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Laser Safety Information
The optical drive is a laser product. The optical drive has a label that identifies its
classification. The label, located on the drive, is shown below.

CLASS 1 LASER PRODUCT
LASER KLASSE 1
LUOKAN 1 LASERLAITE
APPAREIL A LASER DE CLASSE 1

IEC 825:1984 CENELEC EN 60 825:1991

The optical drive is certified in the U.S. to conform to the requirements of the Department
of Health and Human Services 21 Code of Federal Regulations (DHHS 21 CFR)
Subchapter J for Class 1 laser products. Elsewhere, the drive is certified to conform to
the requirements of the International Electrotechnical Commission (IEC) 825 (1st edition
1984) and CENELEC EN 60 825:1991 for Class 1 laser products.

CAUTION:
A class 3 laser is contained in the device. Do not attempt to operate the drive while
it is disassembled. Do not attempt to open the covers of the drive as it is not
serviceable and is to be replaced as a unit.

Class 1 laser products are not considered to be hazardous. The optical drive contains
internally a Class 3B Gallium Arsenide laser that is nominally 5 Milliwatts at 760 t0 810
Nanometers. The design incorporates a combination of enclosures, electronics, and
redundant interlocks such that there is no exposure to laser radiation above a Class 1
level during normal operation, user maintenance, or servicing conditions.
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About This Book

The adapters, devices and cable information in this book is common to many Micro
Channel Bus systems. Care needs to be exercised in that not all adapters and devices
apply to all system units. It can be used to help identify an adapter, and designing or
servicing cabling layouts for the system. Also included are removal and replacement
procedures for some disk drive logic cards and stuck tape removal procedures for some
tape drives.

 Audience Description

This book is used by service representatives specifically trained on the system unit being
serviced and by persons planning for system installation.

Overview of Contents

This book provides information to help service representatives and to help persons
planning to install systems. It contains the following chapters:

� Chapter 1, “Adapter Information” on page 1-1 presents information on many Micro
Channel adapters used with the system units.

� Chapter 2, “Devices Information” on page 2-1 presents information on devices used
with the system units.

� Chapter 3, “Cables and Cabling” on page 3-1 presents information on cabling that
can be used with the system units.

� Chapter 4, “SCSI Cabling” on page 4-1 presents information on cabling that can be
used with the SCSI products with your system.

� Chapter 5, “Cable Assembly and Pin-Outs” on page 5-1 provides pin-out charts for
cables you may want to build yourself or have built by a vendor.

 ISO 9000
ISO 9000 registered quality systems were used in the development and manufacturing of
this product.

 Related Publications
The following is a list of publications that provide information on systems and related
products.

� 5080 Graphics System Installation, Operation, and Problem Determination manual,
Order Number GA23-2063.

� 7235 POWER GtO Installation and Service Guide, Order Number SY66-0216.

� 7250 POWER GXT1000 GRAPHIC Accelerator Service Guide, Order Number
SY66-0219.

� AIX Versions 3.2 and 4 Asynchronous Communications Guide, Order Number
SC23-2488.
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� Block Multiplexer Channel Adapter User's Guide and Service Information, Order
Number SC23-2427 for more detailed information on planning for, installing, and
operating the adapter.

� Block Multiplexer/6000 User's Guide and Programming Reference, Order Number
SC28-2824 for cabling information.

� Direct Talk/6000 Problem Solving Guide, Order Number SC22-0105.

� Enterprise System Connection Adapter User's Guide and Service Information, Order
Number SC23-2474.

� ESCON Link Planning, Order Number GA23-0367.

� FDDI Adapter User's Guide and Programming Reference, Order Number SC23-2426.

� FDDI Introduction and Planning Guide, Order Number GA27-3892, for more
information about jumper cables, planning, design or installation of FDDI systems.

� FDDI Optical Fiber Planning and Installation Guide, Order Number GA27-3943 for
information regarding FDDI optical systems.

� Fiber Optic Link Maintenance, Order Number SY27-2597

� Planning for Enterprise System Connection Links, Order Number GA23-0367.

� Diagnostic Information for Micro Channel Bus Systems , Order Number SA38-0532.

� Site and Hardware Planning Information, Order Number SA38-0508 is a planning and
site preparation guide.

� 7133 SSA Disk Subsystem Hardware Technical Information, Order Number
SA33-3261.

� SSA 4-Port RAID Adapter: Technical Reference, Order Number SA33-3270.

� System/360, System/370, 4300, 9370 and ES9000 Processors Input Output
Equipment Installation Manual—Physical Planning, Order Number GC22-7064, for
information as some devices may require additional cable length calculations and for
details and restrictions regarding channel cabling.

� System/360 and System/370 Power-Control Interface Original Equipment
Manufacturers' Information, Order Number GA22-6906. The remote power interface
as described above is not supported on the system.

� Token-Ring IEEE 802.5 requirements

� Token-Ring Network Introduction and Planning Guide, Order Number GA27-3677.

� A Building Planning Guide for Communication Wiring, Order Number G320-8059.

� Cabling System Planning and Installation Guide, Order Number GA27-3361.

� Using the Cabling System with Communication Products, Order Number GA27-3620.

Ordering This Publication

To order additional copies of this book, contact your sales representative and use Order
Number SA38-0533.
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 Chapter 1. Adapter Information

Description of the Adapter Information
This chapter contains service and connector data for the adapters installed within system
units. The specific information about these adapters is updated for most versions of the
diagnostic programs.

How to Use the Adapter Information
The information about adapters contained in this book is used during non-directed service
activities and for new system installations. The information in this chapter is used to:

� Identify an adapter.
� Find specific technical information about an adapter.
� Show signal names for the output pins of most of the adapter connectors.
� Where applicable, show the settings for switches or jumpers.

When a "Microcode file name" is given for an adapter, the file is located in the
/etc/microcode directory unless the complete path name is given. The italic x within a file
name represents a variable name or number, such as the version number or the release
number.

The adapters are labeled to identify the adapter type. If you know the adapter type
number, use the Adapter Identification Label Cross-Reference List on the following page to
find the name of the adapter. You can also use the About Your Machine listing shipped
with your system unit to identify an adapter.

This drawing shows how an adapter is labeled.

