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PREFACE

This manual documents the installation, operation and maintenance
of an intelligent disk controller (IDC) disk system. An IDC disk
system is a mass storage module (MSM) system or a medium capacity
cartridge disk drive (MCCDD) system having as its controller a
printed circuit board referred to as the IDC.

Chapters 1 and 2 are directed towards all wusers, e.g.; sales
personnel, instructors, customer engineers, technicians and
programmers. Chapter 1 defines what an IDC disk system is.
Chapter 2 presents detailed parts lists for possible IDC disk
systems and discusses procedures for installing an IDC disk
system. Chapters 3 and 4 are directed to customer engineers,
technicians and programmers. Chapter 3 describes the operation
of the IDC board at the block diagram level. Chapter 4 presents
detailed information necessary for the maintenance of an IDC disk
system.

This manual is also intended to cover the operation of the high
speed intelligent disk controller (HSIDC). All sections are
pertinent to the description of operation for the HSIDC with the
following exceptions:

e The HSIDC (35-932) is configurable only into systems with the
MSM825F disks.

e The HSIDC is designed to operate with shared memory data (SMD)
interface devices using up to 15MHz data clocks which allows
for disk data transfer rates of up to 1.8MB per second.

Revisions 21 through 23 include text and drawing changes.
Schematic and assembly drawings for the HSIDC have been
incorporated to accommodate support of the 825MB disk drives.

For information on the contents of all 32-bit manuals, see the
32-Bit Systems User Documentation Summary.
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CHAPTER 1
OVERVIEW

1.1 DESCRIPTION OF AN INTELLIGENT DISK CONTROLLER (IDC) DISK
SYSTEM

A disk system is the hardware that provides a processor with disk
support. It provides a processor with the capability of writing
to and reading from disk media. Basically, a disk system
consists of these hardware components:

e one or more disk files (a disk file is a disk drive with
removable or fixed disk media),

e a controller for interfacing these disk files to the
processor, and

e necessary cabling for interconnecting the controller hardware
and disk files.

‘An IDC disk system provides a Series 3200 Processor with support
for direct access devices or disk files. Chapter 2 specifies all
components of the various IDC disk systems. As shown in Figure
1-1, an IDC disk system consists of:

e one controller board, a printed circuit (PC) board referred to
as the IDC,

e one to four disk files with specially formatted disk media,
and

@ necessary cabling for connecting the IDC and disk files.

Figure 1-2 shows the IDC PC board. This board contains
microprocessor logic for directly interfacing disk files with the
Series 3200 Processor. Data transfer to and from the processor,
via a direct memory access (DMA) port, is through either a Series
3200 selector channel (SELCH) or channel manager (CM). For data
recovery from disk read errors, the IDC has the capability of
performing strobe offset or track offset sequences. It also has
an automatic error correction capability for correcting error
bursts of up to 11 bits in 1length. For detailed programming
information  on the characteristics of the IDC, see Table 1-1 and
the Intelligent Disk Controller (IDC) Programming Manual.
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The IDC can interface a maximum of four disk files to the Series
3200 Processor with overlapping seek and restore operations.
These can be any combination of disk files, i.e., mass storage
modules (MSMs) and/or medium capacity cartridge disk drives
(MCCDDs). For example, four interfaced files might be one of the
following combinations: 67MB MSM, 256MB MSM, 256MB MSM, and 81MB
cartridge disk drive (CDD); or, 256MB MSM, 256MB MSM, 256MB MSM,
and 54MB CDD; or, this: 27MB CDD, 54MB CDD, 81MB CDD, and 256MB
MSM. The IDC board will also support future disk files. For
performance data and other information on the supported disk
files, see the vendor manuals listed in Table 1-1.

NOTE

The disk media of an IDC system have a
physical format that is different from
and incompatible with the format of MSM
disk media. For additional information
on these differences, see the 1IDC
Programming Manual.

MSM disk drives allow installation of a dual-port option which
permits two controllers to share a single disk file; these two
controllers can be in the same processor cabinet or 1in separate
processor cabinets. The MCCDD and CDD50 systems are not capable
of dual-port operation.

Cabling from the IDC board to the disk files is simple and direct

because there is no interface, such as a control ©panel, between
the board and interfaced files.
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032-1

PLUGGED iNTO A
SERIES 3200 CABINET*

m

IDC
PC-BOARD

E Ty 1

A CABLES [:]- A A - B CABLES
(FOR CONTROL & ADDRESS DATA) (FOR READ & WRITE DATA)

REQUIRED OPTIONAL
DISK FILE DISK FILES

* For special applications requiring an Input/Output (I/0) bus
switch, the IDC is installed in a slot under the I1I/0 bus
Switch.

Figure 1-1 Basic IDC Disk System
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1.2 LIST OF RELATED PUBLICATIONS

Table 1-1 lists the manuals related to IDC disk systems.

