDI
Input Low Current lil | Vil=0.8V -0.4 mA
HSX, CS/, R/W, SE, WDI
WD, WD/ Input High Voltage Vih Vce-1.0 Vee-05 | VDC
WD, WD/ Input Low Voltage Vil Vih-2.5 Vih-1.0 | VDC
WD-WD/ Input Voltage Difference| 0.5 0.5 1.0 15 \'
WD,WD/ Input High Current Vih = Vcc-0.75V 85 120 A
WD,WD/ Input Low Current Vih = Vce-1.75V 65 100 HA
WUS Output Low Voltage Vol | lol =2 mA max 0.35 0.5 VvDC
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

WRITE CHARACTERISTICS
Test conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Write Current Voltage Vwc 2.4 25 2.6 \Y
Write Current Gain Aw | Ilw=AwsVwc/Rwc 20 \
Write Current Constant “K” Iw = K/Rwc 48.5 50 51.5 \'
Differential Head Voltage Swing Iw =20 mA 4.2 3.6 Vpp
Open Head, Iw = 20 mA 3.4 5.0 Vpp
Head Differential Rd 32R2063R/64R/65R 310 350 390 Q
Load Resistance 32R2063 2400 3000 3600 Q
WD Pulse Width PWH 5 ns
(Write mode) PWL 10 ns
WD Pulse Width PWH ‘ 5 ns
(Servo Write) PWL 20 ns
WD, WD Pulse Width PWH 5 . ns
(Write, Servo Write) PWL 5 ns
32R2063R
Head Current HnX,HnY -200 200 MA
Unselected Head Voltage 0.3 vDC
Unselected Head Current DC 100 HA
VCC Fault Voltage Iw<0.2mA 3.5 4.0 4.2 \
SERVO WRITE CHARACTERISTICS
Write Current Range 5 25 mA
Write Current Matching Between channels +10%
WUS/SE Input Voltage Servo bank write enabled Vec + 1.5 \"
(32R2065R)
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

READ CHARACTERISTICS
Test conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, RL (RDX, RDY) = 1 kQ.
PARAMETER CONDITIONS MIN NOM | MAX UNIT
Differential Voltage Gain Vin =1 mVpp (U) 110 150 190 VIV
@1 MHz (W) | 200 250 300 VIV
Voltage BW -1dB | |Zs| <5Q, Vin=1 mVpp 20 35 MHz
-3dB 45 70 MHz
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.56 0.75 |nVAHz
Input Noise Current 3 pANHz
Differential Input Capacitance Vin =1 mVpp, f=5MHz 16 22 pF
Differential Input Resistance Vin=1mVpp, f =5 MHz
32R2063/64/65 720 1200 Q
Dynamic Range AC input voltage where gain
falls to 90% of its small signal
gain value, f = 5 MHz 2 5 mVpp
Common Mode Rejection Ratio Vin =0 VDC + 100 mVpp
@ 5 MHz 55 dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 50 dB
Channel Separation Unselected channels driven
with Vin = 0 VDC + 100 mVpp 50 dB
Output Offset Voltage Shorted head (U) 150 Av -200 +200 mV
(W) 250 Av -300 +300 mv
Single Ended Output Resistance | f=5MHz 25 50 Q
Output Current AC coupled load, RDXto RDY| 0.9 1.4 mA
RDX, RDY Common Mode
Qutput Voltage 0.4+Vec| 05-Vec|06+Vec| VDC
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SSI1 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

SWITCHING CHARACTERISTICS
Test conditions apply unless otherwise specified.

PARAMETER CONDITIONS MIN NOM MAX UNIT
R/W Read to Write | R/MW to 90% of write current U 0.1 0.3 us
w 0.2 0.6 us
Read to Write | Rh =10, Lh=15puH 0.07 0.15 us
lw=10 mA
Write to Read | R/W to 90% of
100 mV Read signal envelope 0.1 0.6 us
[l Unselect to Select | CS to 90% of 100 mV 10 MHz
Read signal envelope 0.4 1 us
Select to Unselect | CS to 10% of write current 04 1 us
HS0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.2 0.6 us
wus Safe to Unsafe (TD1) | Write mode, loss of WD 0.6 2.0 3.6 us
transitions; Defines max WD
period for WUS operation
Unsafe to Safe (TD2) Fault cleared: from second 0.2 1.0 us
: WD transition
WDI Frequency Range | Valid WUS 1.67 25 MHz
Head Current | Lh=0,Rh=0
WDl to Ix - ly (TD3) | from 50% points 3 10 ns
Asymmetry | WDI has 1 ns rise/fall time 1.0 ns-
Rise/fall Time | 10% to 90% points . .
Iw=15mA,Rh=0,Lh=0 4 6 ns
lw=15mA, Rh=30Q Lh=1pH ' 15 ns
Sl
//
w7 URVAVAVA
PWH D1 TD2
//
s / 7/ \
—p| TD3
HEAD
e N\ /N, [\
(Ix - ly
//

FIGURE 1a: Write Mode Timing Diagram 32R2064R, 32R2065R
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SSI 32R2063R/64R/65R
5V, 4-Channel Thin Film
Read/Write Device

wo-wo \\___/—\;”/_\I‘—/—\ // /—\_/—\__/—\_

44 TD2
//
wus / ’’

— | ™3
HEAD — I

CURRENT U\ /—‘\_/_‘
(%~ ly) Yy

//

FIGURE 1b: Write Mode Timing Diagram 32R2063R

PACKAGE LEAD DES'GNAT'ON CAUTION: Use handling procedures necessary

(Top View) for a static sensitive component.

a0 [ |1 20[ 1 TS eND [ |14 20 13 oeno [t 20 ]S
Hx [ 2 19 ] AW Hox [ ]2 9] AW HXx [__]|2 9] AW
Hoy |3 8] we Hoy [ |3 8] ] we Hy [_|3 18] we
HIX [ |4 17 [ ] moy  HIX [ 7] roy Hix [__|4 17 ] ROy
HIY [ |5 32ro0e3 16 | ] ROX  HIY [ |5 32ro084 16| | RDX HIY : 5 32R2065 16 | | RDX
HX [ s Chamels 15 ] Hso Hx [_|s Chamels 15 ] mHso Hx [__e Ghannels 15 [ ] Hso
Wy |7 1] st owy 7 1w ] w1t Hy |7 14 ] st
Hx [ 13 ] NeC Hax [ |8 13 ] vec Hx [__|8 13 ] vee
HY [ |9 2 1 wo HY [ o 2 ] wor Hy [__]s9 12 ] wol
vee [0 wl__] 3 vee [0 m{__ ] wus vee [0 1 ] wusise
20-Lead SOL, VSOP 20-Lead SOL, VSOP 20-Lead SOL, VSOP

Advanced Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Don not use for
final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

©1993 Silicon Systems, Inc. 3-111 1093 - rev.
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SSI 32R2110R/2111R

10-Channel Two Terminal
Thin-Film Read/Write Device

Advance Information

DESCRIPTION

The SSI 32R2110R/2111R is a BICMOS monolithic
integrated circuit designed for use with two-terminal
recording heads. Itis intended for use in hard disk drive
designs which require data rates exceeding 48 Mbit/s.
It provides a low noise read amplifier, write current
control, and data protection circuitry for 24 channels.
The SSI 32R2110R/2111R provides internal 320Q
damping resistors that are switched in during Write
mode and switched out during Read mode. Power
supply fault protection is provided by disabling the write
current during power sequencing. System write-to-
read recovery time is significantly improved by control-
ling the read channel common mode output voltage
shift in the Write mode. The device provides the user
with a controllable write-current adjustment feature
with a current gain of 25x. The device also provides a
multiple channel "servo bank write" capability which is
useful during servo writing. The 32R2110R has a
differential PECL write-data input, whereas the
32R2111R uses a single-ended TTL pin.

January 1994
FEATURES

* 45V, +12V £10% supply
° Low power
= PD = 235 mW read mode (Nom)
= PD = 12 mW idle (Max)
¢ High Performance:
= Read mode gain = 250 V/V
= Input noise = 0.45 nV/YHz (Nom)
= Input capacitance = 12 pF (Nom)
= Write current range = 10-40 mA
=Max write currentrise/fall time = 7 nsec (typ. head)
= Head voltage swing = 10Vpp (min), 12V typ.
e Servo bank-write capability
* Unselected heads are at GND potential
e Self-switching damping resistance

BLOCK DIAGRAM
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SSI 32R2110R/2111R
10-Channel Two Terminal

Thin-Film Read/Write Device

FEATURES (continued)

* Designed for two-terminal thin-film or MIG

heads with inductance up to 1.0 pH
* Write unsafe detection
* Power supply fault protection
* Head short to ground protection
* Differential ECL-like write data input
* 64-Lead TQFP package

PACKAGE PIN DESIGNATIONS
(Top View)

32R2110R-24
24-CHANNEL

g
I

VoD [
wus [z
wo 3
wo %
vee [®
HS4 (IR
HSa IR
Hs2 )R
HST R
Hso (1%
ROX 1Y
ROY 1%

24-Channel
64-Lead TQFP (PECL input)

CAUTION: Use handling procedures necessary
for a static sensitive component.

H
H
H
H
H
H
H
H
H
H
H
H
Hoy
Hox
Hay
Hex

Hiex [ 1 1 wry
HieY [ 2 47 HIX
HI7X [ 3 461 HeY
HI7ZYy 14 45 ] HeX
Hiex [|s 4471 HsY
HiBY [ 6 43{"] Hsx
Hisx (|7 32R2111R-24 42[7] Hay
wiey ] 8 24-CHANNEL 417 Hex
Hox [0 40[ ] Hay
H2oy |10 39 HaX
Ha1x 11 38 ] Hay
H21Y [ 12 37{77] Hex
Heex 13 36 ] HIY
Ha2y [ j14 35 HIX
H2xX [ 115 347 Hoy
Hasy :L’sn 18 19 20 33):] Hox

24-Channel
64-Lead TQFP (TTL input)

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for

final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

Patent Pending
©1993 Silicon Systems, Inc.

0194 - rev.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film
Read/Write Device

Target Specification

DESCRIPTION

The SSI 32R2200R/2201R are BiCMOS monolithic
integrated circuits designed for use with two-terminal
recording heads. They provide a low noise read
amplifier, write current control, and data protection
circuitry for up to six channels. The SSI2200R/2201R
option provides internal 350Q damping resistors.
Damping resistors are switched in during Write mode
and switched out during Read mode. The SSI32R2200/
2201 optiondoes not provide damping resistors. Power
supply fault protection s provided by disabling the write
current generator during power sequencing. System
write to read recovery time is significantly improved by
making the read channel outputs highimpedance. The
device also offers multiple channel “servo bank write”
capability to assist in servo writing operations.

The SSI 32R2200R/2201R require only a +5V power
supply and are available in a variety of packages. The
32R2201R is hardware compatible with the SSI

October 1993

FEATURES

* 45V +10% supply

* Low power
- PD = 150 mW Read mode (Nom)
- PD = 1.0 mW Idle (Max)

e High Performance:
- Read mode gain = 300 V/V
- Input noise = 0.45 nV/~Hz (Nom)
- Input capacitance = 12 pF (Nom)
- Write current range = 3-35 mA

- Max write current rise/fall time = 9 nsec
(typical head)

- Head voltage swing = 6 Vpp min
e Servo bank-write capability
e Self switching damping resistance

1093

32R4610AR and SSI 32R2020R Read/Write devices. V' 1te unsafe detection (continued)

BLOCK DIAGRAM PIN DIAGRAM

Hox [] 1 24 [] GND

Hoy [] 2 23 [] ey

Hix ] 3 22 [] RW

HIY [ 4 21 [Jwe

H2x [ 5 <oRz200Rs 20 [] ROY

Hey [f e Chaonois [] RDX

HX [] 7 18 [] Hso

Hay [] 8 17 [] Hs1

Hax [] o 16 [] Hs2

Hay [] 10 15 ] vee

HsX [] 1 14 [] wo

Hsy [] 12 13 [] WD

20-Lead SOV, SOL

CAUTION: Use handling procedures necessary

for a static sensitive component.

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film
Read/Write Device

FEATURES (continued)

®  Power supply fault protection
® Head short to ground protection

¢ Differential ECL-like (32R2200R) or TTL
(32R2201R) write data inputs

FUNCTIONAL DESCRIPTION

The SSI132R2200R/2201R has the ability to address up to 6 two-terminal heads and provide write drive or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have
internal pull-up resistors to prevent an accidental write condition. HS0, HS1 and HS2 have internal pulidown
resistors. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode.

TABLE 1: Mode Select .
CcS R/W WUS/SE Mode
0 0 * Single Channel Write.-See Table 2.
0 0 Vee + 1.9V Servo Write.
0 1 X Single Channel Read. See Table 2.
1 X X Idle.

*WUS/SE is a WUS output unless pulled above VCC, sourcing at least 4 mA of current.

TABLE 2: Head Select

HS2 HS1 HSO0 Head
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change andare not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.

3-116



SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film
Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI 32R2200R/2201R as a current
switch and activates the Write Unsafe (WUS) detector
circuitry. On the 32R2200R, head current is toggled
betweenthe Xand Y side of the selected head on each
low to high transition of WD-WD. On the 32R2201R,
head currentis toggled betweenthe X and Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding Read to
Write transition or Idle to Write transition initializes the
Write Data Flip-Flop to pass write current into the “X”
side of the device. In this case, the Y side is higher
potential than the X side. The magnitude of the write
current (0-pk) is given by:

Vwc _K
Rwc

lw=Awe Rwe

where Aw is the write current gain.

RWC is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

Iw

X,y =——"r—oro
1+ Rh/Rd

Where:

Rh = Head resistance plus external wire
resistance

Rd = Damping resistance

In Write mode a 350Q damping resistor is switched in
across the Hx, Hy ports (32R2200R/2201R only).

SERVO WRITE MODE

Pulling WUS/SE above VCC and R/W low activates
Servo Write mode. This mode allows for writing to
multiple channels at once, which is useful during servo
formatting. In this mode the write driver will drive all
channels simultaneously.

Servo Write mode is initialized by pulling the WUS/SE
pin 1.9V above Vcc while the R/W pin is high (Read
mode) and is then activated by driving the R/W pin low.

POWER SUPPLY FAULT PROTECTION

A voltage fault detection circuit improves data security
by disablingthe write current generator during a voltage
fault or power startup regardless of mode. Note that
WUS does not necessarily turn on to flag a power
supply fault condition.

HEAD SHORT TO GROUND PROTECTION

The SSI 32R2200R/2201R provides a head short to
ground protection circuit in Write mode. If the selected
head is shorted to ground the write current generator
will turn off, the WUS flag will go high, and current will
be limited to less than 1 mA out of the head port. Note
that any unselected head is pulled to ground through
internalcircuitry. Inthe Idle mode, allheads are similarily
pulled to ground.

InRead mode, current out of the selected head portwill
not exceed 20 mA if the head is shorted to ground.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WD frequency too low
Device in Read mode
Device not selected
No head current

Open head

Head short to ground

WDl frequency too lowis detected if the WDI frequency
falls below 1 MHz. Consuit the WUS Safe to Unsafe
timing for range of frequency detection.

Device in Read mode, Device in servo Write mode
and Chip disabled will flag WUS if R/W is high, if SE
is high, or CS is high.

No head current will flag WUS if Rwc = « and the
selected head is present.

Head opened will flag WUS if Rh = o, |

Head short to ground is described in the preceding
paragraph.

© o o o o o

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5YV, 4-, 6-Channel Thin Film
Read/Write Device

FUNCTIONAL DESCRIPTION (continued)

Upon entering Write mode, WUS is valid after one low
to high transition of WD-WD (32R2200R), or one high
to low transition of WDI (32R2201R) following the
required Read-Write transition time (0.6 us max).

After the fault condition is removed, one positive
transition of WD-WD (32R2200R), or one negative
transition on WDI (32R2201R) are required to clear
WUS.

READ MODE

The Read mode configures the SS1 32R2200R/2201R
as a low noise differential amplifier and deactivates the
write current generator. The damping resistor. is
switched out of the circuit allowing a high impedance
input to the read amplifier. The RDX and RDY output
are driven by emitter followers. They should be AC

coupled to the load. The HnX, HnY inputs are non-
inverting to the RDX, RDY outputs.

Note that in Idle or Write' mode, the read ampilifier is
deactivated and RDX, RDY outputs become high
impedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage change
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idie mode.

IDLE MODE

Taking CS high selects the Idie mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Powerconsumptioninthis
mode is held to a minimum.

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film

Read/Write Device

PIN DESCRIPTION

CONTROL/STATUS

NAME TYPE | DESCRIPTION

Ccs I Chip Select Input. A logical low level enables the device.

RW+t I Read/Write. A logical high level enables Read mode. A logical low level
enables Write mode.

HS0,HS1, HS2 | Head Select. Decoded address selects one of 6 channels. See Table 2.

WUS/SEt 110 Write Unsafe/Servo Enable. When in Servo Bank Write mode, pulling this pin
above Vcc enables servo bank write. See Servo Enable section. Otherwise,
a high level indicates an unsafe writing condition. See WUS section.

WCt | Write Current. Sets the write current through the recording head.

HEAD TERMINAL CONNECTIONS

HOX-H5X i X,Y Head Connections

HOY-H5Y

DATA INPUT/OUTPUT

WDIt (32R2201R) ! Write Data In. A negative transition of WDI changes the direction of current
in the recording head.

WD, WDt (32R2200R) | Differential Write Data In. A positive transition of WD-WD changes the
direction of current in the recording head.

RDX,RDYt (0] Differential Read Data Out. Emitter follower output.