Adapter Type
Label

Note:  The end brackets of non-OEM SCSI-2 differential adapters also carries the label,
"Differential".

OEM SCSI-1 or SCSI-2 single-ended and SCSI-2 differential adapters may carry
one of the following ANSI icons:

SCSI SCSISE DIFF

Single-Ended Differential
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CSU/CE Feature Installation

Attention : The following information is to indicate which features on various
systems/models are intended to be installed by the customer and which features are to be
installed by a Customer Engineer/Customer Service Representative (CE/CSR) as part of a
Miscellaneous Equipment Specification (MES). This information is for systems/models
available as of 04/98.

Notes:

1.  7013 J30 was announced as CSU. US practice has been for CE install.
2.  The acronym CSU means Customer Set-Up.

Machine Type Model System CSU Features/Options

CE Install Customer Install

7006 (ALL) YES ALL FEATURES NONE

7007 (ALL) YES ALL FEATURES NONE

7008 (ALL) YES ALL FEATURES NONE

7009 (ALL) YES ALL FEATURES NONE

7010 (ALL) YES ALL FEATURES NONE

7011 (ALL) YES ALL FEATURES NONE

7012 (ALL) YES ALL FEATURES NONE

7013 (ALL) 1 NO ALL FEATURES NONE

7015 (ALL) NO ALL FEATURES NONE

7017 S70 NO ALL FEATURES NONE

7024 (ALL) YES FC 6309 ALL OTHER FEATURES

7025 (ALL) YES FC 2856, 6309, 6549 ALL OTHER FEATURES

7026 (ALL) NO ALL OTHER FEATURES FC 2901,2911, 2913
3071, 3072, 3083

7027 (ALL) NO ALL OTHER FEATURES FC 2616, 3080,3083
3084, 3090, 6142
6147, 3133, 3134
3137, 3138, 6153

 6294, 6295

7043 (ALL) YES FC 2856 & 6309 ALL OTHER FEATURES

7236 (ALL) NO ALL FEATURES NONE

7248 (ALL) YES FC 2856 ALL OTHER FEATURES

7317 (ALL) NO ALL FEATURES NONE

7318 (ALL) NO ALL FEATURES NONE

7319 (ALL) NO ALL FEATURES NONE
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Adapter Identification Reference List for IHV Supplied Adapters
Note:  The following adapters are supplied by Indpendent Hardware Vendors (IHVs).

They are presented here as a service aid.

Type Label Description FRU Part
Number

9-M Eicon ISDN DIVA MCA Adapter for PowerPC Systems 93H5497
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Adapter Identification Label Cross-Reference List
Note:  This chapter is arranged by adapter type number.

Label Description Page

1-1 Color Graphics Display Adapter 1-6
1-2 Grayscale Graphics Display Adapter 1-7
1-3 8-Bit 3D Color Graphics Processor 1-9
1-3 24-Bit 3D Color Graphics Processor 1-11
1-4 Graphics Subsystem Adapter 1-13
1-5 POWER Gt4 and POWER Gt4x 8-Bit Graphics Subsystem 1-16
1-5 POWER Gt4 and POWER Gt4x 24-Bit Graphics Subsystem 1-18
1-5 POWER Gt4xi 8-bit Graphics Subsystem 1-20
1-5 POWER Gt4xi 24-bit Graphics Subsystem 1-22
1-5 POWER Gt4i 24-bit Graphics Subsystem 1-24
1-6 POWER Gt3 Graphics Subsystem 1-26
1-8 POWER Gt4e Graphics Subsystem 1-27
1-9 POWER Gt3i Graphics Subsystem 1-28
1-A GXT1000 Graphics Accelerator Attachment Adapter 1-29
1-D POWER GXT150M Graphics Subsystem 1-31
1-Q POWER GXT800M 3D Graphics Adapter W/Texture Memory 1-34
2-1 Ethernet High-Performance LAN Adapter 1-37
2-2 Token-Ring High-Performance Network Adapter 1-39
2-3 4-Port Multiprotocol Communications Controller 1-41
2-4 X.25 Interface Co-processor/2 1-43
2-6 Fiber Distribution Data Interface (FDDI) Single Ring Adapter 1-45
2-7 Fiber Distribution Data Interchange (FDDI) Dual Ring Upgrade Kit

Adapter
1-46

2-C 4-Port EIA-232-C Multiport/2 Adapter 1-47
2-D 8-Port EIA-232-C Multiport/2 Adapter 1-49
2-E 6-Port Synchronous EIA-232-C Multiport/2 Adapter 1-51
2-F 4-Port EIA-232-C/4-Port EIA-422-A Multiport/2 Adapter 1-53
2-G 8-Port EIA-422-A Multiport/2 Adapter 1-55
2-H 8-Port EIA-232-D Portmaster Adapter/A 1-57
2-I 8-Port EIA-422-A Portmaster Adapter/A 1-59
2-J 6-Port V.35 Portmaster Adapter/A 1-61
2-K 6-port X.21 Portmaster Adapter/A 1-63
2-P Multiprotocol Adapter/A 1-65
2-R FDDI-Fiber Single Ring Adapter 1-67
2-S FDDI-Fiber Dual Ring Upgrade Kit Adapter 1-68
2-T FDDI-STP Single Ring Adapter 1-69
2-U FDDI-STP Dual Ring Upgrade Kit Adapter 1-71
3-1 8-Port Async Adapter - EIA-232 1-73
3-2 8-Port Async Adapter - EIA-422A 1-73
3-3 8-Port Async Adapter - MIL-STD 188 1-73
3-4 16-Port Async Adapter - EIA-232 1-76
3-5 16-Port Async Adapter - EIA-422A 1-78
3-6 64-Port Async Controller 1-80
3-7 128-Port Async Controller 1-86
4-1 SCSI Internal/External I/O Controller 1-98
4-2 SCSI-2 Differential High Performance External I/O Controller 1-100
4-3 High-Performance Disk Drive Subsystem Adapter 1-102
4-4 SCSI-2 Single-Ended Internal/External I/O Controller 1-103
4-5 High-Performance Disk Drive Subsystem Adapter (80MB/S) 1-105
4-6 SCSI-2 Differential Fast/Wide Adapter/A 1-106
4-7 SCSI-2 Fast/Wide Adapter/A 1-110
4-8 High-Performance Disk Drive Subsystem Adapter (40/80MB/S) 1-113
4-C Enhanced SCSI-2 Differential Fast/Wide Adapter/A 1-114
4-D SSA 4-Port Adapter 1-118
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Note:  Adapters shown with a * do not have an assigned adapter type.

