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1.0 General

1.1 Introduction
This document describes the specifications of the following IBM 3.5 inch SCSI drives.

* DPSS-336950
- Ultra 160, 68 pin
- Ultra 160, 80 pin

* DPSS-318350
- Ultra 160, 68 pin
- Ultra 160, 80 pin

* DPSS-309170
- Ultra 160, 68 pin
- Ultra 160, 80 pin

NOTE: The specifications in this document are subject to change without notice.
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1.2 Glossary

Word Meaning

Kbpi 1,000 Bits Per Inch

Mbps 1,000,000 Bits per second

GB 1,000,000,000 bytes

MB 1,000,000 bytes

KB 1,000 bytes unless otherwise specified

Mb/sg.in 1,000,000 bits per square inch
MLC Machine Level Control
PFA Predictive Failure Analysis (Trademark of IBM Corp.)

S.M.A.R.T. Self-Monitoring Analysis and Reporting Technology

ADM Automatic Drive Maintenance
SCAM SCSI Configured Automatically
SE Single Ended SCSI

LVD Low Voltage Differential SCSI
FC-AL Fibre Channel - Arbitrated Loop

1.3 General caution

This drive can be damaged by ESD (Electric Static Discharge). Any damages incurred to
the drive after removing it from the shipping package and the ESD protective bag are the responsibility
of the user.
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2.0 Outline of the drive

» Data capacity 36.9/18.3/9.1 GB

* Ultra 160 (68/80 pin)

* Interleave factor 1:1

* Variable Sector Size (512-528 bytes/sector)
* Tagged Command Queuing support

* Automatic read/write data transfer

* 4MB segmented sector buffer (128KBx28, 256KBx14 or 512KBx7)
* 6.8 msec seek time in read operation

* Adaptive read ahead algorithm

* Write Cache

* Back to back write

* ECC on the fly

* Automatic defect reallocation

» Self diagnostics at power on

* Closed loop actuator servo

* High level of integration of the electronics
* Non head disk contact start stop

e 7200rpm spindle rotation

* Automatic actuator lock

* PFA (SMART)

* Glass substrate disks

NOTE: PFA (Predictive Failure Analysis) is a trademark of the IBM Corporation.
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3.0 Fixed disk subsystem description

3.1 Control electronics

The drive is electronically controlled by a microprocessor, logic modules, digital/analogue modules, and
various drivers and receivers. The control electronics perform the following major functions:

» Perform self-checkout (diagnostics).

* Conduct a power-up sequence and calibrate the servo.

* Monitor various timers for head settling, servo failure, etc.

* Analyze servo signals to provide closed loop control. These include position error signal and
estimated velocity.

» Control the voice coil motor driver to align the actuator onto a desired position.

* Monitor the actuator position and determine the target track for a seek operation.

» Constantly monitor error conditions of the servo and take corresponding action if an error occurs.

» Control starting, stopping, and rotating speed of the spindle.

» Control and interpret all interface signals between the host controller and the drive.

» Control read write accessing of the disk media, including defect management and error recovery.

3.2 Head disk assembly

The head disk assembly (HDA) is assembled in a clean room environment and contains disks, a spindle
motor, actuator assembly, and voice coil motor. Air is constantly circulated and filtered when the drive is
operational. Venting of the HDA is accomplished via a breather filter.

The spindle is driven directly by a brushless, sensorless DC drive motor. Dynamic braking is used to stop
the spindle quickly.

3.3 Actuator

The read/write heads are mounted in the actuator. The actuator is a swing-arm assembly driven by a
voice coil motor. A closed-loop positioning servo controls the movement of the actuator. An embedded
servo pattern supplies feedback to the positioning servo to keep the read/write heads centered over the
desired track.

The actuator assembly is balanced to allow vertical or horizontal mounting without adjustment.