POWER

vCC 1 +5V power supply

GND | Ground

1 When more than one Read/Write device is used, signals can be wire OR’ed.

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS

Current maximums are currents with the highest absolute value.

ABSOLUTE MAXIMUM RATINGS
Operation beyond the maximum ratings may damage the device.
PARAMETER RATING
DC Supply Voltage VCC -0.3to 6Vdc
Write Current Iw 65 mA
Digital Input Voltage Vin -0.3to VCC+0.3Vdc
Head Port Voltage VH -0.3to VCC+0.3Vdc
WUS Pin Voltage Vwus VCC+0.3Vdc
Output Current  RDX,RDY lo -10 mA

WUS Iwus +12mA
Junction Operating Temperature +125°C
Storage Temperature -65 to +150°
RECOMMENDED OPERATING CONDITIONS
PARAMETER CONDITIONS
DC Supply Voltage VCC 5+ 10%V
Ambient Operating Temperature 0°<Ta<75°
TEST CONDITIONS
Recommended operating conditions apply.
PARAMETER CONDITIONS
Write Current, Iw 20 mA
Head Inductance, Lh 1uH
Head Resistance, Rh 30Q
WD Frequency 5 MHz
WD, WD rise/fall time 32R2200R ins
WDI riseffall time 32R2201R ins

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film

Read/Write Device
POWER DISSIPATION
Recommended operating conditions apply.
PARAMETER CONDITIONS MIN NOM | MAX UNIT
VCC Supply Current Read Mode 21 31 mA
Write Mode 20+1.2lw| TBD mA
Idle Mode 0.07 0.2 mA
Power Dissipation Read Mode 107 170 mwW
Write Mode 100+6w| TBD mw
Idle Mode 0.37 1.0 mw
DIGITAL INPUTS
Input High Voltage Vih 2.0 vDC
HSX, CS/, R/W, WDI
Input Low VoEgge Vil 0.8 VvDC
HSX, CS/, R'W, WDI
Input High CuEent lih | Vih=2.0V 100 pA
HSX, CS/, R/W, WDI
Input Low Cur_rent lil | Vil=0.8V -0.4 mA
HSX, CS/, R/W, WDI
WD, WD Input High Voltage Vih | 32R2200R Vce-1.50 Vee-05| VDC
WD, WD Input Low Voltage Vil | 32R2200R Vih-1.50 Vih-05 | VDC
WD-WD Input Voltage Difference | 32R2200R 0.5 15 s
WD, WD Input High Current Vih = Vce-0.75V (32R2200R) 85 125 pA
WD, WD Input Low Current Vih = Vce-1.75V (32R2200R) 70 100 UA
WUS Output Low Voltage Vol | lol =2 mA max 05 vDC

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R

+5V, 4-, 6-Channel Thin Film

Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

WRITE CHARACTERISTICS
Test conditions apply unless otherwise specified.
PARAMETER CONDITIONS MIN NOM MAX UNIT
Write Current Voltage Vwe 2.0 \Y
Write Current Gain Aw | Iw=AwsVwc/Rwc 25 mA/mA
Write Current Constant “K” Iw = K/Rwc 48 50 52 \"
Differential Head Voltage Swing Iw=15mA 6.5 8.0 Vpp
Open Head, Iw =15 mA 6.5 7.5 Vpp
Head Differential Rd 32R2200/2201 4 kQ
Load Resistance 32R2200R/2201R 350 Q
WD Pulse Width* PWH 5 ns
PWL 5 ns
Unselected Head Voltage 0.1 VvDC
Unselected Head Current DC 0.2 mA
VCC Fault Voltage Iw<0.2mA 3.9 41 4.3 Vv
Head Current HnX,HnY | VCC fault condition -200 200 HA
SERVO WRITE CHARACTERISTICS
Write Current Range 5 25 mA
Write Current Matching Between channels +10%
WUS/SE Voltage Servo Bank Write Enabled Vee + 1.9 \"

* See Figure 1.

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film

Read/Write Device
READ CHARACTERISTICS
Test conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, RL (RDX, RDY) = 1 kQ.
PARAMETER CONDITIONS MIN NOM MAX UNIT
Differential Voltage Gain Vin = 1 mVpp @1 MHz 320 Vv
Voltage BW -1dB | |Zs| <5, Vin =1 mVpp 35 MHz
-3dB 65 MHz

Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.45 nVAHz
Input Noise Current 3 pANHzZ
Differential Input Capacitance Vin =1 mVpp, f = 5 MHz 12 pF
Differential Input Resistance Vin=1mVpp, f=5 MHz 1000 Q
Dynamic Range AC input voltage where gain

falls to 90% of its small signal

gain value, f = 5 MHz 2 5 mVpp
Common Mode Rejection Ratio Vin = 0 VDC + 100 mVpp

@ 5 MHz 50 60 dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 50 70 dB
Channel Separation Unselected channels driven

with Vin = 0 VDC + 100 mVpp 50 60 dB
Output Offset Voltage Lh=0,Rh=0 -250 +250 mV
Single Ended Output Resistance | f=5 MHz 20 50 Q
Output Current AC coupled load, RDX to RDY| 1.0 20 mA
RDX, RDY Common Mode
Qutput Voltage Vce-2.6 VDC

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film
Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

SWITCHING CHARACTERISTICS
Test conditions apply unless otherwise specified.

PARAMETER CONDITIONS MIN NOM MAX UNIT
R/W Read to Write | R/W to 90% of write current 0.1 0.6 us
Write to Read | R/W to 90% of
100 mV Read signal envelope 0.1 0.6
(o1 Unselect to Select | CS to 90% of 100 mV 10 MHz
Read signal envelope 0.6 2 us
Select to Unselect | CS to 10% of write current 0.1 1 us
HS0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.2 1 us
WUS Safe to Unsafe (TD1) | Write mode, loss of WDI 0.6 2.0 3.6 us
transitions; Defines max WDI
period for WUS operation
Unsafe to Safe (TD2) | Fault cleared: from first 0.2 1.0 us
negative WDI transition
WDI Frequency Range | Valid WUS 1.0 50 MHz
Head Current Lh=0,Rh=0
WD toIx - ly (TD3) | from 50% points 25 4.0 ns
Asymmetry | WDI has 1 ns rise/fall time 05 ns
Riserfali Time | 10% to 90% points
w=15mA, Rh=0,Lh=0 1 3 ns
Iw=15mA, Rh =30, Lh=1pH 6 9 ns

o m—%iﬂ/\ A A A

//
PWH 01 a4 TD2

//

wuUs / / \

—3 TD3 '4—
HEAD —\—/—\
CURRENT / \ /
(Ix - ly) //

//

FIGURE 1: 32R2200R Write Mode Timing Diagram

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32R2200R/2201R
+5V, 4-, 6-Channel Thin Film
Read/Write Device

= UV Ve e Ve Ve Van

wos lﬂi‘ !‘_»’/ 7/ = \

—p{ TD3 lq—
HEAD — / \ /
CURRENT \ / \
(Ix - ly) //

//

FIGURE 2: 32R2201R Write Mode Timing Diagram

PACKAGE PIN DES'GNATIONS CAUTION: Use handling procedures necessary
(TOp View) for a static sensitive component.
GND [ 1 2ogt§ vox ] 1 24F|GND GND [ 1 20 []1T8 wox [] 1 20 ] ano
Hox [] 2 19 [] RW vov ] 2 23[]031 Hox [] 2 19 [] RW o [] 2 sl
Hoy [] 3 18 jwc b Hoy [] 3 18 [] we
HIX ] 3 2 [] RW wix [ 3 2 aw
HIX [] 4 17 [] RoY v [ 2 hwe HIX [ 4 17 ] rOY
4 21
HIY 15 3op0000r 16 [] RDX o d . " g oy HIY 15 aomosoin 16 [ RDX wiv [ 4 [ we
WX (16 crames 15 ] W50 32R2200R-6 HeX [ 6 Channots 15 [] Hs0 XD S oreotrs ™ P Y
wev [} 7 14 [] Hst rev [ o crammos ™ {1 PO ik 14 [] Hst nev |6 8 o 10 ROX
Hax ] 8 13 [] wo Hox [ 7 18 [] Hso Hax [| 8 13 [] vee Hax 17 18 [] Hso
Hav [] o 12 [] Wb Hav [] 8 17 [] w1 Hay ] o 12 [] wor Hav [| 8 17 ] Hst
vcc[“ 10 11 [] wusise Hax [] o 16 [] sz vee [f 10 1 Pwusst Hax [] o 16 [] Hs2
Hay [] 10 15 [] vee Hay [] 10 15 [] vee
20-Lead SOV, SOL Hsx [ 11 14 [] wo 20-Lead SOV, SOL Hsx [] 1 14 [] wol
Hsy [] 12 13 [] WO Hsy [] 12 13 [] wus/se
24-Lead SOV, SOL 24-Lead SOV, SOL

Target Specification: The target specification is intended as an initial disclosure of specifi catlon goals for the product. The specifications
are based on design goals, subject to change and are not guaranteed.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

©1993 Silicon Systems, Inc. 1093
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SSI 32R2300/2300R/2301/2301R
3.3V, 5V, 2, 4-Channel

2-Terminal Read/Write Device

DESCRIPTION

The SSI32R2300/2300R are BiCMOS monolithic inte-
grated circuits designed for use with two-terminal re-
cording heads. They provide a low noise read ampli-
fier, write current control, and data protection circuitry
forupto four channels. The SSI12300R option provides
internal 350Q damping resistors. Damping resistors
are switched in during Write mode and switched out
during Read mode. The SSI 32R2300 option does not
provide a damping resistor. Power supply fault protec-
tionis provided by disabling the write current generator
during power sequencing. System write to read recov-
ery time is significantly improved by making the read
channel outputs high impedance.

The SSI 32R2300/2300R require only a +3.3V power
supply and are available in a variety of packages. They
are hardware compatible with the SSI 32R4610A and
SSI 32R2020R Read/Write devices. The SSI
32R2301/2301R is identical to the SSI 32R2300/
2300R, but comes in 24-pin package.

December 1993
FEATURES

e +3.0V to +5.5V voltage supply
* Low power
= PD =63 mW Read mode (Nom)(@3.3V supply)
= PD = 1 mW idle (Max) (@3.3V)
» High Performance:
= Read mode gain = 200 V/V
= Input noise = 0.50 nV/YHz (Nom)
- InpUt capacitance = 9 pF (Nom)
= Write current range = 2-30 mA

* Self switching damping resistance

* Pin compatible with the SSI 32R4610AR and
S$S1 32R2020R

* Write unsafe detection
* Power supply fault protection

1293 - rev.

BLOCK DIAGRAM

vcel GND Wus vcea

UNSAFE
DETECTO!

READ
PREAMPS
AND WRITE
CURRENT
SWITCHES

(X4)

WRITE
CURRENT
SOURCE

PIN DIAGRAM

GND [] 1 20 []Cs
HoX [] 2 19 [] RW
Hox Hoy [] 3 18
HoY I: j we
HIX [] 4 © 17 [J ROY
32R2300/
HIY [1'5 3oro300m 16 {] RDX
H1X 4
HIY H2X [] 6  Ghannels 15 [] HSO
Hay [] 7 14 [] Hs1
Hax [] 8 13 [] veet
H2X
oy H3Y [] 9 12 [] wol
veez [] 10 11 [] wus
Hax 20-Lead SOL, VSOP

H3Y

CAUTION: Use handling procedures necessary
for a static sensitive component.

3-127




SSI 32R2300/2300R/2301/2301R
3.3V, 5V, 2, 4-Channel
2-Terminal Read/Write Device

CIRCUIT OPERATION

The SSI 32R2300/2300R have the ability to address up to 4 two-terminal heads and provide write drive or read
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/'W, CS, HS0

and HS1 have internal pull-up resistors.

TABLE 1: Mode Select

TABLE 2: Head Select

S RW Mode HS1 HS0 Head
0 0 Write 0 0 0
0 1 Read 0 1 1
1 0 Idle 1 0 2
1 1 Idle 1 1 3
PIN DESCRIPTION
NAME TYPE DESCRIPTION
HSO0, HS1 + | Head Select: selects one of four heads
CS | Chip Select: a high inhibits the chip
R/W t | Read/Write : a high selects Read mode
WUS t O Write Unsafe: a high indicates an unsafe writing condition
WDI t | Write Data In: a negative transition on WDI changes the direction of the
current in the recording head
HOX - H3X; X, Y Head Connections
HOY - H3Y 110
RDX, RDY t (0] X, Y Read Data: differential read data output
WC Write Current: used to set the magnitude of the write current
VCCA1 1 Power Supply
VCC2 | Power Supply for Write current drivers
GND | Ground

t+ When more that one R/W device is used, signals
can be wire OR'ed

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the SSI132R2300/2300R as a current switch
and activates the Write Unsafe (WUS) detector cir-
cuitry. Head current is toggled between the X and Y
side of the selected head on each high to low transition
of the Write Data Input (WDI). Note that a preceding
Read to Write transition or Idle to Write transition

initializes the Write Data Flip-Flop to pass write current
into the “X” side of the device. In this case, the Y side
is higherpotential thanthe X side. The magnitude of the
write current (0-pk) is given by:

Vwe
lw=Aw Rwe = %wc

where Aw is the write current gain.
RWC is connected from pin WC to GND. = Note the
actual head current Ix, y is given by:
|lw
1+ Rh/Rd

X,y =
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SSI 32R2300/2300R/2301/2301R
3.3V, 5V, 2, 4-Channel
2-Terminal Read/Write Device

Where:
Rh = Head resistance plus external wire
resistance
Rd = Damping resistance

In Write mode a 350 Q damping resistor is switched in
across the Hx, Hy ports (32R2300R only).

VOLTAGE FAULT

Avoltage Fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup in Read or Write mode.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

»  WDI frequency too low
Device in Read mode
Device not selected
Open head

Head short to ground

WUS is valid in the write current/head characteristic
region defined by 5 < lh«Lh <50 mA+pH, and 1 < Rh
< 1.25/Ih. After the fault condition is removed, one
negative transition on WDI is required to clear WUS.
Overcurrent protection during a head short to ground is

accomplished by placing a series resistor between
VCC1 and VCC2. The write current driver will shut
downwhenVCC1-VCC22=0.3V. The resistor mustbe
sized so that VCC1 - VCC2 < 0.15V in normal opera-
tion.

READ MODE

The Read mode configures the SSI 32R2300/2300R
as a low noise differential amplifier and deactivates the
write current generator. The damping resistor is
switched out of the circuit allowing a high impedance
input to the read amplifier. The RDX and RDY output
are driven by emitter followers. They should be AC
coupled to the load. The HnX, HnY inputs are non-
inverting to the RDX, RDY outputs.

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-
pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage change
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE
Taking CS high selects the Idle mode which switches
the RDX and RDY outputs into a high impedance state

and deactivates the device. Powerconsumptioninthis
mode is held to a minimum.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3t0 +7 VDC
VCC2 -0.3t0 +7 VDC
Write Current w 30 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3 VDC
Head Port Voltage ) VH -0.3t0 VCC2 +0.3 VDC
Qutput Current: RDX, RDY 10 -10 mA
WuUS +8 mA
Storage Temperature Tstg -55 t0 +150°C
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SSI 32R2300/2300R/2301/2301R

3.3V, 5V, 2, 4-Channel

2-Terminal Read/Write Device

RECOMMENDED OPERATING CONDITIONS

PARAMETER RATING

DC Supply Voltage VCC1 =VCC2 3.31+10%, 5.0 £10% VDC

Recommended Head Load Range Lh 0.3-5.0puH

WUS Operating Range iweLh 5.0-50.0 mA - uH

Head Differential Load Capacitance 15 pF max

Ambient Operating Temperature 0-70°C

DC CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified.

PARAMETER CONDITIONS MIN NOM | MAX UNIT

VCC1 Supply Current Read Mode Vcce = 3.3V £10% 19 29 mA
Write Mode Vce = 3.3V £10% 2+02Iw|3+03Iw mA
Idle Mode Vce =3.3V+10% 0.15 0.27 mA

VCC2 Supply Current Read Mode Vcc = 3.3V £10% - 0.1 mA
Write Mode Vce = 3.3V £10% 1.0+Iw|3.0+Iw mA
Idle Mode Vcce=3.3V110% - 0.01 mA

Power Dissipation Read Mode Vcc = 3.3V £10% 63 105 mw
Write Mode Vce = 3.3V £10% 10+4-w|20+5+lw] mW
Idle Mode Vcc =3.3V+10% 0.5 1 mwW

VCC1 Supply Current Read Mode Vce = 5.0V £10% 20 32 mA
Write Mode Vce = 5.0V £10% 3+02Iw | 5+03Iw mA
Idle Mode Vcc = 5.0V £10% 0.25 0.45 mA

VCC2 Supply Current Read Mode Vcc = 5.0V £10% 0.1 mA
Write Mode Vce = 5.0V £10% 20+Iw|4.0 +Iw mA
Idle Mode Vcc = 5.0V +10% 0.01 mA

Power Dissipation Read Mode Vcc = 5.0V £10% 100 180 mw
Write Mode Vce = 5.0V £10% 20+6°+Iw|45+721w mw
Idle Mode Vcc = 5.0V £10% 1.25 25 mw

DIGITAL INPUTS

Input Low voltage (VIL) 0.8 VvDC

Input High Voltage (ViH) 2.0 VvDC

Input Low Current ViL=0.4 Vce = 3.6V -0.4 -.09 mA

Vee = 5.5V -0.4 -0.13 mA

Input High Current VIH=2.7V 0 20 [IV.