Label Description Page

4-G Enhanced SSA 4-Port Adapter (8-Way) 1-120
4-I SSA 4-Port RAID Adapter 1-122
4-M Micro Channel Multi-Initiator/RAID EL Adapter 1-124
5-1 3270 Connection 1-127
5-2 Block Multiplexer Channel Adapter 1-128
5-3 Enterprise System Connection ESCON Channel Adapter 1-130
5-3 Enterprise System Connection ESCON Channel Emulator Adapter 1-131
5-4 S/370 Channel Emulator/A 1-132
6-1 Graphics Input Device Adapter 1-134
6-2 5086/5085 Attachment Adapter (AA) 1-136
6-2 System/370 Host Interface Adapter (HIA) 1-136
6-3 Async Expansion Adapter 1-138
6-4 Serial Optical Channel Converter 1-139
6-5 Digital Trunk Adapter 1-140
6-6 Digital Trunk Dual Adapter 1-142
6-8 5080 Coax Communications Adapter 1-145
7-1 M-Audio Capture and Playback Adapter 1-146
7-2 M-Video Capture Adapter (NTSC Version) 1-147
7-3 M-Video Capture Adapter (PAL Version) 1-149
7-5 Ultimedia Video I/O Adapter 1-151
7-5 JPEG Compression Option for Ultimedia Video I/O Adapter 1-152
7-6 Ultimedia Audio Adapter 1-154
8-5 Network Terminal Accelerator Adapter 256 1-155
8-6 Network Terminal Accelerator Adapter 2048 1-157
8-A HIPPI Transmit Adapter 1-159
8-B HIPPI Receive Adapter 1-159
8-S Auto Token Ring LAN Streamer MC 32 Adapter 1-161
8-U High-Performance 8F95 Ethernet LAN Adapter AUI (10Base5)

 and 10BaseT
1-163

8-V High-Performance 8F95 Ethernet LAN Adapter 10Base2 1-165
8-W TURBOWAYS 100 ATM Adapter 1-166
8-X Fiber Channel/266 Adapter 1-167
9-1 ARTIC960 4-Port Multiprotocol Adapter 1-168
9-2 ARTIC960 (4M) 8-Port X.21 Communications Controller Adapter 1-174
9-3 ARTIC960 (4M) 8-Port EIA-232 E Communications Controller Adapter 1-176
9-4 ARTIC960 (4M) 8-Port V.36 Communications Controller Adapter 1-178
9-9 TURBOWAYS 155 ATM Adapter 1-181
9-A Fiber Channel/1063 Adapter Short Wave 1-182
9-E 155 ATM Video Streaming Adapter 1-184
9-K 10/100 Mbps Ethernet MC Adapter 1-185
* Media Streaming Audio/Video Adapter 1-187
* Keyboard and Mouse Adapter for models J30 and J40 1-189
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FC (2770) Color Graphics Display Adapter (Type 1-1)
This adapter provides a way to attach the 5081 and 6091 displays to the system units.

...Note:  Be Sure the Cable Plug Aligns
          Correctly With the Connector.

Color Graphics Display Adapter Specifications

FRU Number 71F1223
Resolution 1280 X 1024
Colors 16M (256 active)
Bus architecture Micro Channel
Adapter size Type5
Busmaster Yes
Maximum number 2
Connector 3-position video
Cables Part number 58F2903.

Color Graphics Display Adapter 3-Position RGB Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2760) Grayscale Graphics Display Adapter (Type 1-2)
This adapter provides a way to attach the 8508 Monochrome Display to the system units.

.....

.....

.....

Grayscale Graphics Display Adapter Specifications

FRU Number 71F1224
Resolution 1280 X 1024
Shades of gray 256 (16 active)
Bus architecture Micro Channel
Adapter size Type5
Busmaster Yes
Maximum number 2
Connector 15-position, D-shell
Cables Attached to the display (two toroid kits,

part number 59F4585, are required).
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Grayscale Graphics Display Adapter 15-Position HD-15 Connector

POS 1

POS 6

POS 11

Position Signal Name

1
2
3
4

Reserved
Video

Reserved
Reserved

5
6
7
8

Signal ground
Reserved

Video return
Reserved

9
10
11
12

Reserved
Sync return
Reserved
Reserved

13
14
15

Horizontal sync
Vertical sync

Reserved
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FC (2780) 8-Bit 3D Color Graphics Processor (Type 1-3)
This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.

The high-performance 8-bit 3D graphics processor requires two adjacent adapter slots.
The optional Z-buffer solid rendering option attaches to the video interface card.

Note:  Be sure each end of the connectors are latched behind the latch bar.

Note:  Be Sure the Cable Plug Aligns
           Correctly With the Connector.

.....

.....

.....

Latch Bar

Base Card (MGE2)

Z-Buffer Option (MZB1)

Video Card (MRV2)

8-Bit Card (MDE1) Not Used

8-Bit 3D Color Graphics Processor Specifications

FRU Numbers Base card part number 42F6842 (MGE2)
Z-buffer option part number 42F6889 (MZB1)
Video card part number 71F1151 (MRV2)
8-bit card part number 71F1117 (MDE1)
Connector cable (wide) part number 53F3271
Connector cable (narrow) part number 53F3272

Resolution 1280 X 1024
Colors 256 out of 16M
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Microcode filename 8ee6.xx.xx
Connector 3-position video
Cables Part number 58F2903.
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8-Bit 3D Color Graphics Processor 3-Position Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2781) 24-Bit 3D Color Graphics Processor (Type 1-3)
This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.
The high-performance 24-bit 3D color graphics processor requires two adjacent adapter
slots. The optional 24-bit Z-buffer solid rendering option attaches to the video interface
card.

Note:  Be sure each end of the connectors are latched behind the latch bar.