When the drive is powered off, the actuator automatically moves the head to a load/unload zone
outside of the data area, where the actuator is locked.
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4.0 Drive characteristics

4.1 Formatted capacity

Description DPSS-336950 DPSS-318350 DPSS-309170
Label capacity 36.95 GB 18.35 GB 9.17 GB
Sectors per track 512 - 528 512 - 528 512 - 528
Number of heads 10 5 3

Number of disks 5 3 2

Total data bytes (512 | 36,951,490,560 18,351,959,040 9,173,114,880
bytes/sector)

Total logical data 72,170,880 35,843,670 17,916,240
blocks (44D3D80h) (222EE56h) (1116150h)

Figure 1. Formatted capacity

4.2 Data sheet

Buffer to/from media [Mbit/sec]

248 - 400 Mbps

Host to/from buffer (interface transfer
rate) [Mbyte/sec]

80 (68/80 pin FAST 40 WIDE)
160 (68/80 pin Ultra 160)

Data buffer size

4096 KB (512 KB used by firmware)

Number of buffer segments

7 X512 KB or 14 x 256 KB or 28 x 128 KB

Rotational speed [RPM]

7,200

Recording density [Kbpi]

304 (Average) 350 (Max)

Track density [TPI]

18,400 (Average)

Areal density [Mb/sqg.in.]

6440 (Max)

Data zone

11

Figure 2. Data sheet

NOTE: KB = 1,024 bytes
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4.3 Inquiry Information
4.3.1 Product ID

Product ID in Inquiry data format - CmdDt = 0 EVPD = 0 on Page 66 is as follows.

Product ID Description
DPSS-309170N 9.1 GB, 68 pin
DPSS-309170M 9.1 GB, 80 pin
DPSS-318350N 18.3 GB, 68 pin
DPSS-318350M 18.3 GB, 80 pin
DPSS-336950N 36.9 GB, 68 pin
DPSS-336950M 36.9 GB, 80 pin

Figure 3. Product ID in Inquiry Command

4.3.2 World Wide ID - Block assignment

Block assignment of World Wide ID in Inquiry data format - EVPD =1 - Page Code = 83h on Page 73 is as
follows.

Manufacturing site Product Block assighment
DPSS-309170 002h
Fujisawa, Japan DPSS-318350 003h
DPSS-336950 004h
DPSS-309170 102h
Saha Union, Thailand DPSS-318350 103h
DPSS-336950 104h
DPSS-309170 202h
SFV, Hungary DPSS-318350 203h
DPSS-336950 204h
DPSS-309170 502h
SPT, Thailand DPSS-318350 503h
DPSS-336950 504h
DPSS-309170 702h
Singapore DPSS-318350 703h
DPSS-336950 704h

Figure 4. Block assignment of World Wide ID in Inquiry Command
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4.4 Cylinder allocation

Zone Physical Cylinders Sectors/Track
Data Zone 0 0-345 609
Data Zone 1 346 - 2239 588
Data Zone 2 2240 - 3846 560
Data Zone 3 3847 - 4907 546
Data Zone 4 4908 - 5773 532
Data Zone 5 5774 - 7995 504
Data Zone 6 7996 - 9469 476
Data Zone 7 9470 - 10430 462
Data Zone 8 10431 - 11207 448
Data Zone 9 11208 - 12741 420
Data Zone 10 12742 - 14683 378

Figure 5. Cylinder allocation

NOTE: Mode Page 3 (Format Device Parameters) and Mode Page OC (Notch Parameters) provide
methods to determine medium format and zone parameters. See page 107 and page 117.
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4.5 Performance characteristics

A drive’s performance is characterized by the following parameters:

* Command overhead
* Mechanical head positioning
- Seek time
- Latency
» Data transfer speed
» Buffering operation (read ahead/write cache)

NOTE: All the above parameters contribute to drive performance. There are other parameters that contri-
bute to the performance of the actual system. This specification tries to define the bare drive character-
istics, not the system throughput, which depends on the system and the application.

4.5.1 Command overhead
Command overhead is defined as the time required:
* from last byte of command phase
* to the first byte of data phase
* excluding
- Physical seek time
- Latency time
- Initiator delay with reconnections

Read Command Case (Drive is in quiescence state) Time
Cache Not Hit <200 usec
Cache Hit <30 usec

Figure 6. Command overhead
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4.5.2 Mechanical positioning

4.5.2.1 Average seek time (including settling)

Command Type Typical Max
Read 6.8 [msec] 7.8 [msec]
Write 7.8 [msec] 8.8 [msec]

Figure 7. Mechanical positioning performance
“Typical” and “Max” are given throughout the performance specification by:
Typical Average of the drive population tested at nominal environmental and voltage conditions.

Max Maximum value measured on any one drive over the full range of the environmental and
voltage conditions. (See Environment on page 38 and DC power requirements on
page 40 for ranges.)