WUS Output Low Voltage (VOL) | lol =2 mA max .35 0.5 VvDC

Input Low Current 2 channel version  Vce = 3.6V -0.4 -0.22
for HSO Vee = 5.5V -0.6 -0.35
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SSI 32R2300/2300R/2301/2301R
3.3V, 5V, 2, 4-Channel
2-Terminal Read/Write Device

WRITE CHARACTERISTICS
Recommended operating conditions apply unless otherwise specirfied.
PARAMETER CONDITIONS MIN | NOM | MAX UNIT
VCC1 Fault Voltage iw< 0.2 mA 25 2.75 VvDC
Write Current Gain w=25mA Vcc=33V+10% | 18.0 | 22.0 24.9 mA/mA
Iw =5-30 mA Vcc =3.3V+10% | 18.3 20.5 23.0 mA/mA
Iw=25mA Vcc=5.0V+10% | 18.6 23.1 26.0 mA/mA
Iw =5-30 mA Vce = 5.0V£10% 18.9 21.7 24.1 mA/mA
Write Current Voltage (VWC) 1.2 1.3 1.4 \
Differential Head Voltage Swing Open head 4.0 4.8 Vpp
Unselected Head Current AC 0.1Iw | mA (pk)
DC 0.1 mA
Head Differential Load 32R2300 2400 | 3000 3600 Q
Resistance (Rd) 32R2300R 250 350 450 Q ]
WDI Pulse Width Vil<0.8V,Vih>2.0V PWH 5 ns
t=t =1ns PWL | 10 ns
Write Current Range (lw) 2 30 mA

READ CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,
RL (RDX, RDY) = 1 kQ.

Differential Voltage Gain Vin=1 mVpp @1 MHz 160 200 240 VIV
Voltage BW -1dB |Zs| < 5Q, Vin =1 mVpp 20 35 MHz
-3dB 40 70 MHz
Input Noise Voltage BW =15MHz, Lh=0,Rh=0 0.50 0.75 nVAHz
Input Noise Current 3 pANHz
Differential Input Capacitance Vin=1mVpp, f =5 MHz 9 14 pF
Differential Input Resistance Vin =1 mVpp, f =5 MHz
32R2300 | 500 750 1800 Q
32R2300R | 500 750 1800 Q
Dynamic Range AC input voltage where gain
falls to 90% of its small signal
gain value, f =5 MHz 2 5 mVpp
Common Mode Rejection Ratio Vin = 0 VDC + 100 mVpp
@ 5 MHz 45 60 dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 40 70 dB
Channel Separation Unselected channels driven
with Vin = 0 VDC + 100 mVpp | 45 60 dB
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SSI 32R2300/2300R/2301/2301R
3.3V, 5V, 2, 4-Channel
2-Terminal Read/Write Device

READ CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT

Output Offset Voltage Head shorted -200 +200 mV
Head opened -250 +250 mV

Single Ended Output Resistance | f=5 MHz 60 100 Q

Output Current AC coupled load, RDX to RDY| 1.0 2.0 mA

RDX, RDY Common Mode

Output Voltage Vee-1.0 | Vee-1.35 | Vee-1.70 | VDC

SWITCHING CHARACTERISTICS
Recommended operating conditions apply unless otherwise specified. IW =15 mA, Lh = 1.0 uH, Rh = 30Q

f(Data) = 5 MHz.

RW Read to Write R/W to 90% of write current; 0.3 1.0 us
WUS valid
Write to Read R/W to 90% of
100 mV Read signal envelope 0.4 1 us
CcS Unselect to Select CS t0 90% of 100 mV 10 MHz
Read signal envelope 0.6 2 us
Select to Unselect CS to 10% of write current 0.1 1 us
HSO0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.2 1 us
WUS*  Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6 us
transitions; Defines max WDI
period for WUS operation
Unsafe to Safe (TD2) Fault cleared: from first 0.2 1.0 us
negative WDI transition
WDI Frequency Range Valid WUS 1.67 25 MHz
Head Current Lh=0,Rh=0
WDI to Ix - ly (TD3) from 50% points 25 40 ns
Asymmetry WDI has 1 ns rise/fall time 1.5 ns
Rise/fall Time 10% to 90% points
lw=15mA,Rh=0,Lh=0 6 9 ns
Iw =15 mA, Rh =30, Lh = 1pH 14 18 ns

*5<IweLh<50 mA+pH, 1 <Rh<1.25/lw
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SSI 32R2300/2300R/2301/2301R
3.3V, 5V, 2, 4-Channel
2-Terminal Read/Write Device

wol [ \ \_/ \/
PWH D1 D2
//
Wwus / 24 \
—p] T3
HEAD I‘—‘

CURRENT
(Ix - ly)

FIGURE 1: Write Mode Timing Diagram
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SSI 32R2300/2300R/2301/2301R

3.3V, 5V, 2, 4-Channel

2-Terminal Read/Write Device

PACKAGE PIN DESIGNATIONS . o] s
Top View
(Top ) - ne [) 2 23 [] RW
GND [] 1 20 [] T8
Hox [] 3 22 [] NC
Hox [] 2 19 [] RW
Hov [] 4 21 [] Nne
Hoy [ 3 18 [] we
GND ] 1 16 []Ts ! ] HIX [ 5 20 [] we
HIX [ 4 17 {] rOY
Hox [] 2 15 {] RAW ! $2R2300/ L HIY [] 6 3322'%233001‘% 19 [] ROY
HIY [} 5 somos00m 16 [J RDX 4
Hoy [] 3 14 [Jwe 4 HX [ 7 channels 18 J RDX
H2X [] 6 15
HIX[] 4 o200 13 [] ROY 06 chames 15 ] Hso Hay ] 8 17 [] Hso
Hay [ 7 14
HIY[] 5 Chaﬁne,s 12 [] RDX 0 ] st Hax [] 9 16 [] Hs1
veez [ & 11 [] Hso Hax [ 8 o [J veer Hay [] 10 15 [] veet
Ne[] 7 10 [] veer Hov [} o 2 [] woi Ne [ 11 14 [] wol
wus [| s 9 [Jwoi veez [} 10 11 [ wus veez [] 12 13 ] wus
16-Lead SOL 20-Lead SOL, VSOP 24-Lead VSOP
CAUTION: Use handling procedures necessary
for a static sensitive component.
ORDERING INFORMATION

PART DESCRIPTION

ORDERING NUMBER

PACKAGE MARK

SSI 32R2300R/2301R R Version
2-Channel 16-Lead SOL

32R2300R-2CL

32R2300R-2CL

4-Channel 20-Lead SOL

32R2300R-4CL

32R2300R-4CL

4-Channel 20-Lead SOV

32R2300R-4CV

32R2300R-4CV

4-Channel 24-Lead SOV

32R2301R-4CV

32R2301R-4CV

SSI1 32R2300/2301 Non-R Version
2-Channel 16-Lead SOL

32R2300-2CL

32R2300-2CL

4-Channel 20-Lead SOL

32R2300-4CL

32R2300-4CL

4-Channel 20-Lead SOV

32R2300-4CV

32R2300-4CV

4-Channel 24-Lead SOV

32R2301-4CV

32R2301-4CV

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

Patent Pending
©1993 Silicon Systems, Inc.
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SSI 32R2320/21/22/23/24

3V, 5V, 4-Channel

2-Terminal Read/Write Device

Advance Information

DESCRIPTION

The SSI 32R2320/21/22/23/24 are BiCMOS
monolithic integrated circuit designed for use with two-
terminal recording heads. They provide a low noise
read amplifier, write current control, and data
protection circuitry for up to four channels. This family
of devices has been designed to support servo bank
write, TTL or ECL write data input, and write unsafe
output through various bond options. In addition,
versions of the devices are available with or without
internal damping resistors. When configured with
damping resistors, the resistors are switched in during
write mode and switched out during read mode. Power
supply fault protectionis provided by disabling the write
current generator during power sequencing. System
write to read recovery time is significantly improved by
making the read channel outputs high impedance.

The SSI 32R2320/21/22/23/24 require a single 3.0 to
5.5V power supply and are available in a variety of
packages. They are hardware compatible with the SSI
32R4610A and SSI 32R2020R Read/Write devices.

October 1993

'FEATURES

+3.0V - 5.5V voltage supply

Low power

=PD =73 mW Read mode (Nom) (@3.3V supply)
- PD = 75 uW Idle (Max @ Vce = 3.3V)

High Performance:

= Read mode gain = 250 V/\V

= Input noise = 0.50 nV/VHz (Nom)

= Input capacitance = 9 pF (Nom)

= Write current range = 2-30 mA

Bond options for:

= Self switching damping resistance
= Servo bank write

= TTL or ECL write data input

= Write unsafe detection

Power supply fault protection

BLOCK DIAGRAM

WRITE
UNSAFE
DETECTOR

EFERENCE
] VOLTAGE

HOX
HoYy

READ
HiX

PREAMPS
AND WRITE
CURRENT
SWITCHES

H1Y

(x4)

VOLTAGE

HaX
Hay

FAULT

HSO

HS1

H3X
H3Y

1093 - rev.
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SSI 32R2320/21/22/23/24
3V, 5V, 4-Channel
2-Terminal Read/Write Device

FUNCTIONAL DESCRIPTION

The SSI 32R2320/21/22/23/24 have the ability to address up to 4 two-terminal heads and provide write drive or
read amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W, CS
and DMP have internal pull-up resistors. The TTL inputs HSO and HS1 have internal pull down resistors.

TABLE 1: Mode Select

Mode

Write

Read

Idle

Idle

CS RW
0 0
0 1
1 0
1 1
0 0

OIX|[X|X |[=

Servo Write

TABLE 2: Head Select

Head

HS1 HSO0
0 0
0 1
1 0
1 1

W IN |-

WRITE MODE

Taking both CS and R/W low selects write mode which
configures the device as a current switch and activates
the Write Unsafe (WUS) detector circuitry. Head
current is toggled between the X and Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding Read to

Write transition or Idle to Write transition initializes the -

Write Data Flip-Flop to pass write current into the “X”
side of the device. In this case, the Y side is higher
potential than the X side. The magnitude of the write
current (0-pk) is given by: K
Iw=Aw e E\TV-E = ch

where Aw is the write current gain.

RWC is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

Iw

X,y =
1+ Rh/Rd

Where:
Rh = Head resistance plus external wire
resistance
Rd = Damping resistance

In Write mode a 350Q damping resistor is switched in
across the Hx, Hy ports.

VOLTAGE FAULT

Avoltage Fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup in Read or Write mode.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WDI frequency too low
Device in Read mode
Device not selected
Open head

Head short to ground
No write current
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SSI| 32R2320/21/22/23/24
3V, 5V, 4-Channel
2-Terminal Read/Write Device

WRITE UNSAFE (continued)

WUS is valid in the write current/head characteristic
region defined by 5 < th+ Lh < 50 mA « uH, and 1 < Rh
< 1.25/lh. After the fault condition is removed, one
negative transition on WDI is required to clear WUS.

READ MODE

The Read mode configures the SSI 32R2320RZ as a
low noise differential amplifier and deactivates the
write current generator. The damping resistor is
switched out of the circuit allowing a high impedance
input to the read ampilifier. The RDX and RDY output
are driven by emitter followers. They should be AC
coupled to the load. The HnX, HnY inputs are non-
inverting to the RDX, RDY outputs.

PIN DESCRIPTION

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-
pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage change
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and idle mode.

IDLE MODE

Taking CS high selects the Idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Power consumption inthis
mode is held to a minimum at CS, input is greater than
(Vee - 0.3V).

NAME TYPE DESCRIPTION

HSO0, HS1 t | Head Select: selects one of four heads

CS 1 Chip Select: a high inhibits the chip

RW + | Read/Write : a high selects Read mode

WUS + O Write Unsafe: a high indicates an unsafe writing condition

WDIWDI  + i Write Data Input: On TTL versions, a negative transition on WDI changesthe
direction of the current in the recording head. On ECL versions, a positive
transition on the WDI (negative transition on WDI changes the direction of
the current in the recording head. WDI is only present on the ECL versions.

HOX - H3X; X, Y Head Connections

HOY - H3Y 10 :

RDX, RDY t O X, Y Read Data: differential read data output

WC Write Current: used fo set the magnitude of the write current

VCC1 l Power Supply

GND 1 Ground

SE I Servo Enable: A low input on this line enables the servo bank write mode
when CS and R/W are both low.

WUS/SE | Write Unsafe/Servo Enable (32R2323/24 only): Under normal operation, a
highlevel output on this pin indicates a write unsafe condition. When this pin
is driven externally above VCC and CS and R/W are both low, servo write
mode is activated.

DMP | Damping Resistor Enable (32R2322 only): A high (or open) level on this
input enables the switchable damping resistor. A low level on this input
disables the damping resistor.

t When more that one R/W device is used, signals
can be wire OR'ed
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SSI 32R2320/21/22/23/24

3V, 5V, 4-Channel

2-Terminal Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3t0 +7 VDC
VCC2 -0.3to +7 VDC
Write Current Iw 30 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3VDC
Head Port Voltage VH -0.3to VCC2 +0.3 VDC
Qutput Current: RDX, RDY 10 -10 mA
WUS +8 MA
Storage Temperature Tstg -55 to +150°
RECOMMENDED OPERATING CONDITIONS
PARAMETER RATING
DC Supply Voltage 3.3+£10%, 5.0 £10% VDC
Recommended Head Load Range Lh 0.3-5.0puH
WUS Operating Range lweLh 5.0-50.0 mA « uH
Head Differential Load Capacitance 15 pF max
Ambient Operating Temperature* 0-70°C

* Derating is required when in Servo Write mode.

DC CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified.

PARAMETER CONDITIONS MIN NOM | MAX UNIT

VCC1 Supply Current Vce = 3.3V +10% Read 22.0 30.0 mA
Vee = 3.3V £10% Write 5+¢1.2¢Iw| 9+1.4 < Iw mA
Vce = 3.3V £10% Servo 6+4.5¢+w|11+47lw| mA
Vee = 3.3V £10% Idle, CS = Vee 3 20 pA
Vee = 3.3V +10% Idle, CS = 2.7V 30 200 pA

Power Dissipation Vce = 3.3V £10% Read 73 110 mwW
Vce = 3.3V £10% Write 17+4+lw| 3345w mW
Vce = 3.3V £10% Servo 20415+ Iw| 40417+ lw| mW
Vee = 3.3V +10% Idle, CS = Vce 9 75 uw
Vee = 3.3V £10% Idle, CS = 2.7V 100 730 uw
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SSI 32R2320/21/22/23/24
3V, 5V, 4-Channel
2-Terminal Read/Write Device

DC CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
VCC1 Supply Current Vee = 5.0V £10% Read 23.0 32.0 mA
Vee = 5.0V £10% Write 6+1.2¢Iw[10+1.3 « Iw mA
Vee = 5.0V £10% Servo 7+4.4 ¢ W[ 12+44.7 « lw mA
Vee = 5.0V +10% Idle, CS = Ve 5 30 pA
Vee = 5.0V +10% Idle, CS = 2.7V 250 450 HA
Power Dissipation Vce = 5.0V £10% Read 115 180 mwW
Vce = 5.0V £10% Write 3046 ¢ Iw| 55+7 ¢+ lw mw
Vee = 5.0V £10% Servo 35422+ Iw] 66+26 ¢ lw] mW
Ve = 5.0V £10% Idle, CS = Ve 0.03 | 0.17 mw
Vee = 5.0V +10% Idle, CS =2.7V 1.25 25 mwW
DIGITAL INPUTS
Input Low voltage (VIL) CS, R/W, WDI, HSn and SE 0.8 vDC
Input High Voltage (VIH) CS, R/W, WDI, HSn and SE 2.0 vDC
Input Low Current VIiL=04 Vec=36V | -0.4 -.09 mA
CS, RW, WD, SE  Vcc=5.5V -0.4 -0.13 mA
input High Current VIH = 2.7V CS, RW, WDI, SE 0 20 pA
WUS Output Low Voltage (VOL) | lol =2 mA max 0.35 0.5 VvDC
Input Low Current HSn and SE VIL = 0.4V 10 40 pA
Input High Current HSn and SE VIH =27V 100 400 UHA
Input Low Voltage WD, WD Vee-1.0 Vee -0.4 v
Input High Voltage wD, WD Vee -2.0 Vee -0.8 \
AVIN WD - WD| 0.4 0.8 \Y
Input Low Current WD, WD Vee =5V 100 200 A
VIH = Vcc - 0.8V
Input High Current WD, WD Vee =5V 75 150 uA
VIL =Vce - 1.6V
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SSI 32R2320/21/22/23/24

3V, 5V, 4-Channel

2-Terminal Read/Write Device

ELECTRICAL SPECIFICATIONS (continued)

WRITE CHARACTERISTICS

Recommended operating conditions apply uniess otherwise specirfied.

PARAMETER CONDITIONS MIN | NOM | MAX UNIT

VCC1 Fault Voltage Iw<0.2mA 25 2.75 VvDC

Write Current Gain (Aw) Iw=2-5mA Vcc=33V+10% | 195 | 22.0 26.4 mA/mA
Iw=5-30 mA Vcc =3.3V+10% | 18.3 | 20.5 23.0 mA/mA
Iw=2-5mA Vcc=5.0Vt10% | 20.6 23.1 28.0 mA/MA
Iw = 5-30 mA Vcc = 5.0V+10% 19.3 21.7 245 mA/mA

Write Current Error Rwc =2 kQ, head to head -5 +5 %
@ Write mode*
Rwe = 2 kQ, head to head -5 +5 %
@ Servo mode*
Rwc = 2 kQ, Write to Servo -7 +7 %

Write Current Voltage (VWC) 1.2 1.3 1.4 \

Differential Head Voltage Swing Open head, SE = 1 4.0 4.8 Vpp
Open head, Vec=5V,SE=0| 4.0 4.8 Vpp
Open head, Vec=3.3V,SE=0| 3.4 4.8 Vpp

Unselected Head Current AC 1 mA (pk)
DC 0.1 mA

Head Differential Load R version 300 400 500 Q

Resistance (Rd) non-R version 2400 | 3000 3600 Q

WDI Pulse Width Vil< 0.8V, Vih>2.0V PWH 5 ns
te=t =1ns PWL 10 ns

Write Current Range (lw) 2 30 mA

* Error from average of the four heads.