24-Bit 3D Color Graphics Processor Specifications

FRU Numbers Base card part number 42F6842 (MGE2)
Z-buffer option part number 42F6889 (MZB1)
Video card part number 71F1151 (MRV2)
24-bit card part number 71F1114 (MEV2)
Connector cable (wide) part number 53F3271
Connector cable (narrow) part number 53F3272

Resolution 1280 X 1024
Colors 256 out of 16M
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Microcode filename 8ee6.xx.xx
Connector 3-position video
Cables Part number 58F2903.
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24-Bit 3D Color Graphics Processor 3-Position Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (4350) Graphics Subsystem Adapters (Type 1-4)
There are two types of graphic subsystem adapters labeled 1-4.

This adapter is some times referred to as the GtO Accelerator Adapter.

The first type (not shown) is used only in the 7016 system unit. It has two internal
connectors to attach the graphics subsystem card cage cables and an external 3-position
video connector to attach the display.

The second type (shown below) attaches the 7235 POWER GtO to a system unit. The
display attaches to the 7235. See the "7235 POWER GtO Installation and Service Guide",
SY66-0216 for additional information about the 7235. This adapter is part of the GtO
system.

This adapter comes with the GtO system.
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Graphics Subsystem Adapters Specifications

FRU Numbers First type for 7016, 53F6532
Second type, 74F3158

Resolution 1280 X 1024
Colors 16M (256 active)
Bus architecture Micro Channel
Busmaster Yes
Maximum number 1
Microcode file names 8ffdc2.xx.xx

8ffdgt.xx.xx
8ffdgu.xx.xx
8ffdgv.xx.xx
8ffdsh.xx.xx
8ffdvp.xx.xx
c25bif.bin
g2c25all.bin
p3gcpbat.bin

External connectors 3-position video (first type)
68-position D-shell (second type)

Cables First type, part number 58F2903
Second type, part number 74F3102.

Graphics Subsystem Adapter (First type) 3-Position RGB Video
Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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Graphics Subsystem Adapter (Second type) 68-Position Connector

1

2

67

68

Position Signal Name Position Signal Name

1
2
3
4

Ground
-cblcdsel
Power on
-cblcmd

35
36
37
38

AD5
AD6
AD7

Ground

5
6
7
8

-cbldack
-cbladl

Jumper / ground
-cblbusy

39
40
41
42

AD8
AD9

AD10
AD11

9
10
11
12

-cbltc
cbldefault

-cblend
cblsuspend

43
44
45
46

Ground
AD12
AD13
AD14

13
14
15
16

cblack
Ground
cblwtrd
-cblint

47
48
49
50

AD15
Ground
AD16
AD17

17
18
20
19

-cblstrobe
cblrst

-cblbe0
-cblbe1

51
52
53
54

AD18
AD19

Ground
AD20

21
22
23
24

-cblbe2
-cblbe3
Ground
cbldpar0

55
56
57
58

AD21
AD22
AD23

Ground

25
26
27
28

cbldpar1
cbldpar2
cbldpar3
Ground

59
60
61
62

AD24
AD25
AD26
AD27

29
30
31
32

AD0
AD1
AD2
AD3

63
64
65
66

Ground
AD28
AD29
AD30

33
34

Ground
AD4

67
68

AD31
Ground
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FC (2795, 2790) POWER Gt4 and POWER Gt4x 8-Bit Graphics
Subsystem (Type 1-5)

This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.

The high-performance 8-bit graphics subsystem requires two adjacent adapter slots. In
addition, a performance option card can be attached to the processor card. Addition of
this option card changes the name of the subsystem to POWER Gt4x.

Note:  Be sure the ends of all connectors are latched behind the latch clips. Remove
two-position cables first when installing or removing cards. Be sure that all plugs
and connectors align correctly.

.....

.....

.....

Latch
Clip

Base Graphics Card

Processor Card
(Placed in Lower Numerical
Slot
than Base Graphics Card)

Performance
Option Card
(Available on Gt4x
Cards Only)

Not Used if Present

RGB Video Connector

Two-Position Cables

Side-Mounted 70-Pin (terminator
P/N  70F9662) Terminators/Top-
Mounted Card Edge 60-Pin
Connector Shields (Wrap
Cables)
Must be Installed.
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POWER Gt4 and POWER Gt4x 8-Bit Graphics Subsystem
Specifications

FRU Numbers Base Graphics card 41F0499
Processor card 41F0489
Performance option card 70F9664
Connector cable (two-position) part number 51G9225

Note:  This FRU contains two cables, one with black connectors, 51G9224, and one with
brown connectors, 71F0253. If either of the connectors in the cable being
replaced is brown, the replacement cable with the brown connectors must be used;
if neither of the connectors in the cable being replaced is brown, the replacement
cable with the black connectors must be used.

Resolution 1280 X 1024
Colors 256 out of 16M
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Microcode filenames with performance option 8ee3.xx.xx

without performance option 8ee3n.xx.xx
Other 8ee3p4d1.xx.xx to 8ee3pd5.xx.xx

8ee3xb.xx.xx
8ee3nb.xx.xx

Connector 3-position video (RGB)
Cables RGB, part number 58F2903.
Wrap Cable 70F9662.
Slot Positioning The processor card must be placed in the lowest

numerical slot available, with the graphics card
placed in the adjacent, numerically higher slot.

Note:  The default refresh rate of this adapter is 60 Hz; a 77 Hz refresh rate can be
selected through system software. If video problems are encountered, determine if
the display has a 60 Hz-77 Hz refresh rate switch. If so, you may be able to solve
the video problem by selecting a different refresh rate.

POWER Gt4 and POWER Gt4x 8-Bit Graphics Subsystem RGB Video
Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2796, 2791) POWER Gt4 and POWER Gt4x 24-bit Graphics
Subsystem (Type 1-5)

This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.
The high performance 24-bit graphics subsystem requires three adjacent adapter slots.
For more function, a performance option card can be attached to the processor card.
Addition of this option card changes the name of the subsystem to POWER Gt4x.

Note:  Be sure to install adapters in the configuration illustrated. Be sure the ends of all
connectors are latched behind the latch clips. Remove two- and three-position
cables first when installing or removing cards. Be sure that all plugs and
connectors align correctly.