The seek time is measured from the start of the actuator's motion to the start of a reliable read or write
operation. “Reliable read or write” implies that error correction/recovery is not used to correct arrival
problems. The average seek time is measured as the weighted average of all possible seek
combinations.

max
Sum (max+1-n) (Tn.in+Tn.out)
n=1

Weighted average =
(max+1) (max)

Where
max = Maximum seek length
n = Seek length (1 to max)
Tn.in = Inward measured seek time for an n track seek
Tn.out = Outward measured seek time for an n track seek

4.5.2.2 Full stroke seek time

Function Typical Maximum
Read 13.0 [msec] 15.0 [msec]
Write 14.0 [msec] 16.0 [msec]

Figure 8. Full stroke seek time

Full stroke seek is measured as the average of 1000 full stroke seeks with a random head switch from
both directions (inward and outward).
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4.5.2.3 Cylinder switch time (cylinder skew)

Typical
Cylinder skew 2.2 [msec]
Figure 9. Cylinder Skew

A cylinder switch time is defined as the amount of time required by the fixed disk to access the next
sequential block after reading the last sector in the current cylinder.

4.5.2.4 Head switch time (head skew)

Typical
Head skew 1.4 [msec]
Figure 10. Head skew

A head switch time is defined as the amount of time required by the fixed disk to access the next
sequential block after reading the last sector in the current track.

4.5.2.5 Average latency

Rotation Time for a revolution | Average Latency
7200 [RPM] 8.33 [msec] 4.17 [msec]
Figure 11. Latency time

4.5.3 Drive ready time

Model Typical Maximum
DPSS-336950 15.0 [sec] 19.9 [sec]
DPSS-318350 11.0 [sec] 19.9 [sec]
DPSS-309170 11.0 [sec] 19.9 [sec]

Figure 12. Drive ready time

4.5.4 Spindle stop time

Model Typical Maximum
DPSS-336950 17 [sec] 30 [sec]
DPSS-318350 10 [sec] 30 [sec]
DPSS-309170 10 [sec] 30 [sec]

Figure 13. Spindle stop time

The period from power off to complete stop of spindle is categorized as operating, and Operating Shock
criteria are applied until complete stop of spindle. Refer to Operating shock on page 50.
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4.5.5 Data transfer speed

Description Typical
Disk-Buffer Transfer (Zone 0)
Instantaneous 37.0 [Mbyte/sec]
Sustained DPSS-336950 31.9 [Mbyte/sec]

DPSS-318350 31.7 [Mbyte/sec]
DPSS-309170  31.4 [Mbyte/sec]

Disk-Buffer Transfer (Zone 11)

Instantaneous 24.0 [Mbyte/sec]

Sustained DPSS-336950 19.8 [Mbyte/sec]
DPSS-318350 19.7 [Mbyte/sec]
DPSS-309170 19.5 [Mbyte/sec]

Buffer-Host

68/80pin FAST40 Wide 80 [Mbyte/sec]
68/80pin Ultra 160 160 [Mbyte/sec]

Figure 14. Data transfer speed (sector size 512 bytes case)

* Instantaneous disk-buffer transfer rate is derived by
(Number of sectors on a track)*512*(revolution/sec)
NOTE: The number of sectors per track varies because of the linear density recording.
» Sustained disk-buffer transfer rate is defined by considering head/cylinder change time. This gives a
local average data transfer rate. It is derived by
(Sustained Transfer Rate) = A/ (B +C +D)
A = (Number of data sectors per cylinder) * 512
B = ((# of Surface per cylinder) - 1) * (Head switch time)

C = (Cylinder change time)
D = (# of Surface) * (One revolution time)

* Buffer-host transfer rate defines the maximum data transfer rate on SCSI Bus. It also depends on
the speed of the host.

4.5.6 Buffering operation (read ahead/write cache)

This hard disk drive has a buffer for read ahead and write caching. For details, refer to the SCSI
interface specification.

Number of buffer segments: 7 x 512 KB or
14 x 256 KB or
28 x 128 KB
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4.5.7 Throughput

4.5.7.1Simple sequential access

Operation Typical Max
Sequential read/write Zone 0 <550 [msec] Zone 0 <600 [msec]
Zone 11 <900 [msec] Zone 11 <1000 [msec]

Figure 15. Simple sequential access performance (sector size 512 byte case)

The above table gives the time required to read/write for a total of 8000x consecutive blocks (16,777,216
bytes) accessed by 128 read/write commands. Typical and Max values are given by 100% and 110% of
T respectively throughput following performance description.

NOTE: Assumes a host system responds instantaneously.