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,

RL (RDX, RDY) = 1 kQ.

Differential Voltage Gain Vin=1mVpp @1 MHz 200 250 300 VIV

Voltage BW -1dB |Zs| < 5Q, Vin = 1 mVpp 20 40 MHz

-3dB 40 80 MHz

Input Noise Voltage BW = 15 MHz, Lh=0,Rh=0 0.50 0.75 | nVAHz

Differential Input Capacitance Vin=1mVpp, f =5 MHz 9 14 pF

Differential Input Resistance Vin =1 mVpp, f =5 MHz 500 750 1800 Q
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SSI 32R2320/21/22/23/24
3V, 5V, 4-Channel
2-Terminal Read/Write Device

READ CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Dynamic Range AC input voltage where gain

falls to 90% of its small signal

gain value, f = 5 MHz 2 5 mVpp
Common Mode Rejection Ratio Vin=0VDC + 100 mVpp

@ 5 MHz 45 60 dB
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 40 70 dB
Channel Separation Unselected channels driven

with Vin=0 VDC + 100 mVpp| 45 60 dB
Qutput Offset Voltage Head shorted -250 +250 mV

Head opened -300 +300 mV
Single Ended Output Resistance | f=5 MHz 60 100 Q
Qutput Current AC coupled load, RDX to RDY| 1.0 2.0 mA
RDX, RDY Common Mode
Output Voltage Vee-1.0 |Vee-1.35 | Vee-1.70 | VDC

SWITCHING CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. Rwc = 2kQ, Lh = 1.0 uH, Rh = 30Q

f(Data) = 5 MHz.

R/W

Read to Write R/W to 90% of write current; 0.3 1.0 us
WUS valid
Write to Read R/W to 90% of
100 mV Read signal envelope 0.4 1 us
[ Unselect to Select CS t0 90% of 100 mV 10 MHz
Read signal envelope 0.6 2 us
Select to Unselect CS to 10% of write current 0.4 1 us
HSO0,1 to any Head To 90% of 100 mV 10 MHz
Read signal envelope 0.2 1 us
WUS*  Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6 us
transitions; Defines max WDI
period for WUS operation
Unsafe to Safe (TD2) Fault cleared: from first 0.2 1.0 us
negative WDI transition
WbDI Frequency Range Valid WUS 1.67 25 MHz
*5<lweLh<50 mA-pH, 1 <Rh< 1.25/lw, WUS available in bonding option.
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SSI 32R2320/21/22/23/24

3V, 5V, 4-Channel

2-Terminal Read/Write Device

SWITCHING CHARACTERISTICS (continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Head Current Lh=0,Rh=0
WDl to Ix - ly (TD3) from 50% points 25 40 ns
Asymmetry WDI has 1 ns rise/fall time 1.5 ns
Rise/fall Time 10% to 90% points ;
Rwec = 2kQ, Rh=0,Lh =0 2 9 ns
Rwc = 2kQ, Rh = 30Q, Lh = 1pH 14 18 ns

Wus

wo [ M

—p| TD3 |<—
HEAD
CURRENT
(Ix - ly)

\VAAVIRVER

TD2

[N

FIGURE 1: Write Mode Timing Diagram

TABLE 1: Device Option Summary

WDI Servo Damping

Device # Type Enable Resistor Wwus
32R2320W TTL SE No No
32R2320RW TTL SE 350Q No
32R2321W ECL SE No No
32R2321RW ECL SE 350Q No
32R2322RW TTL SE DMP pin Yes
32R2323W TTL WUS/SE No Yes
32R2323RW TTL WUS/SE 350Q Yes
32R2324W ECL WUS/SE No Yes
32R2324RW ECL WUS/SE 350Q Yes
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SSI 32R2320/21/22/23/24
3V, 5V, 4-Channel
2-Terminal Read/Write Device

PACKAGE PIN DESIGNATIONS

(Top View)
32R2320 Package Options
GND [] 1 16 [] CS GND [] 1 20 [] TS
Hox [] 2 15 [] RW Hox [} 2 19 Ll RW 3
Hoy [] 3 14 [Jwe Ho [} 3 18 [ we
HIX [] 4 17 [] ROY
HIX[] 4 13 [] RDY . H
HIY[] 5 16 [] RDX
HIY[] 5 12 [] ROX
H2X |; 6 15 |] Hso
vee [ s " j HSo Hay [ 7 14 [] Hs1
ne ) 7 10 [] wol Hax [] s 13 [] ne
SE[] s 9 [] wus H3Y [] o 12 [] wol
16-Pin Packages: vee [} 1o 1[I sE
32R2320RW-2CL (SOL) 20-Pin Packages:
32R2320W-2CL (SOL)
32R2320RW-2CN (SON) 32R2320RW-4CL (SOL)
32R2320W-2CN (SON) 32R2320W-4CL (SOL)
32R2320RW-4CV (VSOP)
32R2320W-4CV (VSOP)
32R2320RW-4CVT (VTSOP)
32R2320W-4CVT (VTSOP)

CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 32R2320/21/22/23/24
3V, 5V, 4-Channel

2-Terminal Read/Write Device

32R2321 Package Options

GND[] 1 16
Hox [] 2 15
Hoy [] 3 14
HIX[] 4 13
H1Y[] 5 12
vee [ 6 11
NC[] 7 10
SE[] 8 9

[]cs
1 W
] we
[] RDY
'] ROX
[] Hso

[] wo!

] Wol

16-Pin Packages:

32R2321RW-2CL (SOL)
32R2321W-2CL (SOL)
32R2321RW-2CN (SON)
32R2321W-2CN (SON)

32R2322 Package Options

GND []
DMP ]
Hox [}
Hov []
H1X ]
H1Y [}
Hax []
Hay [}
Hax [}
Hay [}

Nic [

vee [

1 24 ;| [
2 23 [ RW
3 22 [] N
4 21 [] we
5 20 [] sE
6 19 [] ROY
7 18 [] RDX
8 17 [] HsO
9 16 [] Hst
10 15 [] NC
1 14 [] woi
12 13 [] wus

24-Pin Packages:

32R2322RW-4CVT (VTSOP)
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GND [] 1 20 [] TS

Hox [] 2 19 [] RAW
Hoy [ 3 18 [] we
HIX [ 4 17 [] RDY
HIY [ 5 16 [] RDX
Hex [ & 15 [] Hso
Hey [] 7 14 [] Hs1
Hax [| 8 13 [] woi
H3Y [} o 12 [] WDI
vee [] 10 11 []SE

20-Pin Packages:

32R2321RW-4CL (SOL)
32R2321W-4CL (SOL)
32R2321RW-4CV (VSOP)
32R2321W-4CV (VSOP)
32R2321RW-4CVT (VTSOP)
32R2321W-4CVT (VTSOP)

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 32R2320/21/22/23/24
3V, 5V, 4-Channel
2-Terminal Read/Write Device

PACKAGE PIN DESIGNATIONS (continued)

(Top View)
32R2323 Package Options 32R2324 Package Options
GND [] 1 20 [] C8 GND [] 1 20 []T8
Hox [] 2 19 [] RW Hox [] 2 19 [] RW
Hov [] 3 i8 [] we Hoy [] 3 18 [] we
HIX [] 4 17 [] ROY HiX [] 4 17 3 RDY
HIY ] 5 16 [] RDX HIY D 5 16 [] RDX
H2x [ 6 15 [] HsO H2X |i 6 15 [] Hso
Hay [] 7 14 [] Hst Hay [] 7 14 [] Hs1
Hax ] 8 13 [] ne Hax [ 8 13 [] woi
Hay [ o 12 [] woi Hay [] o 12 [] WOl
vee [} 10 1 [] wusise vee [] 10 11 [] wussse
20-Pin Packages: 20-Pin Packages:
32R2323RW-4CV (VSOP) 32R2324RW-4CV (VSOP)
32R2323W-4CV (VSOP) 32R2324W-4CV (VSOP)

CAUTION: Use handling procedures necessary
for a static sensitive component.

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for
final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

Patent Pending 3-145 .
©1991 Silicon Systems, Inc. 1093 - rev.
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SSI 32R2420
5V, 4-Channel

2-Terminal Read/Write Device

DESCRIPTION

The SSI 32R2420 is a BICMOS monolithic integrated
circuit designed for use with two-terminal recording
heads. It provides a low noise read amplifier, write
current control, and data protection circuitry for up to
four channels. This device has been designed to sup-
port servo bank write, TTL or ECL write data input, and
write unsafe output through various bond options. In
addition, versions of the devices are available with or
without internal damping resistors. When configured
with damping resistors, the resistor is switched in
during Write mode and switched out during Read
mode. Power supply fault protection is provided by
disabling the write current generator during power
sequencing. System write to read recovery time is
significantly improved by making the read channel
outputs high impedance.

The SSI132R2420 requires a single 5.0V power supply
and is available in a variety of packages. It is hardware
compatible withthe SSI132R4610A and SSI32R2020R
Read/Write devices.

Advance Information

November 1993

FEATURES

5.0V power supply

Low power

= PD = 115 mW Read mode (Nom)

= PD = 0.17 mW Idle (Max @ CS = Vcc)
High Performance:

= Read mode gain = 250 V/V

= Input noise = 0.50 nV/VHz (Nom)

= Input capacitance = 9 pF (Nom)

= Write current range = 2-30 mA

Bond options for:

= Self switching damping resistance
= Servo bank write

= TTL or ECL write data input

= Write unsafe detection

Power supply fault protection

BLOCK DIAGRAM

wus

vecz
P

HOX
HOY

READ

H1X
H1Y

AND WRITE
CURRENT

SWITCHES
(X4)

Hax
H2y

H3X
H3Y

1193
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SSI 32R2420
5V, 4-Channel
2-Terminal Read/Write Device

CIRCUIT OPERATION

The SS132R2420 hasthe ability to address up to 4two-termihal heads and provide write drive orread amplification.
Mode control and head selection are describedin Tables 1 and 2. The TTL inputs R/W, CS and DMP have-internal
pull-up resistors. The TTL inputs HS0 and HS1 have internal pull down resistors.

TABLE 1: Mode Select . TABLE 2: Head Select
cs RW SE Mode HS1 HSO Head
0 0 1 Write 0 0 0
0 1 X Read 0 1 1
1 0 X Idle 1 0 2
1 1 X Idle 1 1 3
0 0 0 Servo Write

PIN DESCRIPTION

NAME TYPE | DESCRIPTION

HSO0, HS1 I Head Select: selects one of four heads

CcS ] Chip Select: a high inhibits the chip

RW + ] Read/Write: a high selects Read mode

WuUS t 0 Write Unsafe: a high indicates an unsafe writing condition

WDI/WDI t | Write Data Input: On TTL versions, a negative transition on WDI changes the
direction of the current in the recording head. On ECL versions, a positive
transition on the WDI (negative transition on WDI changes the direction of the
current in the recording head. WDI is only present on the ECL versions.

HOX - H3X; /0 | X, Head Connections

HOY - H3Y

RDX, RDY ¢t (¢} X, Y Read Data: differential read data output

WC Write Current: used to set the magnitude of the write current

VCCH1 i Power Supply

GND ] Ground

SE | Servo Enable: A low input on this line enables the Servo Bank Write mode
when CS and R/W are both low.

WUS/SE | Write Unsafe/Servo Enable: Under normal operation, a high level output on
this pin indicates a write unsafe condition. When this pin is driven externally
above VCC and CS and R/W are both low, servo Write mode is activated.

DMP ] Damping Resistor Enable: A high (or open) level on this input enables the
switchable damping resistor. A low level on this input disables the damping
resistor.

tWhen more that one R/W device is used, signals can be wire OR'ed
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SSI 32R2420
5V, 4-Channel
2-Terminal Read/Write Device

WRITE MODE

Taking both CS and R/W low selects Write mode which
configures the device as a current switch and activates
the Write Unsafe (WUS) detector circuitry. Head
current is toggled between the X and Y side of the
selected head on each high to low transition of the
Write Data Input (WDI). Note that a preceding Read to
Write transition or Idle to Write transition initializes the
Wirite Data Flip-Flop to pass write current into the “X”
side of the device. In this case, the Y side is higher
potential than the X side. The magnitude of the write
current (0-pk) is given by:

where Aw is the write current gain.
RWC is connected from pin WC to GND. Note the
actual head current Ix, y is given by:

Ix,y= —lw__

1+ Rh/Rd

where: :

Rh = Head resistance plus external wire
resistance

Rd = Damping resistance

In Write mode a 350 damping resistor is switched in
across the Hx, Hy ports.

VOLTAGE FAULT

A voltage Fault detection circuit improves data security
by disabling the write current generator during a volt-
age fault or power startup in Read or Write mode.

WRITE UNSAFE

Any of the following conditions will be indicated as a
high level on the Write Unsafe, WUS, open collector
output.

WDI frequency too low
Device in Read mode
Device not selected

- Open head
Head short to ground

WUS is valid in the write current/head characteristic
regiondefinedby 5 <lh«Lh <50 mA - uH, and 1 < Rh
< 1.25/Ih. After the fault condition is removed, one
negative transition on WDI is required to clear WUS.

READ MODE

The Read mode configures the SSI 32R2420 as a low
noise differential amplifier and deactivates the write
current generator. The damping resistor is switched out
of the circuit allowing a high impedance input to the
read amplifier. The RDX and RDY output are driven by
emitter followers. They should be AC coupled to the
load. The HnX, HNY inputs are non-inverting to the
RDX, RDY outputs.

Note that in Idle or Write mode, the read amplifier is
deactivated and RDX, RDY outputs become high im-
pedance. This facilitates multiple R/W applications
(wired-OR RDX, RDY) and minimizes voltage change
when switching from Write to Read mode. Note also
that the write current source is deactivated for both the
Read and Idle mode.

IDLE MODE

Taking CS high selects the Idle mode which switches
the RDX and RDY outputs into a high impedance state
and deactivates the device. Power consumption inthis
mode is held to a minimum.
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SSI 32R2420
5V, 4-Channel
2-Terminal Read/Write Device

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may permanently damage the device.
PARAMETER RATING
DC Supply Voltage VCC1 -0.3t0o +7 VDC

VCC2 -0.3to +7 VDC
Write Current [\ 30 mA
Digital Input Voltage Vin -0.3to VCC1 +0.3VDC
Head Port Voltage VH -0.3to VCC2 +0.3 VDC
Output Current: RDX, RDY lo -10 mA

WUS +8 mA
Storage Temperature Tstg -55 to +150°C
RECOMMENDED OPERATING CONDITIONS
PARAMETER RATING
DC Supply Voltage 5.0+10% VDC
Recommended Head Load Range  Lh 0.3-5.0puH
WUS Operating Range lwe<Lh 5.0 -50.0 mA - uH
Head Differential Load Capacitance 15 pF max
Ambient Operating Temperature* 0-70°C

* Derating is required when in Servo Write mode.

DC CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified.

PARAMETER CONDITIONS MIN NOM MAX UNIT

VCC1 Supply Current Read 23.0 32.0 mA
Write 6+12+wf{10+13+lw] mA
Servo T+44wl2+47+lw| mA
Idle, CS = Vce 5 30 pA
Idle, CS =2.7V 250 450 PA

Power Dissipation Read 115 180 mw
Write 30+6¢w|55+7<lw| mW
Servo 35+22¢w|66+26¢lw| mW
Idle, CS = 2.7V 1.25 25 mw
Idle, CS = Vce 0.03 0.17 mwW
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SSI 32R2420
5V, 4-Channel
2-Terminal Read/Write Device

DIGITAL INPUTS
PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Low voltage (VIL) 0.8 VvDC
Input High Voltage (VIH) 2.0 VvDC
Input Low Current VIL=04 -0.4 -0.13 mA
Input High Current VIH=2.7V 0 20 UA
WUS Output Low Voltage (VOL) lol =2 mA max .35 0.5 VvDC
WRITE CHARACTERISTICS
Recommended operating conditions apply unless otherwise specirfied.
VCC1 Fault Voltage Iw<0.2mA 25 2.75 VDC
Write Current Gain (Aw) Iw =2-5mA 20.6 23.1 28.0 | mA/mA
Iw =5-30 mA 19.3 21.7 245 | mA/mA
Write Current Error Rwc = 2 kQ, head to head -5 +5 %
@ Write mode
Rwc =2 kQ, head to head -5 +5 %
@ Servo mode
Rwc = 2 kQ, Write to Servo -7 +7 %
Write Current Voltage (Vwc) 1.2 1.3 1.4 \Y
Differential Head Voltage Swing Open head, SE =1 4.0 4.8 Vpp
Open head, Vcc =5V, SE =0 4.0 438 Vpp
Unselected Head Current AC 1.0 lw | mA (pk)
DC 0.1 mA
Head Differential Load R version 300 400 500 Q
Resistance (Rd) Non-R version 2400 3000 3600 Q
WDI Pulse Width Vil< 0.8V, Vih>2.0V PWH 5 ns
t=t =1ns PWL 10 ns
Write Current Range (Iw) 2 30 mA
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SSI1 32R2420
5V, 4-Channel

2-Terminal Read/Write Device

READ CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF,

RL (RDX, RDY) = 1 kQ.