.....

.....

.....

Processor Card
(Placed in Lower Numerical Slot
Than Base Graphics or Option
Card; Base Graphics Card and
Option card must be placed in order
shown)

Performance
Option Card
(Available on Gt4x
Cards Only)

Not Used if Present

RGB Video Connector

Field Upgrade (8-bit to 24-bit)
Card

Three-Position
Cables

Base
Graphics
Card

Two-Position
Cables

Latch
Clip
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POWER Gt4 and POWER Gt4x 24-Bit Graphics Subsystem
Specifications

FRU Numbers Base graphics card, 41F0499
Field Upgrade (8- to 24-bit) card, 41F0503
Processor card, 41F0489
Performance option card 70F9664
Connector cable (two-position) part number 51G9225
Connector cable (three-position) part number 51G9227

Note:  This FRU contains two cables, one with black connectors, 51G9226, and one with
brown connectors, 71F0254. If either of the connectors in the cable being
replaced is brown, the replacement cable with the brown connectors must be used;
if neither of the connectors in the cable being replaced is brown, the replacement
cable with the black connectors must be used.

Resolution 1280 X 1024
Colors to 16M
Bus architecture Micro Channel
Busmaster yes
Maximum number 2
Microcode filenames with performance option card 8ee3.xx.xx

without performance option card 8ee3n.xx.xx
Other 8ee3p4d1.xx.xx to 8ee3pd5.xx.xx

8ee3xb.xx.xx
8ee3nb.xx.xx

Connectors 3-position video (RGB)
Cables RGB, Part number 58F2903.
Slot Positioning The processor card must be placed in the lowest

numerical slot available, with the graphics card
and option card, in that order, in the
adjacent, numerically higher slots.

Note:  The default refresh rate of this adapter is 60 Hz; a 77 Hz refresh rate can be
selected through system software. If video problems are encountered, determine if
the display has a 60 Hz-77 Hz refresh rate switch. If so, you may be able to solve
the problem by selecting a different refresh rate.

POWER Gt4 and POWER Gt4x 24-Bit Graphics Subsystem RGB Video
Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2711) POWER Gt4xi 8-bit Graphics Subsystem (Type 1-5)
This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.
The high performance 8-bit graphics subsystem requires two adjacent adapter slots.

Note: 

1. Take note when changing the base graphics card. The 41F0499 (first
illustration below) has top edge mounted wrap cables. The 52G4123 (second
illustration below) does not. Always replace the defective card with one of a
similar design.

2. Be sure to install adapters in the configuration illustrated. Be sure the ends of
all connectors are latched behind the latch clips. Remove the two-position
cables first when installing or removing cards. Be sure that all plugs and
connectors align correctly.

.....
.....
.....

Base
Graphics
Card

Not Used if Present
RGB Video Connector

Two-Position
Cables

Side-Mounted 70-Pin
Terminators/Top-Mounted
Card Edge 60-Pin Connector
Shields (Wrap cables)
(Must be Installed)

Gt4xi Processor Card
(Placed in Lower
Numerical Slot than
Graphics Card)

Gt4xi Processor Card
(Placed in Lower
Numerical Slot than
Graphics Card)

RGB
Video
connector

Gt4xi 8-bit
Graphics Card

Two-Position
Cables

Latch
Clip
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POWER Gt4xi 8-Bit Graphics Subsystem Specifications

FRU Numbers POWER Gt4xi 8-bit graphics card, 41F0499
POWER Gt4xi 8-bit graphics card, 52G4123
POWER Gt4xi Processor card, 52G1343
Connector cable (two-position) part number 51G9225

Note:  This FRU contains two cables, one with black connectors, 51G9224, and one with
brown connectors, 71F0253. If either of the connectors in the cable being
replaced is brown, the replacement cable with the brown connectors must be used;
if neither of the connectors in the cable being replaced is brown, the replacement
cable with the black connectors must be used.

Connector cable (two-position) part number 71F0253
Resolution 1280 X 1024
Colors 256 out of 16M
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Microcode filenames 8ee3.xx.xx
Other 8ee3p4d1.xx.xx to 8ee3p4d5.xx.xx

8ee3xb.xx.xx
8ee3nb.xx.xx

Connectors 3-position video (RGB)
Cables RGB, Part number 58F2903.
Cable wrap 70F9662
Slot Positioning The processor card must be placed in the lowest

numerical slot available, with the graphics card,
in that order, in the adjacent,
numerically higher slots.

Note:  The default refresh rate of this adapter is 60 Hz; a 77 Hz refresh rate can be
selected through system software. If video problems are encountered, determine if
the display has a 60 Hz-77 Hz refresh rate switch. If so, you may be able to solve
the problem by selecting a different refresh rate.

POWER Gt4xi 8-Bit Graphics Subsystem RGB Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2712) POWER Gt4xi 24-bit Graphics Subsystem (Type 1-5)
This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.
The high performance 24-bit graphics subsystem requires two adjacent adapter slots.

Note:  Be sure to install adapters in the configuration illustrated. Be sure the ends of all
connectors are latched behind the latch clips. Remove the two-position cables first
when installing or removing cards. Be sure that all plugs and connectors align
correctly.

Gt4xi Processor Card
(Placed in Lower Numerical
Slot than Graphics Card)

RGB
Video
connector

Gt4i 24-bit
Graphics Card

Two-Position
Cables

Latch Clip

Note:  The default refresh rate of this adapter is 60 Hz; a 77 Hz refresh rate can be
selected through system software. If video problems are encountered, determine if
the display has a 60 Hz-77 Hz refresh rate switch. If so, you may be able to solve
the problem by selecting a different refresh rate.
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POWER Gt4xi 24-Bit Graphics Subsystem Specifications

FRU Numbers POWER Gt4xi Processor card, 52G1343
Connector cable (two-position) part number 51G9225

Note:  This FRU contains two cables, one with black connectors, 51G9224, and one with
brown connectors, 71F0253. If either of the connectors in the cable being
replaced is brown, the replacement cable with the brown connectors must be used;
if neither of the connectors in the cable being replaced is brown, the replacement
cable with the black connectors must be used.