T=A+B+C+16,777,216/D
Where:

T = Calculated Time

A = Command Overhead (Cache No Hit)
B = Average Seek Time

C = Average Latency

D = Sustained Disk-Buffer Transfer Rate

45.7.2Random access

Operation Typical Maximum
Random read 46 [sec] 50 [sec]
Random write 50 [sec] 54 [sec]

Figure 16. Random access performance (sector size 512 bytes case)

The above table gives the time required to execute a total of 1000x read/write commands which access
a

random LBA.
T=(A+B+C)*4096
Where:
T = Calculated Time
A = Command Overhead (Cache No Hit)

B = Average Seek Time
C = Average Latency
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5.0 Data integrity

The drive retains recorded information under all non-write operations.

No more than one sector will be lost by power down during write operation while write cache is disabled.
If power down occurs before completion of data transfer from write cache to disk while write cache is
enabled, the data remaining in write cache will be lost. To prevent this data loss at power off, the
following action is recommended:

* Confirm successful completion of SYNCHRONIZE CACHE (35h) command.

5.1 Equipment status

Equipment status is available to the host system any time the drive is not ready to read, write, or seek.
This status normally exists at power-on time and will be maintained until the following conditions are
satisfied:

* Access recalibration/tuning is complete.
* Spindle speed meets requirements for reliable operations.
» Self-check of drive is complete.

Appropriate error status is made available to the host system if any of the following condition occurs after
the drive has become ready:

* Spindle speed goes outside of requirements for reliable operation.
* “Write fault” is detected.

5.2 Error recovery procedure
Errors occurring with the drive are handled by the error recovery procedure.

Errors that are uncorrectable after application of the error recovery procedures are reported to the host
system as non-recoverable errors.
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6.0 Physical format

Media defects are remapped to the next available sector during the Format Process in manufacturing.
The mapping from LBA to the physical locations is calculated by an internally maintained table.

6.1 Shipped format (P-List)

* Data areas are optimally used.
* No extra sector is wasted as a spare throughout user data areas.
* All pushes generated by defects are absorbed by spare tracks of the inner zone.

Plist physical format

M M+1 | Defact] N+2  1Defect, N+3

Skip 4 sap &

Figure 17. P-List physical format

NOTE: Defects are skipped without any constraint, such as track or cylinder boundary. The calculation
from LBA to physical is done automatically by internal table.

6.2 Reassigned format (G-List)

* G-Listis prepared for 3279 LBAs.
* Re-re-assign of the same LBA does not increase G-List entry.
* A cylinder for spare sectors is prepared every 256 physical cylinders.

NOTE: G-List entries are part of the normal maintenance work of hard disk drives. G-List entries are
possible during early drive usage and are caused mainly by handling.
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7.0 Specification

7.1 Electrical interface specification

7.1.1 Power connector
The power connector of 68 pin models complies with the ANSI SCSI"P" connector specifications. Power
pin assignment of 68 pin models is as shown below.

Pin Voltage
+12V
GND
GND
+5V

OO OO

A WN PR

Figure 18. Power connector pin assignments
80 pin SCA-2 models use a DDK connector (PN HD2-PA080-A14B) or equivalent, which is compatible
with the Specification of “Single Attachment for Small SCSI Disk Drives” SPI-3 document, Annex C.

Power pin assignment of the 80 pin (SCA-2) model is shown in SCSI signal connector (80 pin SCA-2
model) on page 29.
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7.1.2 SCSI bus connector
DPSS-3xxxxx has 68 pin model and 80 pin SCA-2 model.

7.1.2.1 SCSI signal connector (68 pin model)
The pin assignments of interface signals conform to ANSI SPI-3 T10/1302D Revision 11 as follows:

Connector contact Signal name Connector contact Signal name
number number
01 +DB(12) 35 -DB(12)
02 +DB(13) 36 -DB(13)
03 +DB(14) 37 -DB(14)
04 +DB(15) 38 -DB(15)
05 +DB(P1) 39 -DB(P1)
06 +DB(0) 40 -DB(0)
07 +DB(1) 41 -DB(1)
08 +DB(2) 42 -DB(2)
09 +DB(3) 43 -DB(3)
10 +DB(4) 44 -DB(4)
11 +DB(5) 45 -DB(5)
12 +DB(6) 46 -DB(6)
13 +DB(7) 47 -DB(7)
14 +P_CRCA 48 -P_CRCA
15 Ground 49 Ground
16 DIFFSENS(*2) 50 Ground
17 TERMPWR(*1) 51 TERMPWR(*1)
18 TERMPWR(*1) 52 TERMPWR(*1)
19 Reserved 53 Reserved
20 Ground 54 Ground
21 +ATN 55 -ATN
22 Ground 56 Ground
23 +BSY 57 -BSY
24 +ACK 58 -ACK
25 +RST 59 -RST
26 +MSG 60 -MSG
27 +SEL 61 -SEL
28 +C/D 62 -C/D
29 +REQ 63 -REQ
30 +I/0O 64 -1/O
31 +DB(8) 65 -DB(8)
32 +DB(9) 66 -DB(9)
33 +DB(10) 67 -DB(10)
34 +DB(11) 68 -DB(11)