PARAMETER CONDITIONS MIN | NOM | MAX UNIT
Differential Voltage Gain Vin =1 mVpp @1 MHz 200 250 300 /A"
Voltage BW -1dB |Zs| < 5Q, Vin = 1 mVpp 20 45 MHz
-3dB 40 70 MHz
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 0.50 0.75 nVAHz
Input Noise Current 3 pANHZ
Differential Input Capacitance Vin =1 mVpp, f =5 MHz 9 14 pF
Differential Input Resistance Vin=1mVpp, f =5 MHz 500 750 1800 Q
Dynamic Range AC input voltage where gain 2 5 mVpp
falls to 90% of its small signal
gain value, f = 5 MHz
Common Mode Rejection Ratio Vin = 0 VDC + 100 mVpp 45 60 dB
@ 5 MHz
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 40 70 dB
Channel Separation Unselected channels driven 45 60 dB
with Vin = 0 VDC + 100 mVpp
Output Offset Voltage Head shorted -250 +250 mV
Head opened -300 +300 mV
Single Ended Output Resistance | f=5 MHz 60 100 Q
Output Current AC coupled load, RDX to RDY| 1.0 2.0 mA
RDX, RDY Common Mode Vee - 1.0{Vee - 1.35 [Vee - 1.70f  VDC
Output Voltage
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SSI 32R2420

5V, 4-Channel

2-Terminal Read/Write Device

SWITCHING CHARACTERISTICS

Recommended operating conditions apply unless otherwise specified. Rwc =2 kQ, Lh = 1.0 uH, Rh = 30Q

f(Data) = 5 MHz.

PARAMETER CONDITIONS MIN NOM MAX UNIT
R/W Read to Write R/W to 90% of write current; 0.3 1.0 us
WUS valid
Write to Read R/W to 90% of 0.4 1 us
100 mV Read signal envelope
CcS Unselect to Select CS t0 90% of 100 mV 10 MHz 0.6 2 us
Read signal envelope
Select to Unselect CS to 10% of write current 0.4 1 us
HSO0,1 to any Head To 90% of 100 mV 10 MHz 0.2 1 us
Read signal envelope
WUS*  Safe to Unsafe (TD1) Write mode, loss of WDI 0.6 2.0 3.6 us
transitions; Defines max WDI
period for WUS operation
Unsafe to Safe (TD2) Fault cleared: from first 0.2 1.0 us
negative WDI transition
WDl Frequency Range Valid WUS 1.67 25 MHz
Head Current Lh=0,Rh=0 25 40 ns
WDl to Ix - ly (TD3) from 50% points
Asymmetry WDI has 1 ns rise/fall time 1.5 ns
Rise/fall Time 10% to 90% points 2 9 ns
Rwc =2kQ,Rh=0,Lh=0
Rwc = 2 kQ, Rh = 30Q, Lh = 1pH 14 18 ns
*5<lweLh<50 mA-puH, 1 <Rh<1.25/lw, WUS available in bonding option.

wol /~

_’l PWL
l“ 7/
7/

/[

/ 7/

wus
—p TD3 I<__
HEAD
CURRENT \ / \
(Ix - ly) / /

//
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2-Terminal Read/Write Device

PACKAGE PIN DESIGNATIONS

(Top View)
aND [ "nl ]
HOX 2 2 ]
HoY E 3 13 ]
Hix [ |4 1w ]
HY [ s 15 ]
Hx [ |6 e ]
Hey [ |7 [ ]
Hax [ |8 B ]
H3y [ o 19 ]
vee [ |10 20 ]

20-Lead VSOP

32R2420RW-4CV (VSOP)
32R2420W-4CV (VSOP)

RW
we
RDY
RDX
HSO0
HS1
N/C

WDI

CAUTION: Use handling procedures necessary
for a static sensitive component.

vCcC

H3Y

H3X

H2Y

H2X
H1Y
H1X
HoY
HOX

GND

-

w

(&)

~

10

.
L_]o
L]

20

19

17

16

15

JUUUOuuuu

20-Lead VSOP

(Inverted)

32R2420RIW-4CV

32R2420IW-4CV

A

N/C

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for

final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914
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SSI 32D5396/5396A

Data Sync/1, 7 RLL ENDEC
with Write Precomp. and Window Shift

Advance Information

DESCRIPTION

The SSI 32D5396/96A Data Synchronizer/1, 7 RLL
ENDEC provides data recovery and data encoding for
storage systems which employ a 1, 7 RLL encoding
format. Data synchronization is performed with a fully
integrated high performance PLL. Azero phaserestart
technique is used to minimize PLL acquisition time.
The VCO frequency setting elements are incorporated
within the SSI 32D5396/96A for enhanced perfor-
mance and reduced board space. Data rate is estab-
lished with a single external programming resistor. The
SSI 32D5396/96A utilizes an advanced bipolar pro-
cess technology which affords precise decode window
control without the requirement of external devices.
The SSI 32D5396/96A requires a single +5V supply
and is available in 44-Pin PLCC and 36-Lead SOM
packages.

October 1993
FEATURES
Data synchronizer and 1, 7 RLL ENDEC
Dual bit NRZ bus
24 to 54 Mbit/s operation

- Data rate programmed with a single
external resistor or current source

Fast acquisition phase locked loop with
improved zero phase restart technique

Fully integrated data separator
- No external delay lines or active devices
required

Programmable decode window symmetry
control

- Includes delayed read data and VCO clock
monitor points

Programmable write precompensation

Hard and soft sector operation

Uses standard 5V + 5% supply
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SSI 32D5396/5396A
Data Sync/1, 7 RLL ENDEC

with Write Precomp. and Window Shift

FUNCTIONAL DESCRIPTION

DATA/CLOCK RECOVERY CIRCUIT

The circuit is designed to perform data recovery and
dataencoding in rotating memory systems which utilize
a1, 7 RLL encoding format. Inthe read mode the circuit
performs data synchronization, sync field search and
detect, address mark detect, and data decoding. Inthe
write mode, the circuit converts NRZ data into'the 1, 7
RLL format described in Table 1, performs write
precompensation, generates the preamble field and
inserts address marks as requested.

This data rate is established by a single 1% external
resistor, RR, connected from the IREF pinto VPA. This
resistor establishes a reference current which sets the
VCO center frequency and the phase detector gain.
The value of this resistor is given by:

RR = (185/DR) - 1.7 kQ

Where: DR = data rate in Mbit/s

Alternately, the IREF pin can be driven from the SSI
32D4666 in a constant density recording application.

4.3
185/DR - 117

The circuit employs a dual mode phase detector; har-
monic in the read mode and non-harmonic in the write
and idle modes. In the read mode, the harmonic phase
detector updates the PLL with each occurrence of a
DLYD DATA pulse. In the write and idle modes, the
non-harmonic phase detector is continuously enabled,
thus maintaining both phase and frequency lock. By
acquiring both phase and frequency lock to the input
reference frequency and utilizing a zero phase restart
technique, false lock to DLYD DATA is eliminated.

The phase detector incorporates a charge pump in
order to drive the loop filter directly. The polarity and
width of the output current pulses correspond to the
direction and magnitude of the phase error.

The READ GATE (RG) and WRITE GATE (WG) inputs
control the mode of the data/clock recovery section of
the chip.

RG is an asynchronous input that should be initiated at
the start of a valid preamble or address mark. WG is
also an asynchronous input, but should not be termi-
nated prior to the last output write data pulse.

IREF (MA) =

4-2

READ OPERATION

The data synchronizer utilizes a fully integrated fast
acquisition PLL to accurately develop the decode
window. Read Gate, RG, initiates the PLL locking
sequence and selects the PLL reference input; a high
level (Read Mode) selects the RD input and a low level
selects the external reference clock.

In the read mode the falling edge of DRD enables the
phase detector while the rising edge is phase com-
pared to the rising edge of VCO. As depicted in Figure
1,DRDis a 1/3 cellwide (TVCO/2) pulse whose leading
edge is defined by the leading edge of RD. A decode
window is developed from the VCO clock.

Shifting the symmetry of the VCO clock effectively
shifts the relative position of the DRD pulse within the
decode window. Decode window control is provided
via the WS controls.

In the non-read modes, the PLL is locked to the
external reference clock. When the reference input to
the PLL is switched, the VCO is stopped momentarily,
then restarted in an accurate phase alignment with the
next PLL reference input pulse, and the VCO clock
divider is reset.

ADDRESS MARK DETECT

In soft sector read operation the circuit must first detect
anaddress mark to be able to initiate the rest of the read
lock sequence. An address mark consists of two sets
of 7 “0” patterns followed by two sets of 11 “0” patterns.
To begin the read lock sequence the Address Mark
Enable (AMENB) is asserted low by the controller. The
address mark detect (AMD) circuit then initiates a
search of the read data (RD) for an address mark. First
the AMD looks for a set of 6 “0”s within the 7 “0”
patterns. Having detected a 6 “0” the AMD then looks
fora 9 “0” setwithinthe 11 “0”s. If AMD does not detect
9 “0"s within 5 RD bits after detecting 6 “0”s it will restart
the address mark detect sequence and look for 6 “0”s.
When the AMD has acquired a 6 “0,” 9 “0” sequence,
the AMD transitions low. AMD will remain low for the
duration of AMENB. When AMENB is released, AMD
will be released.

PREAMBLE SEARCH

After the Address Mark (AM) has been detected, a
Read Gate (RG) can be asserted high, initiating the
remainder of the read lock sequence. When RG is
asserted, an internal counter counts positive transi-
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tions of the incoming read data (RD) looking for 3
consecutive “3T” preambles. Once the counter reaches
count 3 the internal read gate enables, switching the
phase detector fromthe external reference clock to the
delayed read data input (DRD); at the same time azero
phase (internal) restart signal restarts the VCO in
phase with the DRD. This prepares the VCO to be
synchronized to data when the bit sync circuitry is
enabled after VCO lock is established.

VCO LOCK AND BIT SYNC ENABLE

When the internal counter counts 16 more data pulses
or a total of 19 positive transitions from RG enable, an
internal VCO lock signal enables. The VCO lock signal
activates the decoder bit synchronization circuitry to
define the proper decode boundaries. Also, at count
19, the internal RCLK source switches from the exter-
nal reference clock to VCO clock signal which is phase
locked to DRD. The VCO is assumed locked at this
point. A maximum of 2 RCLK time periods may occur
for the RCLK transition, however, no short duration
glitches will occur. After the bit sync circuitry sets the
proper decode window (VCO in sync with RCLK and
RCLK in sync with the data) NRZ is enabled and data
is toggled in to be decoded for the duration of the read
gate.

HARD SECTOR OPERATION

In hard sector operation, a high AMENB disables the
Address Mark Detection circuitry and AMD remains
inactive. A hard sector read operation does not require
an address mark search but starts with a preamble
search as with soft sector and sequences identically. In
allrespects, with exception to the address mark search
sequence, hard sector read operation is the same as
soft sector read.

WRITE MODE

Inthe write mode the circuit converts NRZ datafromthe
controller into 1, 7 RLL formatted data for storage on
the disk. The circuit can operate with a soft or hard
sector hard drive.

In soft sector operation the circuit generates a
“7,7,11,11” address mark and a preamble pattern
(“3T’s”). In hard sector operation the circuit generates
a19x “3T” preamble pattern but no preceding address
mark.

NRZ data is clocked into the circuit and latched on

4-3

defined cell boundaries. The NRZ input data must be
synchronous with the rising edges of the WCLK.

Write precompensation circuitry is provided to com-
pensate for media bit shift caused by intersymbol
interference. The circuit recognizes specific write data
patterns and can add or subtract delays in the time
position of write data bits to counteract the read back
bit shift. The magnitude of the time shift, TPC, is
determined by an external resistor on the WCS pin.
The circuit performs write precompensation according
to the algorithm outlined in Table 4.

The SSI 32D5396 includes an internal write data flip-
flop that divides the WD frequency by 2. The SSI
32D5396A does not include the WD flip-flop, so this
device must be used with a preamp that includes a WD
flip-flop.

SOFT SECTOR

In soft sector operation, when read gate (RG) transi-
tions low, VCO source and RCLK source switch from
RD and 2VCO/3, respectively, to the external refer-
ence clock. At the same time the VCO (internal) lock
goes inactive but the VCO is locked to the external
reference clock. After delay of 1 NRZ time period (min)
from RG low, the write gate (WG) can be enabled low
while NRZ is maintained (NRZ write data) low. The
address mark enable (AMENB) is made active (low) a
minimum of 1 NRZ time period later. The address mark
(consisting of 7 “0”s, 7 “0”s, 11 “0”s, 11 “0"s) and the
19 x “3T" preamble is then written by WD. While the
preamble is being written, WCLK is clockingin anall “0”
NRZ bit pair. At the end of the write cycle, 8 WCLK
cycles of NRZ “0” time passes to insure the encoder is
flushed of data; WG then goes high. WD stops toggling
amaximum of 1 NRZ time periods after WG goes high.

HARD SECTOR

In hard sector operation, when read gate (RG) transi-
tions low, VCO source and RCLK switch references
and VCO lock (internal) goes inactive as with soft
sector but the AMENB (Address Mark Enable) is kept
high.

The circuit then sequences from RG disable to WG
enable and NRZ active as in soft sector operation.
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TEST POINTS

The SSI 32D5396 provides two (2) test points which can be utilized to evaluate window margin
characteristics.

(a) DRD, delayed read data — the positive edges represent the data bit position

(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and
1,7 decoder

The following figure describes the relationship between the various test points:

DRD

VCO REF —J I | |

FIGURE 1: Test Point Relationships

1,7 RLL DATA 0 ’ 1 l 0
ki (‘_J
—»’ 113 Cell |1——
vco A‘ /P/ L
DECODE WINDOW * i‘—+—”<—"

PHASE DET
ENABLE *

’ w

»
!

NRZ BIT CELL L

[«

NOTE: * Denotes internal signal

S

FIGURE 2: Data Synchronization Waveform
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| NRzt

NRZO NRZ1 NRZ0

KK -

n >< t=n X t=n+1 >< t=n+1 >< NRZ DATA
{
T

PRESENT

|
XYZXYSXW
|

1,7 CODE

XXX

PREVIOUS
CODE WORD

l NEXT
CODE WORD

LAST BIT

|
!

l I FIRST BIT
1 CODE WORD

FIGURE 3: NRZ Data Word Comparision to 1, 7 Code Word
(See Tables 1, and 2 for Decode Scheme)

A /
e 7
NRZ1 NRZ0 NRZ1 NRZ0 NRZ1 NRZ0
L/ /
7/ /
i¢—— DATA 0 —Pp+¢—— DATA 1 —Pp1¢—— DATA2 ——

————————p READ/WRITE DIRECTION ———p»>

FIGURE 4: Parallel/Serial Conversion Format
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DECODED DATA

ZaXNo
ZOCN

ENCODED READ DATA

TABLE 1: Decode Table for (1, 7) RLL Code Set

Next
YY
1

Present
YYY
23

1

Previous
YY

2'3

Data Sync/1, 7 RLL ENDEC
with Write Precomp. and Window Shift

SSI 32D5396/5396A

1
1
1
0

1

0 0 (Preamble)
Present

0
9
1
1

ENCODED WRITE DATA

X X
X X
X X
X X
00
1
00
10
0 1
X X
X X
X X
X X
Previous

01

0
0

000
000
000
100
01
01
01
01
01
01
001
001
001
101

Don't Care

NRZ DATA

00
1

01

X X

X0

X0

X0

X1

X 1

X1
00

]

0 1

X X

NOTE: X

TABLE 2: Encode Table for (1, 7) RLL Code Set
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TABLE 3: Clock Frequency

WG | RG | VCOREF RCLK DECCLK | ENCCLK | MODE
1 0 FREF ° FREF/3 N/A N/A IDLE
1 1 RD VCO/3 VvCO FREF READ
0 0 FREF FREF/3 FREF FREF WRITE
0 1 Undefined | Undefined | Undefined | Undefined [Undefined
Note 1: Until the VCO locks to the new source, the VCO entries will
be FREF.
2: Until the VCO locks to the new source, the VCO/3 entries will
be FREF/3.

TABLE 4: Write Precompensation Algorithm

BIT | BIT | BIT | BIT | BIT COMPENSATION
n2 | n1 n n+1 | n+2 BITn
1 0 1 0 1 NONE
0 0 1 0 0 NONE
1 0 1 0 0 EARLY
0 0 1 0 1 LATE
LATE: Bit nis time shifted (delayed) from its nominal
time position towards the bit n+1 time position.
EARLY: Bit n is time shifted (advanced) from its nominal
time position towards the bit n-1 time position.

TABLE 5: Write Precompensation Magnitude

WPT WPO MAGNITUDE (WP)
0 0 3
0 1 2
1 0 1
1 1 0

TPC = WP x TPCO
The nominal magnitude, TPCO is externally set
with a resistor on pin WCS.

TABLE 6: Window Shift Direction

WSD - | DIRECTION
0 Early window (+TS)
1 Late window (-TS)
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TABLE 7: Window Shift Magnitude

w2 Wi Wo MAGNITUDE (TS0)

1 1 1 No shift

1 1 0 4% Minimum shift

1 0 1 8%

1 0 0 12%

0 1 1 15%

0 1 0 18%

0 0 1 20%

0 0 0 22% Maximum shift
With resistor, RRS, connected between pins RS and VPA:
TS = TS0 [RRS/(RRS + 0.8)]
2kQ < RRS ‘

PIN DESCRIPTION

INPUT PINS

NAME TYPE | DESCRIPTION

VPA1, VPA2 l 5 volt analog power supply pins

VPD | 5 volt digital power supply pin

AGND - Analog ground pin

DGND - Digital ground pin

AMENB | ADDRESS MARK ENABLE. Used to enable the address mark detection and
address mark generation circuitry. Active low TTL input levels.