Resolution 1280 X 1024
Colors Up to 16M
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Microcode filenames 8ee3.xx.xx
Other 8ee3p4d1.xx.xx to 8ee3p4d5.xx.xx

8ee3xb.xx.xx
8ee3nb.xx.xx

Connectors 3-position video (RGB)
Cables RGB, Part number 58F2903.
Slot Positioning The processor card must be placed in the lowest

numerical slot available, with the graphics card,
in that order, in the adjacent,
numerically higher slots.

POWER Gt4xi 24-Bit Graphics Subsystem RGB Video Connector

Position 1 - Red



  
 

FC (2713) POWER Gt4i 24-bit Graphics Subsystem (Type 1-5)
This adapter provides a high-function graphics adapter for the 5081 and 6091 displays.
The high performance 24-bit graphics subsystem requires two adjacent adapter slots.

Note:  Be sure to install adapters in the configuration illustrated. Be sure the ends of all
connectors are latched behind the latch clips. Remove the two-position cables first
when installing or removing cards. Be sure that all plugs and connectors align
correctly.

Gt4xi Processor Card
(Placed in Lower Numerical
Slot than Graphics Card)

RGB
Video
connector

Gt4i 24-bit
Graphics Card

Two-Position
Cables

Latch Clip

1-24 Adapters, Devices, and Cable Information for Micro Channel Bus Systems  



  
 

POWER Gt4i 24-Bit Graphics Subsystem Specifications

FRU Numbers POWER Gt4i 24-bit graphics card, 52G4128
POWER Gt4i Processor card, 52G1338
Connector cable (two-position) part number 51G9225

Note:  This FRU contains two cables, one with black connectors, 51G9224, and one with
brown connectors, 71F0253. If either of the connectors in the cable being
replaced is brown, the replacement cable with the brown connectors must be used;
if neither of the connectors in the cable being replaced is brown, the replacement
cable with the black connectors must be used.

Resolution 1280 X 1024
Colors Up to 16M
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Microcode filenames 8ee3n.xx.xx
Other 8ee3p4d1.xx.xx to 8ee3p4d5.xx.xx

8ee3xb.xx.xx
8ee3nb.xx.xx

Connectors 3-position video (RGB)
Cables RGB, Part number 58F2903.
Slot Positioning The processor card must be placed in the lowest

numerical slot available, with the graphics card,
in that order, in the adjacent,
numerically higher slots.

Note:  The default refresh rate of this adapter is 60 Hz; a 77 Hz refresh rate can be
selected through system software. If video problems are encountered, determine if
the display has a 60 Hz-77 Hz refresh rate switch. If so, you may be able to solve
the problem by selecting a different refresh rate.

POWER Gt4i 24-Bit Graphics Subsystem RGB Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2777) POWER Gt3 Graphics Subsystem (Type 1-6)

Processor Card
(Solder Side)

Base Graphics Card

POWER Gt3 Graphics Subsystem Specifications

FRU Numbers Base graphics card, 00G1117
Processor card, 00G2916

Resolution 1280 X 1024
Colors Up to 256
Bus architecture Micro Channel
Busmaster Yes
Maximum number 4
Microcode filenames 8ee3l.xx.xx

8ee3ld1.xx.xx to 8ee3ld5.xx.xx
8ee3lb.xx.xx

Connectors 3-position video (RGB)
Cables RGB - Part number 58F2903.

POWER Gt3 Graphics Subsystem RGB Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2776) POWER Gt4e Graphics Subsystem (Type 1-8)

 Graphics Card

POWER Gt4e Graphics Subsystem Specifications

FRU Number Base graphics card, 51G8022
Resolution 1280 X 1024
Colors Up to 256
Bus architecture Micro Channel
Busmaster Yes
Maximum number 4
Microcode filenames 8ee3l3.xx.xx

8ee3ld1.xx.xx to 8ee3ld5.xx.xx
8ee3lb.xx.xx

Connectors 3-position video (RGB)
Cables RGB - Part number 58F2903.

POWER Gt4e Graphics Subsystem RGB Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2768) POWER Gt3i Graphics Subsystem (Type 1-9)

 Graphics Card

POWER Gt3i Graphics Subsystem Specifications

FRU Number Base graphics card, 43G0681
Resolution 1280 X 1024
Colors Up to 256
Bus architecture Micro Channel
Busmaster Yes
Maximum number 4
Microcode filenames 8ee3l2.xx.xx

8ee3ld1.xx.xx to 8ee3ld5.xx.xx
8ee3lb.xx.xx

Connectors 3-position video (RGB)
Cables RGB - Part number 58F2903.

POWER Gt3i Graphics Subsystem RGB Video Connector

Position 1 - Red

Position 2 - Green

Position 3 - Blue
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FC (2820) POWER GXT1000 Graphics Accelerator Attachment Adapter
for Attachment of the 7250 (Type 1-A)

The attachment adapter feature
allows connection of the system
unit to the 7250.

POWER GXT1000 Graphics Accelerator Attachment Adapter
Specifications

FRU Number 7250 POWER GXT1000 Graphics Adapter 65G4886
Resolution N/A
Colors N/A
Bus architecture Micro Channel
Busmaster Yes
Maximum number 1 for Models 7006, 7009, and 7011

2 for Models 7012, 7013, and 7030
Microcode filenames There are no microcode filenames for this

adapter. Refer to the "7250 POWER GXT1000
Graphic Accelerator Service Guide", order
number SY66-0219

Attachment adapter call out 908
Connectors 80 pin
Adapter Cable Length 2m (6.5 ft) 65G4892
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POWER GXT1000 Graphics Accelerator Attachment Adapter Connector

1

2 80

79

Position Signal Name Position Signal Name

1
2
3
4

addr00
addr01
addr02
addr03

41
42
43
44

-req
-ccmrom

trans64/32
cpdmatc0

5
6
7
8

addr04
addr05
addr06
addr07

45
46
47
48

sedmatc0
-breq
-rdy
avail

9
10
11
12

addr08
addr09
addr10
addr11

49
50
51
52

data00
data01
data02
data03

13
14
15
16

addr12
addr13
addr14
addr15

53
54
55
56

data04
data05
data06
data07

17
18
19
20

addr16
addr17
addr18
addr19

57
58
59
60

data08
data09
data10
data11

21
22
23
24

addr20
addr21
addr22
addr23

61
62
63
64

data12
data13
data14
data15

25
26
27
28

addr24
addr25
addr26
addr27

65
66
67
68

data16
data17
data18
data19

29
30
31
32

addr28
addr29
addr30
addr31

69
70
71
72

data20
data21
data22
data23

33
34
35
36
37

-reset
-busy

-int
poweron
-chchk

73
74
75
76
77

data24
data25
data26
data27
data28

38
39
40

rw
-strobe
-bgnt

78
79
80

data29
data30
data31
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FC (2650) POWER GXT150M Graphics Subsystem (Type 1-D)
The POWER GXT150M graphics subsystem is designed for superior 2D performance. It
has excellent line drawing and Bit Block Transfer operation on top of its enhanced
graphics capabilities. This adapter is available for Micro Channel models.