Figure 19. Table of signals

NOTES: *1 TERMPWR can be disabled.
*2 HVD is not supported.
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7.1.2.2 SCSI signal connector (80 pin SCA-2 model)
The 80 pin SCA-2 model uses a DDK connector which is compatible with SPI-3.

Connector contact Signal name Connector contact Signal name
number number
01 12 Volt Charge 41 12V Ground
02 12 Volt 42 12V Ground
03 12 Volt 43 12V Ground
04 12 Volt 44 MATED 1
05 Opt 3.3 V/INC 45 Opt 3.3 V charge/NC
06 Opt 3.3 VINC 46 DIFFSENS(*1)
07 -DB(11) 47 +DB(11)
08 -DB(10) 48 +DB(10)
09 -DB(9) 49 +DB(9)
10 -DB(8) 50 +DB(8)
11 -l/10 51 +I/0
12 -REQ 52 +REQ
13 -C/D 53 +C/D
14 -SEL 54 +SEL
15 -MSG 55 +MSG
16 -RST 56 +RST
17 -ACK 57 +ACK
18 -BSY 58 +BSY
19 -ATN 59 +ATN
20 -P_CRCA 60 +P_CRCA
21 -DB(7) 61 +DB(7)
22 -DB(6) 62 +DB(6)
23 -DB(5) 63 +DB(5)
24 -DB(4) 64 +DB(4)
25 -DB(3) 65 +DB(3)
26 -DB(2) 66 +DB(2)
27 -DB(1) 67 +DB(1)
28 -DB(0) 68 -DB(0)
29 -DB(P1) 69 +DB(P1)
30 -DB(15) 70 +DB(15)
31 -DB(14) 71 +DB(14)
32 -DB(13) 72 +DB(13)
33 -DB(12) 73 +DB(12)
34 5 Volt 74 MATED 2
35 5 Volt 75 5V Ground
36 5 Volt Charge 76 5V Ground
37 Spindle Sync/NC 77 ACTIVE LED OUT
38 RMT START 78 DELAYED START
39 SCSI ID (0) 79 SCSI ID (1)
40 SCSI ID (2) 80 SCSI ID (3)

Figure 20. Table of signals
NOTE*1: HVD is not supported.
NOTE: SCA-2 connector is not mechanically compatible with the 68 pin “P” connector as defined in the

ANSI SCSI standard. The connector is intended for direct back plane attachment and is not intended to
be cable attached to the bus.
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8 bit devices which connect to the SCA-2 connector should have the following signals inactive (high):
-DB(8), -DB(9), -DB(10), -DB(11), -DB(12), -DB(13), -DB(14), -DB(15), -DB(P1). All other signals shall
be connected as defined.
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7.1.3 SCSIl cable
Refer to ANSI SPI-3 T10/1302D Revision 11.

7.1.4 SCSI bus terminator

Onboard SCSI active termination feature is not supported. The using system is responsible for making
sure that all required signals are terminated at both ends of the bus cable.

7.1.4.1 Terminator power
Termination power can be provided by drive 5V supply through current limiter and Schottky diode. This
function can be selected by jumper.

80 pin SCA-2 models do not support SCSI bus termination power.

7.1.5 Hot plug/unplug

The term 'Hot Plug' refers to the action of mechanically engaging a device to the power and/or bus when
other devices may be active on the same bus. A comprehensive classification of the state of the SCSI
bus during this event is located in the SCSI-3 Parallel Interface Standard.

While every effort was made to design the drive not to influence the SCSI bus during these events, it is
the responsibility of the system to insure voltage regulation and conformance to operational and
non-operational shock limits. During Hot Plug events the non-operational shock levels should not be
exceeded. The operational shock levels of adjacent dr