DwW | DIRECT WRITE ENABLE. Used to enable the direct write mode. A high level
allows normal write operation. A low level enables the encoder bypass path
mode. In this bypass mode, NRZ0 will directly clock the WD Flip-Flop while
WG = 0. Pin DW has an internal pull up resistor. TTL input levels.

EPD | ENABLE PHASE DETECTOR. A low level (coast mode) disables the phase
detector and enables the Test Mode. This opens the PLL and the VCO will run
at the frequency commanded by the voltage on the VCO IN pin. (In the Test
Mode, functions normally driven by the VCO are switched to FREF.) Pin EPD
has an internal pull-up resistor. TTL input levels.

FREF/FREF i REFERENCE FREQUENCY INPUT. The input frequency is at one and one-
half times the data rate. FREF/FREF should be driven by direct coupled
differential PECL signals.

RD, RD | READ DATA. Encoded Read Data from the disk drive read channel. Differen-

tial +5 volts offset ECL (PECL) input levels.
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INPUT PINS (continued)

NAME TYPE | DESCRIPTION

RG | READ GATE. Selects the PLL reference input and initiates the PLL synchro-
nization sequence. A high level selects the RD input and enables the read
mode/address detect sequences. A low level selects the XTAL input. See
Table 2. TTL input levels.

0, W1, W2 I WINDOW CONTROL BITS. In Read Mode, pins WO and W1 and W2 control
the magnitude of the decode window shift. Each pin has an internal pull-up
resistor. TTL input levels.

WCLK | WRITE CLOCK. Write mode dual-bit clock. Must be synchronous with the
NRZ input. For short cable delays, WCLK may be connected directly to pin
RCLK. For long cable delays, WCLK should be connected to an RCLK return
line matched to the NRZ data bus line delay. TTL input levels.

PO ,WP1 | WRITE PRECOMPENSATION CONTROL BITS. In Write Mode, pins WP0
and WP1 control the magnitude of the write precompensation. Each pin has
an internal pull-up resistor. TTL input levels.

WG | WRITE GATE. Enables the write mode. See Table 2. Active low TTL input
levels.

WSD | WINDOW SYMMETRY DIRECTION CONTROL. Controls the direction of the
decode window shift. Pin WSD has an internal pull-up resistor. TTL input
levels.

OUTPUT PINS

AMD o} ADDRESS MARK DETECT. Tristate output pin that is in its high impedance

state when WG is low or AMENB is high. When AMENB is low, this output
indicates address mark search status. A latched low level output appears
when an address mark has been detected. A high level on pin AMENB resets
pin AMD. TTL output levels.

o
=y
w)
o]

DELAYED READ DATA. An open emitter ECL output test point. The positive
edges of this signal indicate the data bit position. The positive edges of the
DRD and VCO_REF outputs can be used to estimate window centering. The
time jitter of DRD’s positive edge is an indication of media bit jitter. Two
external resistors are required to use this pin. They should be removed during
normal operation to reduce power dissipation.

FOEN 0 REFERENCE CLOCK ENABLE. When this output is high, the FREF clock is
controlling the internal timing. When this output is low, the FREF clock is
internally disabled. The output from pin FOEN canbe used to disable the clock
applied to the FREF pin to reduce VCO jitter during read modes. TTL output
levels.

RCLK o} READ CLOCK. A multiplexed dual-bit clock source used by the controller, see
Table 2. During a mode change, no glitches are generated and no more than
one lost clock pulse will occur. When RG goes high, RCLK initially remains
synchronized to FREF/3. After 19 read data pulses, RCLK is synchronized to
the Read Data. When RG goes low, RCLK is synchronized back to the
FREF/3. TTL output levels.

4-9
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PIN DESCRIPTION (continued)
OUTPUT PINS (continued)

NAME

TYPE

DESCRIPTION

SD

0]

SYNCHRONIZED DATA. An open emitter PECL output test point. Synchro-
nized data before the decoder. Two external resistors are required to use this
pin.. They should be removed during normal operation to reduce power
dissipation.

VCO REF

VCO REFERENCE. An open emitter PECL output test point. This is the VCO
reference input to the phase detector. The positive edges are phase locked to
Delayed Read Data. The negative edges of this open emitter output signal
indicate the edges of the decode window. Two external resistors are required
to use this pin. They should be removed during normal operation to reduce
power dissipation.

WD, WD

WRITE DATA. Encoded write data output. The data is automatically
resynchronized (independent of the delay between RRC and WCLK) to the
FREF reference clock. Differential PECL output levels. Termination resistors
are required. :

BIDIRECTIONAL P

INS

NRZ0, NRZ READ DATA PORT. Dual-bit port. Read data output when RG is high,

NRZ1 Write data input when WG is low. TTL input and output levels.

ANALOG PINS

IREF ! CURRENT REFERENCE INPUT. The VCO center frequency, the 1/3 cell
delay, and the phase detector gain are a function of the current sourced into
this pin.

PD OUT (0] PHASE DETECTOR OUTPUT. Drives the loop filter input.

RS 1 WINDOW SYMMETRY ADJUST PIN. This pin allows analog adjustment of
the decode window shift magnitude. Used in conjunction with the digital
controls W) and W!'and W@ this pin can be used to scale the magnitude of
the preset window shift. Connect resistor to VPA.

VCOIN | VCO CONTROL INPUT. Driven by the loop filter output.

WCS l WRITE PRECOMPENSATION SET. Pin for the reference current to set the

| write precompensation magnitude value. Connect resistor to VPA.
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may damage the device.

PARAMETER RATING

Supply Voltage, VPA1, VPA2, VPD -0.3to 6V

Storage Temperature -65t0 150 °C

Lead Temperature (Soldering 10 sec.) 260 °C

FOEN,NRZ, WD, WD, AMD, DRD,

VCOREEF pins -0.3 to (VPA/VPD+0.3)V or +12 mA
All other pins -0.3 to (VPA/VPD+0.3)V

RECOMMENDED OPERATING CONDITIONS

Supply Voltage, VPA1 = VPA2 = VPD = VCC 475 < VCC < 5.25V
Junction Temperature, Tj 0<Tj<135°C
Ambient Temperature, Ta 0<Ta<70°C

ELECTRICAL CHARACTERISTICS
Unless otherwise specified, 4.75 < VPA/VPD < 5.25, 0°C < T(ambient) < 70 °C, 25 °C < T(junction) < 135 °C.
Currents flowing into the chip are positive. Current maximums are currents with the highest absolute value.

POWER SUPPLY CURRENTS AND POWER

PARAMETER CONDITIONS MIN NOM MAX UNIT
ICC (VPA, VPD) Outputs and test point pins 180 mA
Supply Current open, Ta=70°C

PWR QOutputs and test point pins 0.9 w
Power Dissipation open, Ta=70°C

DIGITAL INPUTS AND OUTPUTS

TTL Compatible Inputs: AMENB, EPD, DW, RG, W0, W1, W2, WCLK, WG, WP0, WP1, NRZ0, NRZ1,
WSD Pins

Input Low Voltage (VIL) -0.3 0.8 \
Input High Voltage (VIH) 2.0 VPD+0.3 \
Input Low Current VIiL=04V 0.0 -0.4 mA
Input High Current VIH=24V 100 MHA
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DIGITAL INPUTS AND OUTPUTS (continued)
TTL Compatibie Outputs: AMD, FOEN, NRZ0, NRZ1, RCLK pins

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Output Low Voltage lol = 4.0 mA 0.5 \"
Output High Voltage loh= -400pA 2.4 \%

Digital Differential Inputs: RD, RD, FREF, FREF pins

Input Low Voltage (VIL) VPA-2.2 VIH-0.5 \Y
Input High Voltage (VIH) VIL+0.5 VPA-0.5 Y
Differential Voltage |VrD - VRD| 0.5 v
Input Low Current VIL = Min -100 LA
Input High Current VIH = Max +100 A

Digital Differential Outputs: WD, WD pins

Output Low Voltage lol =TBD VPD-2.1 \"
Output High Voltage loh =TBD VPD-0.7 Vv
Differential Voltage |Vwo - Vo) 0.5 v

Test Point Output Levels

Test Point Output , 262Q to VPA, VPA \Y
High Level (DRD, VCOREF) 402Q to GND, VPA =5V -1.02

Test Point Output 262Q to VPA, VPA \Y
Low Level (DRD,VCOREF) 402Q to GND, VPA =5V -1.625

4-12
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DYNAMIC CHARACTERISTICS AND TIMING

READ MODE (See Figure 5)

PARAMETER CONDITIONS MIN NOM | MAX UNIT

Read Data Pulse Width (TPRD) 8 (2)T\i/;CO ns

Read Data Rise Time (TRRD) 20% to 80%, CL < 10 pF 5 ns

Read Data Fall Time (TFRD) 80% to 20%, CL < 10 pF 5 ns

Read Clock Rise Time (TRRC) 0.8Vto 2.0V, CL<15pF 5 ns

Read Clock Fall Time (TFRC) 2.0Vto 0.8V,CL< 15pF 5 ns

NRZ (out) Set Up & : 10 ns

Hold Time (TDS, TDH)

RCLK Low Time (TLRC) 0.8V, CL<15pF 13 ns

RCLK High Time (THRC) 2.0V,CL<15pF 15 ns

AMD Set Up & 13 ns

Hold Time (TAS, TAH)

RRC re-sync period (Tdc2) TORC (2)TORC] ns

Decode Window Centering +0.75 ns

Accuracy

Decode Window TVCO -0.75 ns

WRITE MODE (See Figure 6)

Write Data Rise Time (TRWD)| 20% to 80% Points 5 ns
110Qto VPD, 160Qto DGND

Write Data Fall Time (TFWD) | 80% to 20% Points 5 ns
110Qto VPD, 160Qto DGND

Write Data Clock Rise Time 0.8Vito 2.0V, 10 ns

(TRWC) CL<15pF

Write Data Clock Fall Time 2.0Vto 0.8V, 8 ns

(TFWC) CL<15pF

NRZ Set Up Time (TSNRZ) 5 ns

NRZ Hold Time (THNRZ) 5 ns

Precompensation Time Shift TPCO = 0.22 (Rc + 0.53)

Magnitude Accuracy (TPC) Rc min=1 kQ, TPC max=0.3TFREF
WO =1, W1 =1 -0.5 05 ns
WO =0, Wi =1 TPCO ns
W0 =1, W1 =0 2TPCO ns
WO =0, W1 =0 3TPCO ns
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DATA SYNCHRONIZATION
PARAMETER CONDITIONS MIN NOM | MAX UNIT
VCO Center Frequency VCO IN=2.7V,VPA=VPD=5V 0.8TO 1.2TO ns
Period (TVCO) TO=3.6 (RR+1.7),
| RR=(185/DR)-1.7K
VCO Frequency 1.0V<VCOIN +25 +45 %
Dynamic Range <VPA-0.6V
VPA=VPD =5V
VCO Control Gain (KVCO) wo = 2rn/TVCO 0.14 wo 0.26 wo| rad/s V
1.0V<VCOIN
<VPA-0.6V
Phase Detector Gain (KD) VPA =VPD =5V 0.83KD 1.17KD| pAlrad
Read: KD = 660/(RR+0.53)
PLL REF = RD, 1T Pattern
Non-Read: KD = 330/(RR+0.53)
KVCO x KD Product Accuracy 0 +28 %
VCO Phase Restart Error Referred to RRC 0 +1 rad
1/3 Cell Delay TD=1.8 (RR + 1.7); RR = kQ 0.8TD 1.2TD ns
Phase Detect Centering TVCO 0 5 %
i
%)
MODE CONTROL
WG RG AMENB | MODES DESCRIPTION

1 0 1 Idle Idle mode. VCO locked to external FREF reference.
RCLK synchronized to FREF. AMD ‘tri-state.

1 0 0 AM Search Read mode Address Mark search. VCO locked to exter-
nal FREF reference. RCLK synchronized to FREF. AMD
active.

1 1 1 Read Data Read mode preamble search and data acquisition. VCO
switched from FREF to RD after preamble lock. RCLK
synchronized to RD after 19 “3T” patterns.

1 0 Undefined lllegal state.

0 0 0 Write AM Write mode Address Mark insertion. VCO locked to
external FREF reference. WD, WD active. AMD tri-state.

0 0 1 Write Data Write mode preamble insertion and data write. VCO
locked to external FREF reference. RCLK synchronized
to FREF. WD, WD active. AMD tri-state.

0 1 1 Undefined lllegal state.

1 0 Undefined lllegal state.
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15V
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dl

Ll L4

FIGURE 5: Read Timing
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FIGURE 6: Write Timing
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PACKAGE PlN DES'GNAT'ONS CAUTION: Use handiing procedures necessary

(Top View) for a static sensitive component.
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SSI 32D4666

Time Base Generator

DESCRIPTION

The SSI132D4666 is a high performance bipolar device
that provides a programmable frequency reference
and four internal control DACs to support hard disk
drive applications that use zoned recording
techniques. It is optimized for use with the 32P3000
family of pulse detector/filter devices and the 32D53X
family of data separators. The frequency reference can
be programmed up to 108 MHz with better than 1%
resolution. The 7-bit DACs provide control of the 3 dB
cutoff frequency and pulse slimming of the electronic
filter, the hysteresis level of the pulse qualifier, and the
center frequency of the data separator. A single
latched TTL output is also provided to control switching
of external loop filter components on the data
separator. A serial microprocessor interface reduces
the pin count and provides convenient access to the
internal program storage registers. The 32D4666
requires a +5 VDC supply and is available in a 24-lead
SO and VSOP package.

September 1993

FEATURES

Programmable frequency output up to
108 MHz

1% frequency resolution
Differential PECL reference clock input (FREF)

Differential PECL frequency reference output
(FOUT)

7-bit DAC for data separator center frequency
control (DACI)

7-bit DAC for filter Fc control (DACF)

7-bit DAC for filter boost/equalization control
(DACS)

7-bit DAC for hysteresis level control (DACP)
+5 VDC operation ’

Available in small footprint 24-lead SOL and
VSOP packages

Preliminary Data

BLOCK DIAGRAM

FREF {1 FOUT = FIN (m £ }>
FREF FouT

FCO

VR3

IR DACF VRP DACP DACS SDEN SDATA SCLK
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FUNCTIONAL DESCRIPTION

FREQUENCY REFERENCE OPERATION

The 32D4666 programmable frequency reference
accepts a differential PECL compatible clock source
andgenerates adifferential PECL compatible reference
output (FOUT/FOUT). The output frequency of FOUT
is controlled by programming internal M and N counters
to set up internal divide-by ratios. The 7-bit N register
setsthe divide-by factor for the input clock source. This
will determine the update frequency for the phase
detector. The value of this register is set based upon
the frequency of the input clock according to the
following equation:

N = [(FIN x 256)/108] - 1
where FIN is in MHz

The 8-bit M register sets the divide-by term forthe VCO
reference clock feeding back into the phase detector
and determines the center frequency of the VCO. The
value set in the M register is independent of the input
clock frequency. The value of the M register is
determined by the following equation:

FOUT = [(M+1)/(N+1)] x FIN

DAC OPERATION

The output of each of the four 7-bit DACs is controlied
by programming the associated register. In addition,
each DAC has a reference input that determines the
maximum DAC output. The following equations are

used to calculate the DAC outputs:

IbacF = IR x FREG x 4/127 mA

SERIAL PORT OPERATION

The 32D4666 provides a simple serial port interface
that allows programming of the device’s internal
registers. The write-only serial port is a three-line
interface that requires an enable signal (SDEN) along
with clock (SCLK) and data (SDATA) signals to program
the internal registers of the 32D4666. Data is shifted
into the registers in 8-bit bytes that are divided into four
bits of address and four bits of data. To load data into
the device, the enable pin (SDEN) is asserted for eight
clock cycles during which data canbe presented onthe
SDATA input pin. Data on the SDATA pin is clocked
into the device on the falling edges of the clock signal
provided on the SCLK pin. The falling edge of SDEN
latches the data internally and initiates the function
selected. To save power the serial port circuitry is
powered down when the SDEN line is low. Because of
this, there is a minimum set-up and hold time for the
SDEN signal (refer to specifications.) Table 1 provides
the address-to-function mapping for the internal
registers.

Ibact = (7.41E - 2 x IREG)/RR mA, where RR is in kQ
Voacp = [2 x PREG x (VRP - (VCA - VR3)))/127V

Vbacs = (SREG x VR3)/127V
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TABLE 1: Data Packet Fields (X = Don't care bit)

ADDRESS BITS REGISTER DATA BITS
D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 0 P Register X P6 P5 P4
0 1 0 1 P Register P3 P2 P1 PO
0 1 1 0 | Register X 16 15 14
0 1 1 1 | Register 13 12 ] 10
1 0 0 0 S Register X Sé S5 S4
1 0 0 1 S Register S3 S2 St SO
1 0 1 0 F,C Register  CO F6 F5 F4
1 0 1 1 F Register F3 F2 F1 FO
1 1 0 0 M Register M7 M6 M5 M4
1 1 0 1 M Register M3 M2 M1 MO
1 1 1 0 N Register X N6 N5 N4
1 1 1 1 N Register N3 N2 N1 NO

Clocksdatabit ! ¢ !
—>

|1
| SDEN Hold wrt SCLK falls -f—h e lfoEN falls
[ efore next
| SDEN Setup wrt SCLK falls LK e
SDEN l
SDATA Setup SDATA Hold wrt SCLK falls
wrt SCLK falls | |
—»

f | '
SDATA ><D7><Ds><os><o4><os><02><o1 Do
| |

3

Loads data into register

FIGURE 1: Serial Port Timing Relationship
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PIN DESCRIPTION

INPUT PINS

NAME TYPE | DESCRIPTION

AGND | Analog ground pin.