          1   2   3    4

O

I

Note: Switch settings determine which 
monitor is attached to this adapter.  For
more information refer to the display
switch setting table.

Display Switch

Switches shown
in On (O) Position

POWER GXT150M Graphics Subsystem Specifications

FRU Number Base card 66G4162
Resolution 1280 X 1024
Colors 16M (256 active)
Bus architecture Micro Channel
Busmaster Yes
Maximum number 2
Connector 13W3 D-shell
Cables 09G3539
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POWER GXT150M Graphics Subsystem Display Switch Position Table

Note:  In the following table, Display Switch position 1 is Off; Display Switch position ð is
On.

 
Display Type

Screen
Resolution
(Non-
Interlaced)

Refresh
Freq
(Hz)

Display
Switch
1 2 3 4

Display
Cable

Display
Mode
Switch

6317 Color
6324 Color
6325 Color
9524 Color
9525 Color

1280 x 1024 60 1 0 1 0 51G7826

1091-051 Color
POWERdisplay 16S

1280 x 1024 72 1 1 1 1 09G3589

5081-16 Color 1280 x 1024 60 1 1 1 1 09G3539 -

6091-16 Color
POWERdisplay 16

1280 x 1024 60 1 1 1 1 09G3539 out (1)

77 1 1 0 1 09G3539 in (2)

6091-19 Color 1280 x 1024 60 1 1 1 1 09G3539 2

67 1 1 1 0 09G3539 3

6091-19i Color
POWERdisplay 19

1280 x 1024 60 1 1 1 1 09G3539 2

77 1 1 0 1 09G3539 -

POWERdisplay 20 1280 x 1024 60 1 1 1 1 09G3539 2

77 1 1 0 1 09G3539 -

6091-23 Color 1280 x 1024 60 1 1 1 1 09G3539 -

POWERdisplay 17
Color

1280 x 1024 60 1 1 1 1 09G3539 -

77 1 1 0 1 09G3539 -

74 0 1 1 0 09G3539 -

Other Displays 1280 x 1024 60 0 1 1 1 09G3539 -

74 0 1 1 0 09G3539 -
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POWER GXT150M Graphics Subsystem 13W3 13-Position Connector

A1

1

10

5

6
A2

A3

Position Signal Name

A1
A2
A3

Red
Green
Blue

1
2
3

Card RST
ROM EM
GND

4
5
6

VSYNC GND
HSYNC
CARD EN

7
8
9
10

INTR RST
(No Connect)
VSYNC
HSYNC GND
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FC(2850) POWER GXT800M 3D Graphics Adapter W/Texture Memory
(Type 1-Q)

The POWER GXT800M 3D Graphics Adapter with texture memory is a single card
adapter. The adapter provides 3D graphics and texture acceleration.

The GXT800M covers three Micro Channel slot positions.

� %� %�
 m�
mOr¾ DI242442 s�%A�d abOu�% �%ÃO i��%� %�
s abOv�
 � %� %�
 �%Ard. Sp��%� 1fI�%A�%� 1o�s

 M�
mOr¾ DI2424 - 94� %6057� 2¾s�%�mS supïîr�%�d7012-497, a�d 7013-59� or �%� %�
�%ê wI� %� % ¾our MArká�%� 1�g R�ïß�Âán�%A�%� 1v�


fOr � 2¾s�%�mS supïîr�%�d

âÀS arc� %I�%�c�%Àr� Mñ�%ßo �%� %�
1���l

âÀS wId� %� %42-�
2ñ�%

èAx� 1mum �um�
2ár 1


um�
2ár of �%îlîrs supïîr�%�d 24-�
2ñ�%, 16.7 m� 1ll� 1o�

� 2�%ß��� r�ÂîlÀ�%� 1o�s 1024x76{ a�% 60 - 8� � %j vár�%� 1�%Al r�ãr�Âç

 12{0x1024 a�% 60 - 8� � %j vár�%� 1�%Al r�ãr�Âç

Dñsp
%A¾ PîwEr MA�ag�mEn�%Supïîr�%Â Vñdeo E
%�c�%ßo�i�%Â S�%A�dArdÂ Assî�%� 1a�%� 1o� (VSA).

 Dñsp
%A¾ PîwEr MA�ag�mEn�% Sig
all� 1�g (DPè42).

�%î���c�%îrs 15-p� 1� D-Âç�ll (� %D-15) �%î���c�%îr

 3.� mm S�%�r�î Ja�%ê



  
 

The POWER GXT800M Adapter with Texture Memory Supports:
� 8 and 24 bit double-buffered color
� 8 bit double-buffered alpha
� 8 bit single-buffered overlay
� 8 bits of window ids
� 24 bit Z-buffer
� 4 bit stencil
� OpenGL, PEX, graPHIGS, and GL 3.2 API's

 � 3D Acceleration:
 – Depth Buffering
 – Antialiasing
 – Gouraud shading

– Fog and Atmospheric effects
 – Stencil test
 – Alpha test
 – Blending
 – Dithering.

� Display resolution: 1280x1024 and 1024x768 (includes monitors that comply with ISO
9241, Part 3 Std.)