DGND | Digital ground pin.

VCA,B I +5V analog power supply pins.

VCD I +5V digital power supply pin.

FOEN | Thisis a TTL compatible input that disables the output buffer of the FOUT pin
witha TTL low signal. This function is used to reduce jitter when the reference
output is not required.

FREF/FREF | Reference clock inputs. An 8 to 20 MHz differential PECL reference clock is
applied to these input pins. This serves as the reference for the internal PLL.

IR | Reference Current Input. The current appliedto this pin provides the reference
for DACF.

SDATA I Serial port input data. Data input for an 8-bit internal shift register. The data
packetis transmitted MSB (D7) first. The first four bits are the register address
and the last four bits are the data value. For loading data into both registers of
aDAC orthe M and N counters, itis suggested that the registers be loaded with
a minimum delay between packets to reduce the output transients.

SCLK | Serial Data Clock. Serial data is clocked into the internal shift register on the
falling edge of this input.

SDEN | Serial Data Enable. A high level TTL input on this pin will enable the clocking
of the internal shift register. The data in the shift registeris latched onthe falling
edge of SDEN.

VR3 | Reference Input Voltage. The voltage applied to this pin establishes the
reference for DACS.

VRP i Reference Input Voltage. The voltage applied to this pin establishes the
reference for DACP.
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OUTPUT PINS

NAME TYPE | DESCRIPTION

DACF (0] Current DAC output. The output of this 7-bit current DAC is determined by the
contents of the F register and the current applied to the IR pin.

DACI o} Current DAC output. The output of this 7-bit current DAC is determined by the
contents of the | register and the resistor across the VR1/VR2 pins.

DACP (0] Voltage DAC output. The output of this 7-bit voltage DAC is determined by the
contents of the P register.

DACS (6] Voltage DAC output. The output of this 7-bit voltage DAC is determined by the
contents of the S register.

FCO O Filter Control Output. This is a latched TTL output that can be used to switch
an external FET for changing the components of the data separator loop filter.
When C0is setto TTL high (“1”) inthe F register, the FCO output will be high.

FOUT/FOUT (0] Frequency Output. A differential PECL frequency reference output that is
determined by the M and N registers and the FREF/FREF input frequency.
This output should be AC coupled into the reference input of the data separator
device.

ANALOG PINS

FLTR - PLL loop filter. An RC filter is connected to this pin to control the VCO voltage.

VR1/VR2 - Current setting resistor. A resistor is connected between these pins to set the

current reference for DACI.
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ELECTRICAL SPECIFICATIONS

Unless otherwise specified, the recommended operating conditions are as follows: 4.65V < POSITIVE
SUPPLY VOLTAGE < 5.25V, 0°C < T (ambient) < 70°C, and 25°C < T(junction) < 135°C. Currents flowing
into the chip are positive. Current maximums are currents with the highest absolute value.

ABSOLUTE MAXIMUM RATINGS
Operation beyond the maximum ratings may damage the device.

PARAMETER RATING

Storage Temperature -65 to 150°C
Junction Operating Temperature, Tj +150°C

Positive Supply Voltage (VCA, VCB, VCD) -0.5Vto 7V
Voltage Applied to Logic Inputs -0.5V to Vp+0.5V

RECOMMENDED OPERATING CONDITIONS

Positive Supply Voltage (VCA, VCB, VCD) 4.65V to 5.25V
Junction Operating Temperature, Tj 0<Tj<130°C
Ambient Temperature, Ta 0<Ta<70°C

POWER SUPPLY CURRENT AND POWER DISSIPATION

PARAMETER CONDITIONS MIN NOM MAX UNIT
ICC (VCA, B, D) Outputs and test point pins open 77 110 mA
Pd Power Dissipation Outputs and test point pins open 385 540 mw

TTL COMPATIBLE INPUTS

Input low voltage VIL 0.8 Vv
Input high voltage VIH 20 \'
Input low current L | ViL=0.4V -1.5 mA
Input high current IIH | VIH=2.7V 20 HA

TTL COMPATIBLE OUTPUTS

Output low voltage VOL | IOL=2.0mA 0.5 Vv
Qutput high voltage VOH | IOH =-400 pA 24 \"
PECL OUTPUT LEVELS (FOUT/FOUT)

Output high level VCA=5.0V VCA-1.02 \
Output low level VCA=50V VCA-1.45 \Y
Single-ended output voltage swing | VCA=5.0V 0.75 0.95 \"
Qutput current IFOUT -4.0 +4.0 mA
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PECL INPUT LEVELS (FREF/FREF)

PARAMETER CONDITIONS MIN NOM MAX UNIT
input high level VFIH | VCA=50V VFIL-0.5 VCA-0.5 \'
Input high current IFIH 100 HA
Input low level VFIL | VCA=50V VCA-2.2 VFIH-0.5 \"
Input low current IFIL -100 HA
Differential input VCA=5.0V 0.5 \Y

FREQUENCY REFERENCE OUTPUT
Unless otherwise specified, FOUT = 30 MHz; loop filter components are C1 = 3300 pF C2 = 270 pF,
R1=4.12kQ; 4.65V <VCn<5.25V;0<Ta<70°C.

Reference frequency FIN 8 20 MHz
Output frequency FOUT 108 MHz
Output jitter JFO 0.5% |ps(RMS)
x TVCO
Output duty cycle DFO | 50% amplitude, FOUT = 108 MHz | 42 58 %
M counter value 80 255
N counter value 18 127
RR resistor value 45 5.25 kQ
VCO center frequency TVCO | TVCO = (4.01 E-10) (RR/M)  |0.77 TVCO 1.23 TVCO ns
+ 2.4 nsec; VCA = 5.0V,
RR =4.75kQ, FLTR = 2.7V,
M =100, FIN = 20 MHz
VCO dynamic range 1V<FLTR<VCA-05 +25 +45 Y%
FOUT = 108 MHz, VCA = 5.0V
VCO control gain KVCO =2n/TVCO 0.14 wi 0.26 wi {rad/sV
Phase detector gain KD = (4.39E - 3) x M/RR Kb AJrad
CONTROL DACS
- Differential linearity (monotonicity) | DACF, |, P, S -1LSB
0<Ta<70°C
4.75V < VCA £5.25V
DACF output current IOF | VCA=5.0V 0.97 1.04 A
IOF = (0.98) x F x 4 x IR)/127 IOF IOF
Rx =2.74 kQ -3/4LSB +3/4LSB
IR = VR3/(4 x Rx)
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ELECTRICAL SPECIFICATIONS (continued)

CONTROL DACS (continued)

PARAMETER CONDITIONS MIN NOM MAX UNIT
Rx resistor value 25 3.0 kQ
DACF output resistance 3.7 kQ
DACI output accuracy VCA =5.0V 0.95x 101 1.05x 101 A

10l = (7.421E - 2) x I/RR -3/4 LSB +3/4 LSB

RR =4.75kQ
DACU/F output voltage 2 \
DACP output voltage VOP | VCA=5.0V 0.97Vv 1.04V

VOP =2x P x|[VRP- (VCA- VR3)}127 | -3/4LSB +3/4LSB \

RR =4.75kQ -25 mV +25 mV

VR3 =2.2V

VRP = 3.6V
DACP output range VCA- VCA- \'

VR3 0.9
DACP output resistance 50 200 Q
VRP input voltage (VCA VCA \
-VR3) -1.0
+0.2

VRP input current 2.0V<VRP < VCA 20 HA
DACS output voltage VOS | VCA=5.0V 0.97 x VOS 1.03 x VOS \

VOS = (0.98 x5 x VR3)/127 | -3/4LSB +3/4LSB

-15mVv +15 mV

DACS output range 0.1 2.4 v
DACS output resistance 3.7 kQ
VR3 input voltage 2.0 2.4 \
VR3 input current VR3 =2.2V 1.0 mA
SERIAL PORT TIMING
SCLK period 100 ns
SDEN Setup wrt first SCLK falls 10 TC2-10] ns
SDEN Hold wrt last SCLK falls 10 TC/4 ns
SDEN falls wrt next SCLK rise 25 ns
SDATA Setup/Hold wrt SCLK falls 25 ns
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PACKAGE PIN DESIGNATIONS Thermal Characteristics: 6jA
(Top View) 24-Lead SOL 80°C/W
24-Lead VSOP 110°C/W
AGND []1 24[] VR2
DACP []2 23[] VR1
VCA []3 22[] DACI
FOUT E 4 21[] DACS
FOUT []s 20[] DACF
ves [|e 19[] VvR3
FLTR []7 18] IR
vep []s 17[] Fco
FOEN []o 16[] SDATA
DGND []10 15[] SCLK
FREF []11 14[] SDEN
FREF [[12 13J VRP
24-Lead SOL/VSOP
CAUTION: Use handling procedures necessary
for a static sensitive component.
ORDERING INFORMATION
PART DESCRIPTION ORDER NUMBER PACKAGE MARK
SSI 32D4666 24-Lead SOL 32D4666-CL 32D4666-CL
24-Lead VSOP 32D4666-CV 32D4666-CV

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet
is current before placing orders.
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A TDK Group § Company

[+ SSI 32D4680
JMJM ° 80 Mbit/s Time Base Generator

Target Specification

January 1994
DESCRIPTION FEATURES
The SSI 32D4680 Time Base Generator provides a  ° - For constant density recording applications
programmable reference generator for constant den- when utilized with SS| 32P4782

sity recording applications. It is optimized to operate  »  Reference frequency control
with the SSI 32P4782 Read Channel Device forahigh Up to 120 MHz operation

data rate (20 - 80 Mbit/s) Hard Disk Drive.
L)
The SSI 32D4680 contains a high performance pro- ® 1% frequency resolution
grammable PLL for 1 % reference frequency control. A *  No external active components required
serial microprocessor interface reduces pin count and * 45V only operation
provides convenient access to the internal program '
storage registers. The SSI 32D4680 only requires a * 16-Lead SO package
+5V supply and is available in 16-Lead SO package(s).
The SSI 32D4680 utilizes an advanced BiCMOS pro-
cess technology along with patented circuit design
techniques, resulting in a high performance device with

low power consumption.
BLOCK DIAGRAM PIN DIAGRAM
FLTR+ FLTR-

T FOEN vea []1 16 [ ] RR
Ui rour WAL 2 15 [ | FLTR+
XL2 FOUT  erer[a 14 [ ] FLTR-
PWRON [| 4 13 ] FouT-
sctk []5 - 12 [ ] FOUT+
spATA [ | & 11 [_] sGND

SDEN [ 7 10 {_] VND

FOEN [ | 8 9 []vep

VND 16-Lead SON

VNA

(] {] L} L]
PWRON SDEN SDATASCLK VPA  VPD CAUTION: Use handling procedures necessary

for a static sensitive component.

The target specification is intended as an initial disclosure of specification goals for the product. The specifications are based on design goals,
subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture unless agreed to in writing.
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SSI 32D4680
80 Mbit/s Time Base Generator

FUNCTIONAL DESCRIPTION

The SSI32D4680 Time Base Generator, a PLL based
circuit, provides a programmable reference frequency
tothe data separator (of the SSI1 32P4782) for constant
density recording applications. The data separator
reference frequency runs at 1.5 times the NRZ data
rate. Thistime base generator output frequency canbe

programmed with a better than 1% accuracy viathe M,

N, and DR Registers.

The time base generator requires an external passive
loopfilterto controlits PLL locking characteristics. This
filter is fully differential and balanced in order to
suppress the common mode noise.

InRead, Write and Idle modes, the time base generator
is programmed to provide a stable reference frequency
forthe data separator. However, inthe Read mode, the
TBG outputs are disabled after the internal VCO lock
signal (of the 32P4782 device) is asserted to minimize
signal coupled to the data separator PLL. This is done
throughthe FOEN pin. Alogic low level atthe FOEN will
disable the TBG outputs.

The reference frequency is programmed using the M
and N registers of the time base generator viathe serial
port, and is related to the external reference clock
input, FREF, as follows:

FTBG = FREF (M + 1)/ (N + 1))

The M and N values should be chosen with the
consideration of phase detector update rate and the
external passive loop filter design. The Data Rate
Register must be set to the correct VCO center
frequency. The time base generator PLL responds to
any changestothe M and N registers, only afterthe DR
register is updated.

Data rates from 20 to 80 Mbit/s can be programmed

SERIAL INTERFACE PORT

The time base generator output frequency is
programmed via the M, N and DR Registers. Data
(address and contents) are transferred through the
serial interface port. For data transfers, SDEN s first
brought high, serial data is presented at the SDATA
pin, and a serial clock is applied to SCLK pin. After the
SDEN goes high, the first 16 pulses applied to the
SCLK pinwill shift the data presented atthe SDATA pin
into an internal shift register on the rising edge of each
clock. An internal counter prevents more than 16 bits
from being shifted into the register. The data in the shift
register is latched when SDEN goes low. If less than 16
clock pulses are provided before SDEN goes low, the
data transfer is aborted.

In addition, there is a control A Register. It controls
different Enable and Test modes of the device.

Alltransfers are shifted into the serial port LSB first. The
first byte of the transfer is address and instruction
information. The LSB of this byte is the R/W bit which
determines if the transferisa READ (1) ora WRITE (0).
The remaining 7- bits determine the internal register to
be accessed. Table 1 provides register mapping
information. The second byte contains the
programming data.

In Read mode (R/W = 1), the 32D4680 will output the

register contents of the selected address. in Write
mode the device will load the selected register with

data presented on the SDATA pin.

using an internal DAC (DACI) whose reference

current, set by a single external 4.75 kQ resistor RR,
determines the VCO center frequency, and the phase
detector gain.

The VCO center frequency is programmed by the
following equation and should be set close to 1.5times
the NRZ data rate.

Fvco (MHz) = (K1 XDR ) + K2,

while, K1=TBD,K2=TBD
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Atinitial power-up, the contents of the internal registers
will be in an unknown state and they must be
programmed prior to operation.



SSI 32D4680
80 Mbit/s Time Base Generator

TABLE 1: Control Register
M Counter Register (address = 0001110)

BIT NAME FUNCTION
Bits 7 -0 M7 -0 M counter value

N Counter Register (address

=0000110)

Bit7

Not used, don't care

Bits 6 -0

N6 -0

N counter value

Data Rate Register (address

=0010110)

Bit 7

Not used, don't care

Bit 6 -0

DR6 -0

VCO's center frequency biasing, Fvco = 1.5 X NRZ data rate = K1 X DR
+ K2, While K1, K2 = TBD

Control A Register (address = 0011110)

Bit 0, DO TBG_EN Enable TBG

Bit 1, D1 EPDT Enable Phase Detector

Bit 2, D2 uTt Enable Pump Up current

Bit 3, D3 DT Enable Pump Down current

Bit 4, D4 T™M1 Enable FOUT1/FOUTT Test outputs
Bit 5, D5 Not used, don’t care

Bit 6, D6 ™2 Enable Test output Biasing circuit
Bit 7, D7 T™M3 Enable IDAC Testing

PIN DESCRIPTION

NAME TYPE | DESCRIPTION

PWRON ] Power Enable, CMOS compatible. A high level input enables the power. Alow
level disables the power.

SDATA | Serial data, CMOS compatible. Data input for an 8 - bit control shift register.

SCLK i Serial data clock, CMOS compatible. Positive edge triggered clock input for
the serial data. ,

SDEN | Serial data enable, CMOS compatible. A high level input enables data
loading. Data is latched when the input is low.

FOEN 1 Frequency output enable, CMOS compatible. A high level input enables the

. FOUTP, FOUTN outputs. A low level disables the outputs.

FOUTP, FOUTN (0] Frequency outputs. A P-ECL level swing which minimizes data separator

jitter and must be AC coupled to the data separator inputs.
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SSI 32D4680
80 Mbit/s Time Base Generator

ANALOG PINS

NAME TYPE | DESCRIPTION

FREF - Reference frequency inputforthe TBG. FREF is drivenby adirect coupled TTL
compatible signal.

RR - Current setting register connection. An external resistor connected between
RR and Gnd sets the DACI currents.

FLTRP, FLTRN - PLL loop filter connections. FLTRP is the positive output of the phase detector,

FLTRN isthe negative output of the phase detector. The effective VCO voltage
is, FLTRP - FLTRN.

POWER SUPPLY PINS

VND, VNA - Digital and analog ground.
VPD, VPA - Digital and analog +5V supply.
SGND - Substrate ground.
PACKAGE PIN DESIGNATIONS
(Top View) VPA [ 1 16 | | RR
VNA [ | 2 15 [ | FLTR+
FREF [ | 3 14 | ] FLTR-
PWRON [_| 4 13 [_] FouT-
sck [ 5 12 [] FouT+
SDATA [ 6 11 | ] SGND
SDEN [ 7 10 [_] vND
; FOEN [ | 8 9| ]vpp
CAUTION: Use handling procedures necessary
for a static sensitive component. 16-Lead SON

Target Specification: The target specification is intended as an initial disclosure of specification goals for the product. The specifications
are based on design goals, subject to change and are not guaranteed. Silicon Systems assumes no obligation regarding future manufacture
unless agreed to in writing.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet
is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022 (714) 573-6000, FAX (714) 573-6914

©1994 Silicon Systems, Inc. 4-34 0194



A TDK Group Company

SSI 32P541C

Pulse Detector

Preliminary Data

DESCRIPTION

The SSI 32P541C is a bipolar integrated circuit that
provides all data processing necessary for detection
and qualification of MFM or RLL encoded read signals.