 � Stereo viewing
� The POWER GXT800M with base and texture supports HW acceleration of trilinear

mipmapped textures up to 512 x 512.
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POWER GXT800M 3D Graphics Adapter 15-pin D-Shell (HD-15)
Connector

Position Signal Name

1 RED

2 GREEN

3 BLUE

4 F_MONITOR_ID (2)

5 IOGND (ground)

6 RED_RTN

7 GREEN_RTN

8 BLUE_RTN

9 IOGND (ground)

10 IOGND (ground)

11 F_MONITOR_ID (0)

12 F_MONITOR_ID (1)

13 H_SYNC

14 V_SYNC

15 F_MONITOR_ID (3)
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FC (2980) - Ethernet High-Performance LAN Adapter Type (2-1)
This adapter provides a way for the system units to attach to a carrier sense multiple
access/collision detection (CSMA/CD) Ethernet network. This adapter attaches to either
the IEEE-802.3 type network or the ethernet version 2 network. The adapter has
connectors for both 10Base5 (thick) type and 10Base 2 (thin) connections. Only one
connector can be used at a time.

Ethernet High-Performance LAN Adapter Specifications

FRU Number 31F4075
I/O addresses 7280-728A; 7290-729A; 7680-768A

7690-769A; 7A80-7A8A; 7A90-7A9A
7E80-7E8A; 7E90-7E9A

Interrupt levels 9, 10, 11, 12
Bus architecture Micro Channel
Busmaster Yes
Maximum number 4
Connectors BNC coaxial
 15-position D-shell
Cables Customer supplied (Use a Y type connection)
Adapter wrap plugs 15-position D-shell, part number 70F9625

BNC, 25-ohm terminator, part number 70F9626
Tranceivers Thin, part number 02G7437

Twisted-Pair, part number 02G7431
Tranceiver cable Adapter-to-transceiver, thick and thin,

part number 02G7434
Tranceiver wrap plugs Thin, part number 02G7433

Twisted-Pair, part number 00G2380
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Ethernet High-Performance LAN Adapter 15-Position Connector

Position Mnemonic Signal Name

1
2
3
4

CI-S
CI-A
DO-A
DI-S

Control in circuit-shield
Control in circuit-A
Data out circuit-A
Data in circuit-shield

5
6
7
8

DI-A
Vc
CO-A
CO-S

Data In circuit-A
Voltage common
Control out circuit-A
Control out circuit-shield

9
10
11
12

CI-B
DO-B
DO-S
DI-B

Control in circuit-B
Data out circuit-B
Data out circuit-shield
Data in circuit-B

13
14
15

Shell

VP
VS
CO-B
PG

Voltage plus
Voltage shield
Control out-B
Protective ground
(conductive shell)
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FC (2970) Token-Ring High-Performance Network Adapter (Type 2-2)
This adapter provides a way for the system units to attach to a token-ring local-area
network (LAN). This adapter uses the IEEE-802.5 standard for communications.

.....
.....

Use This Label to Identify
This High-Performance
Adapter

FCC Class A
See manual.

16/4

Token-Ring High-Performance Network Adapter Specifications

FRU Number 00G2652
I/O addresses 86A0-86AF

96A0-86AF
A6A0-A6AF
B6A0-B6AF
C6A0-C6AF
D6A0-D6AF
E6A0-E6AF
F6A0-F6AF

Interrupt levels 2, 3, 4, 5, 7, 10, 11, 12
Bit rate 4M bits or 16M bits per second (set by program)
Bus architecture Micro Channel
Busmaster Yes
Maximum number 4
Microcode file names 8fc8m.xx.xx

8fc8p.xx.xx
8fcap.xx.xx

Connector 9-position, D-shell
Cables Token-ring cable, 3.04 m (10 ft.), part number 6339098

Token-ring cable, 6.08 m (20 ft.), part number 53F3930.
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Token-Ring High-Performance Network Adapter 9-Position Connector

Position Signal Name

1
2
3
4
5

Ring In 1 (red)
DC Common
+5 V dc
DC Common
Ring Out 2 (black)

6
7
8
9

Ring In 2 (green)
DC Common
DC Common
Ring Out 1 (orange)
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FC (2700) 4-Port Multiprotocol Communications Controller (Type 2-3)
This adapter provides a way to attach the system units to several types of synchronous
communications networks. The adapter consists of the multiprotocol base card and the
multiprotocol interface card. This combination provides four individually-addressable
synchronous communications channels.

Each of the four ports can only be attached to and operate with one network type. The
software configuration and network connection must match to operate correctly. See
Chapter 3, “Cables and Cabling” on page 3-1 for additional information.
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4-Port Multiprotocol Communications Controller 78-Position Connector

120
21
40

60

39
59

78

 
Mnemonic

 
Signal Name (Type of Interface)

Port
0

Port
1

Port
2

Port
3

-TXD
-RXD
+RTS
+CTS

Transmit Data (EIA232D)
Receive Data (EIA232D)
Request To Send (EIA232D, V.35)
Clear To Send (EIA232D, V.35)

40
02
01
61

04
64
63
25

66
28
27
48

69
31
30
51

SG
+DCD
-RCLKIN
+DTR

Signal Ground
Data Carrier Detect (EIA232D, V.35)
Receive Clock (EIA232D)
Data Terminal Ready (EIA232D, V.35)

43
22
62
60

07
45
26
24

08
09
10
47

67
12
17
50

+DSR
+HRS
+RI
-TCLKIN

Data Set Ready (EIA232D, V.35)
Data Rate Selector (EIA232D)
Ring Indicator (EIA232D)
Transmit Clock (EIA232D)

42
21
03
23

06
44
65
56

68
11
29
70

71
 

32
75

-DTECLK
+TxD (A)
-TxD (B)
+TDATA (A)

DTE Clock (EIA232D)
+Transmit Data (V.35)
-Transmit Data (V.35)
+Transmit Data (EIA422A- X.21)

15
36
53
37

34
49
14
 

54
 
 

13

73
 
 
 

-TDATA (B)
+RxD (A)
-RxD (B)
 
+TCLK (A)

-Transmit Data (EIA422A- X.21)
+Receive Data (V.35, EIA422A- X.21)
-Receive Data (V.35, EIA422A- X.21)
+Transmit Clock (V.35, EIA422A)
+Indicate (Port 0, X.21)

76
19
58
 

18

 
78
35
 

39

52
33
72
 
 

 
 
 
 
 

 
-T