In Read mode the SSI132P541C provides amplification
and qualification of head preamplifier outputs. Pulse
qualification is accomplished using level qualification
of differentiated input zero crossings. An AGC amplifier
is used to compensate for variations in head preamp
output levels, presenting a constant input level to the
pulse qualification circuitry. The AGC loop can be
disabled so that a constant gain can be used for
embedded servo decoding or other processing needs.

In Write mode the circuitry is disabled and the AGC
gain stage inputimpedance is switched to a lower level
to allow fast settling of the input coupling capacitors
during a write to read transition. The SSI 32P541C
requires a +5V power supply and is available in a 28-
pin PLCC package.

December 1993

FEATURES

Level qualification supports high resolution
MFM and RLL encoded data retrieval

Wide bandwidth AGC input amplifier
Standard +5V £10% supplies
Write to read transient suppression

Fast and slow AGC attack regions for fast
transient recovery

<1.0 ns pulse pairing
32 Mbit/s operation

Low power

BLOCK DIAGRAM

OuT+  OUT- DIN- DIN+  CN- CIN+ DIF DIN+ vee
1 1 igml 1
Q -y - -} AT
o [F—ri Lo ] oneswor
g FULL WAVE RECTIFIER :
g3
HOD [ Jp’
] [ oo |
PUMP
sond ] i .
B o s
{F {}
AGC LEVEL

1293 - rev.



SSI 32P541C
Pulse Detector

FUNCTIONAL DESCRIPTION

READ MODE

In Read mode (R/W input high or open) the input signal
is amplified and qualified using an AGC amplifier and
pulse level qualification of the detected signal peaks.

An amplified head output signal is AC coupled to the
IN+ and IN- pins of the AGC amplifier. Gain control is
accomplished by full wave rectifying and amplifying the
[(DIN+)-(DIN-)] voltage level and comparing it to a
reference voltage level at the AGC pin.

The 32P541C contains adual rate attack charge pump.
The value of the attack current is dependent on the
instantaneous level at DIN+. For signal levels above
125% of the desired level a Fast Attack mode is
invoked that supplies a 1.2 mA charge current to the
network on the BYP pin. Between 125% and 100% of
the desired level the circuit enters a Slow Attack mode
and supplies 0.17 mA of charge current to the BYP pin.

Two Decay modes are available and are automatically
controlled within the device.

Upon a switch to Write mode, the device will hold the
gain at its previous value. When the device is then
switched back to Read mode the AGC holds the gain
and stays in a low impedance state for 0.9 us. It then
switches into a Fast/Slow Attack mode if the new gain
required is less than the previously held gain or a Fast
Decay mode if the gain required is more than its
previous value. The fast decay current is 0.10 mA and
stays on for 0.9 ps. After the 0.9 us time period the
device stays in a steady state slow attack, Slow Decay
mode. The slow decay discharge current is 4.5 pA.

The AGC pin is internally biased so that the target
differential voltage input at DIN+ is 1.0 Vpp under
nominal conditions. The voltage on this pin can be
modified by tying a resistor between AGC and GND or
VPA. A resistor to GND decreases the voltage level,
while a resistor to VPA increases it. The resulting AGC
voltage level is shown in Figure 1; where:

V = Voltage at AGC w/pin open (2.2V, nom)
Rint = AGC pin input impedance (3.9 kQ, typ)
Rext = External resistor
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Rint
Rint

Rext

Rext

(5-V) Rint
Aint+Rext *

VRext

VAGC =
Rint + Rext

VAGC =

FIGURE 1: AGC Voltage

The new DIN% input target level is nominally:
0.45 Vpp/V = Vagc.

The maximum AGC amplifier output swing is 3.0 Vpp
at OUT%, which allows for up to 6 dB loss in any
external filter between OUT+ and DIN+.

AGC gain is a linear function of the BYP-pin voltage
(VBYP) as shown in Figure 2.

Gain VIV

80

Slope = 120/V nominal
40

2.45
VBYP (Volts)

FIGURE 2: AGC Gain

Inthe amplitude channel the signal is sent to a hyster-
esis comparator. The hysteresis threshold level is set
so that it will be tripped only by valid signal pulses and
not by baseband noise. It can be a fixed level or a
fraction of the DIN+ voltage level.

The latter approach is accomplished by using an exter-
nal filter/network between the LEVEL and HYS pins.
This allows setting the AGC slow attack and decay
times slow enough to minimize time channel distortion
and setting a shorter time constant for the hysteresis
level. The LEVEL pin output is a rectified and amplified
version of DIN, 1.0 Vpp at DIN+ results in 1.0 VO-pk
nominally, at the LEVEL pin. A voltage divider is used
from LEVEL to ground to set the Hysteresis threshold
atapercentage of the peak DINt voltage. Forexample,



SSI 32P541C
Pulse Detector

if DINx is 1.0 Vpp, then using an equal valued resistor
divider will result in 0.5 Vpk at the HYS pin. This will
resultinanominal£0.18V threshold or a 36% threshold
of a+0.500V DIN= input. The capacitor is chosento set
an appropriate time constant. This “feed forward” tech-
nique speeds up transient recovery by allowing quali-
fication of the input puises while the AGC is still settling.
This helps in the two critical areas of write to read and
head change recovery. Some care in the selection of
the hysteresis leveltime constant mustbe exercised so
as to not miss pattern (resolution) induced lower am-
plitude signals. The output of the hysteresis compara-
tor is the “D” input of a D-type flip-flop. The DOUT pin
is a comparator output signal for testing purposes only.

Inthe time channel the signal is differentiated to trans-
formsignal peaksto zero crossings which are detected
and used to trigger a bi-directional one-shot. The one-
shot output pulses are used as the clock input of the D
flip-flop. The COUT pin provides the one-shot output
for test purposes.

The differentiator functionis accomplished by an exter-
nal network between the DIF+ and DIF- pins. The
transfer function from CIN* to the comparator input
(not DIFz) is:
B —3536Cs
LCs? +C(R+52)s+1

where: C, L, R are external passive components
15 pF < C < 125 pF
s=jw = j2rf

OFF-CHIP DIFFERENTIATION

For constant density recording applications, a differen-
tiation functionwith a low pass bandwidth tracking data
rate can maximize the signal-to-noise ratio perfor-
mance. Atime differentiated input can be applied atthe
CINt pins, separated from the DINt pins. A 2.0 kQ
resistor should be placed across the DIF+ pins. This
function can best be supported by the Silicon Systems
programmable filters, such as the SSI 32F8020A and
the SSI 32F8120A. The filters feature both a normal
low pass output and a differentiated low pass output.
The low pass bandwidth is programmable by the user
to track the data rate. The signal delays of the two
signal paths are well matched.
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During normal operation, the time channel clocks the D
flip-flop on every positive and negative peak of the
CINz input. The D input to the flip-flop only changes
state when the DINt input exceeds the hysteresis
comparator threshold opposite in polarity to the previ-
ous threshold exceeding peak.

The time channel, then, determines signal peak timing
and the amplitude channeldetermines validity by block-
ing signal peaks that do not exceed the hysteresis
comparator threshold. The delays in each of these
channels to the D flip-flop inputs are well matched.

WRITE MODE

InWrite Mode the SSI32P541C Pulse Detector section
is disabled and preset for the following Read Mode.
The digital circuitry is disabled, the input AGC amplifier
gainis held at its previous value and the AGC amplifier
input impedance is reduced.

Holding the AGC amplifier gain and reducing input
impedance shortens system Write to Read recovery
times.

The lowered input impedance improves settling time
by reducing the time constant of the network between
the SSI 32P541C and a head preamplifier such as the
SSI 32R2020R. Write to read timing is controlled to
maintain the reduced impedance for 0.9 us before the
AGC circuitry is activated. Coupling capacitors should
be chosen with as low a value as possible consistent
with adequate bandwidth to allow more rapid settling.

MODE CONTROL

The SSI 32P541C Circuit mode is controlled by the
PDWN, HOLD, and R/W pins as shown in Table 1.

-




SSI 32P541C

Pulse Detector

TABLE 1: Mode Control

RW HOLD
1 1 Read mode, AGC Active
1 0 Read mode AGC gain held constant*
0 X Write mode AGC gain held constant*

Input impedance reduced

* AGC gain will drift at a rate determined by BYP and Hold mode discharge current.

PIN DESCRIPTION

NAME TYPE DESCRIPTION

vCC | +5V power supply for pulse detector

AGND | Ahalog ground pin for pulse detector block

DGND | Digital ground pin

‘IN4’-, IN- | Analog signal input pins to AGC amplifier

OUT+, OUT- O Read path AGC Ampilifier output pins

DIN+, DIN- | Analog input to the hysteresis comparator

CIN+, CIN- | Analog input to the differentiator

DIF+, DIF= e} Pins for external differentiating network

couT (0] Test point for monitoring the flip-flop clock input. 5 kQ resistorto GND
is needed to use this pin as a test point. Leave it open in normal
operation to save power dissipation.

DOUT (0] Test point for monitoring the flip-flop D-input. 5 kQ resistor to GND is
needed to use this pin as a test point. Leave it open in normal
operation to save power dissipation.

RD 0 TTL compatible read output

BYP 110 An AGC timing capacitor or network is tied between this pin and
AGND1

AGC | Reference input voltage for the read data AGC loop

LEVEL (0] Output from fullwave rectifier that may be used for input to the
hysteresis comparator

HYS | Hysteresis level setting input to the hysteresisk comparator

HOLD | TTL compatible pin that holds the AGC gain when pulled low

RW | Selects Read or Write mode
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Pulse Detector

ELECTRICAL SPECIFICATIONS
Recommended conditions apply unless otherwise specified.

ABSOLUTE MAXIMUM RATINGS

Operation outside these rating limits may cause permanent damage to this device.

PARAMETER RATING

5V Supply Voltage, VCC 6.0V

Pin Voltage -0.3to0 VCC, + 0.3V

Storage Temperature 65 to 150°C

Lead Temperature (Soldering 10 sec.) 260°C

RECOMMENDED OPERATING CONDITIONS

Currents flowing into the chip are positive.

PARAMETER CONDITIONS MIN NOM MAX UNIT

Supply Voltage, VCC 4.5 5.0 5.5 \

Junction Temperature, Tj 25 135 °C

Ambient Temperature, Ta 0 70 °C

POWER SUPPLY

IVCC Supply Current Outputs unloaded; 19 34 42 mA
PDWN = high or open

PD Power dissipation Ta = 25°C, outputs unloaded 170 230 mw

LOGIC SIGNALS

VIL input Low Voltage -0.3 0.8 \'

VIH Input High Voltage 2.0 VCC+0.3 \%

I Input Low Current VIL = 0.4V -0.4 mA

IIH input High Current VIH = 2.4V 100 pA

VOL Output Low Voltage IOL=4.0mA 05 \"

VOH Output High Voltage IOH = -400 pA 2.4 . \'
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ELECTRICAL SPECIFICATIONS (continued)

MODE CONTROL

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Read to Write Transition Time R/W pin high to low 1.0 us
Write to Read R/W pin low to high 0.5 0.9 1.3 us
Transition Time AGC settling not included

HOLD Off to HOLD On HOLD pin transitions from 1.0 us

Transition Time

high to low

READ MODE (R/W is high)
AGC AMPLIFIER

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to INt
and amplitude is between 25 mVpp & 250 mVpp differential. OUT+ are loaded differentially with >600€2, and
each side is loaded with < 10 pF to AGND, and AC coupled to DIN+. A 2000 pF capacitoris connected between

BYP and AGND. AGC pin is open.

on VCC, gain set to max

Gain Range 1.0 Vpp < OUT+ < 3.0 Vpp 4 80 VIV

Output Offset Voltage Over entire gain range -200 0 +200 mvVv

Maximum Output Set by BYP pin 3.0 Vpp

Voltage Swing THD < 5%

Differential Input Resistance IN+ = 100 mVpp 5.0 kQ

i @ 2.5MHz

Differential Input Capacitance IN+ = 100 mVpp 10 pF
@ 2.5 MHz

Common Mode Input R/W = high 1.5 kQ

Impedance R/W = low 250 Q

Input Noise Voltage Gain set to maximum 55 15 nV/Hz

Bandwidth -3 dB bandwidth at 32 MHz
maximum gain

OUT+ & OUT- Pin Current No DC path to AGND 3 mA

CMRR (Input Referred) IN+ = 0 VDC + 100 mVpp 40 63 dB
@ 2.5 MHz, gain set to max

PSRR (Input Referred) 100 mVpp @ 2.5 MHz 30 66 dB
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AGC AMPLIFIER (Continued)

PARAMETER CONDITION MIN NOM | MAX UNIT
DINt Input 25 mVpp <INt 0.38 0.45 0.56 Vpp/V
Swing vs. AGC Input <250 mVpp, HOLD = high,
0.5 Vpp < DIN+ < 1.5 Vpp
DINt Input Voltage 25 mVpp < IN+ < 250 mVpp 6.0 %
Swing Variation
AGC Voltage AGC open 1.8 2.2 2.6 Vv
AGC Pin Input Impedance 3.5 3.9 55 kQ
Slow AGC Discharge Current (DIN+) - (DIN-) = OV 3.5 4.3 6 1.
Fast AGC Discharge Current Starts at 0.9 ps after R/W 70 102 150 HA
goes high, stops at 1.8 us
after R/W goes high
AGC Leakage Current HOLD = low -0.2 0 +0.2 LA
Slow AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, -0.12 | -0.17 | -0.24 mA
vary AGC until slow charge
begins
Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, -0.9 -1.2 -1.7 mA
Vage = 3.0V
Fast to Slow Attack [(DIN+)—(DIN -)] 125 %
Switchover Point [(DIN+)- (DIN-)]FINAL
Gain Decay Time (Td) IN+ = 250 mVpp to 20 us
125 mVpp @ 2.5 MHz,
OUT= to 90% final value
IN = 50 mVpp to 70 us
25 mVpp at 2.5 MHz
OUT= to 90% final value
Gain Attack Time R/W = low to high 2 us
IN+ = 250 mVpp
@ 2.5 MHz, OUTt
to 110% final value
WRITE MODE (R/W is low)
PARAMETER CONDITION MIN NOM | MAX UNIT
Common Mode Input 250 Q
Impedance
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ELECTRICAL SPECIFICATIONS (continvec)

HYSTERESIS COMPARATOR
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled,
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high.

PARAMETER CONDITIONS MIN NOM MAX UNIT
Input Signal Range 0.6 1.0 1.5 Vpp
Ditferential Input Resistance DINt = 100 mVpp @ 2.5 MHz | 17.5 20 225 kQ
Differential Input Capacitance DINt = 100 mVpp @ 2.5 MHz 5.0 pF
Common Mode [nput 3 4.8 55 kQ
Impedance (Both Sides)
Level Pin Qutput Voltage 0.6 Vpp < DINt 1 VINpp
vs. DIN: < 1.5 Vpp, 10 kQ between
LEVEL pin and AGND
Level Pin Output Offset Voltage 10 kQ between LEVEL pin 120 170 250 mVv
and AGND :
Level Pin Output Impedance ILEvEL = 0.2 mA 330 Q
Level pin Maximum 2.0 mA
Output Current
Hysteresis Voltage at DIN+ 0.3V <HYS< 1.0V 0.19 VNV
vs. HYS Pin Voltage
HYS Pin Input Current 05V <HYS <15V -10.0 0 PA
Comparator Offset Voltage HYS pin at AGND 5.0 mV
’ <1.5 kQ across DINt '
DOUT Pin Output Low Voltage 5 kQ from DOUT to GND VPA -2.8 v
DOUT Pin Output High Voltage 5 kQ from DOUT to GND VPA -2.4 \"
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ACTIVE DIFFERENTIATOR
Unless otherwise specified, recommended operating conditions apply. Input CIN+ is an AC-coupled, 1.0 Vpp,
2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-.

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Input Signal Range 0.6 1.0 1.5 Vpp
Differential input Resistance CIN£ =100 mVpp @ 2.5 MHz | 17.5 20 225 kQ
Differential Input Capacitance CIN£ =100 mVpp @ 2.5 MHz 5.0 pF
Common Mode Input Impedance | Both sides 35 | 45 5.5 kQ
Voltage Gain From Resistor across DIFt is 2 kQ 1 VIV
CINt to DIFt

DIF+ to DIF- PIn Current Differentiator impedance must| -0.7 0.7 mA

be set so as to not clip the
the signal for this current level

COUT Pin Output Low Voltage 5 kQ from COUT to GND VPA -28 Y
COUT Pin Output High Voltage 5 kQ from COUT to GND VPA -24 \"
COUT Pin Qutput Pulse Width 47 ns
AW—— | mw_____J‘
|
LowQ LowQ
Sus Ous
I
Fast Discharge Switch 9—p5| Fast Discharge Switch lQ_ps_

|
| ¥ I |
(DIN+ - DIN-) | | | |
|
P o =l
| | .

0 i i
Fast Slow Discharge  Discharge
Charge Charge

Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence

FIGURE 7: AGC Timing Diagram
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ELECTRICAL SPECIFICATIONS (continued)

QUALIFIER TIMING

Unless otherwise specified, recommended operating conditions apply. Inputs CINt and DIN+ are in-place as
acoupled, 1.0 Vpp, 2.5 MHz sine wave. 100Q in serie