TABLE 1-1 LIST OF RELATED PUBLICATIONS

e o o T T T T T T T I D T S e T s i e e St s e e W e e S ovs S S G S S SEE G v Moy N Fve S e e -
e R - - - T+ 1§+ 3 %+ 1 1 % %]

M48-018 Input/Output (I/O) Bus Switch Manual and
Control Panel Installation Manual

80MB Maintenance Manual Package (This package
contains vendor manuals for the 67MB MSM
removable media disk systems.)

300MB Maintenance Manual Package (This package
contains vendor manuals for the 256MB MSM
removable media disk systems.)

Model 3200 Selector Channel (SELCH) Maintenance
Manual

80MB (Fixed) Maintenance Manual Package (This
package contains vendor manuals for the 67MB
MSM fixed media disk systems.)

Vendor Manual Cartridge Disk Drive (This manual
is for the 27MB, 54MB and 81MB MCCDD
systems.)

825MB (Fixed) Maintenance Manual Package (This
package contains vendor manuals for the 646MB
MSM fixed media disk systems).

Channel Manager (CM)

Intelligent Disk Controller (IDC) Programming
Reference Manual (includes CDD50 system)

330MB Disk Drive Vendor Manual
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CHAPTER 2
INSTALLATION

2.1 INTRODUCTION

This chapter gives detailed parts 1lists and instructions for
installing an intelligent disk controller (IDC) system. Before
reading it, you should be familiar with Chapter 1.

2.2 DETAILED PARTS LISTS

Tables 2-1 through 2-20 in this section list the components and
give a product-number to part number cross reference for the disk
systems supported by the IDC. Corresponding to these tables are
the 21 IDC disk systems:

DISK
TABLE SYSTEM DESCRIPTION

1 Removable Media 67MB MSM Disk System, 60Hz

2 Removable Media 67MB MSM Disk System, 50Hz

3 Fixed Media 67MB MSM Disk System, 60Hz

4 Fixed Media 67MB MSM Disk System, 50Hz

5 Fixed Media 67MB MSM Disk System, 60Hz, with HPT*
6

7

8

9

Fixed Media 67MB MSM Disk System, 50Hz, with HPT¥
Removable Media 256MB MSM Disk System, 60Hz
Removable Media 256MB MSM Disk System, 50Hz
27MB MCCDD System, 60Hz

0 10 27MB MCCDD System, 50Hz

1 11 54MB MCCDD System, 60Hz

-12 12 54MB MCCDD System, 50Hz

2-13 13 81MB MCCDD System, 60Hz

2-14 14 81MB MCCDD System, 50Hz

2-15 15 Fixed Media 330MB Disk System, 60Hz

2-16 16 Fixed Media 330MB Disk System, 50Hz

2-17 17 CDD50 Disk System, 60Hz

2-18 18 CDD50 Disk System, 50Hz

2-19 19 Fixed Media 825MB MSM Disk System, 60Hz+

2-20 20 Fixed Media 825MB MSM Disk System, 220V/50Hz+

2-20 21 Fixed Media 825MB MSM Disk System, 240V/50Hz+

11 I
HHEOVONOAUTEWNDH

DN NNDNDNDNDDNDDND N
|

* HPT refers to the Head Per Track option available with the
67MB fixed media disk.
+ Applies only to systems with HSIDC

See Section 2.2.1 for additional cabling information.
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TABLE 2-1

| PRODUCT NO |
| (QUANTITY) |

I -ttt T - T i 3 1 1t - i 2 -t 2 2 2 B2 2 3 3 f 3 Fof

M60-102

D = ]

M60-110

b e s

DESCRIPTION

Single Drive System, 60Hz, 115V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual Package
IDC Programming Manual

Test Program

Format Program

Ground Strap, 9.14m (30ft)

67MB Disk Drive, 60Hz, and Cable
External A- and B-Cable, 9.1l4m
(30ft)

Formatted Disk Pack

Disk Drive Terminator

IDC Board

Expansion Drive, 60Hz

Vendor Maintenance Manual Package
Ground Strap, 4.57m (15ft)

Ground Strap, 9.14m (30ft)
External B-Cable, 9.14m (30ft)
67MB Disk Drive, 60Hz, and Cable
External A-Cable, 4.57m (15ft)
Formatted Disk Pack

REMOVABLE MEDIA 67MB MSM DISK SYSTEM,

60Hz

PART
NUMBER

02-798F01

47-032
29-585
50-007
06-267
06-268
17-295F01
27-081F04

17-685
24-080F02
35-636
35-807

02-801F01

29-585
17-295F03
17-295F01
17-686
27-081F04
17-687
24-080F02
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TABLE 2-2 REMOVABLE MEDIA 67MB MSM DISK SYSTEM, 50Hz

—————— — G—n - —_—————— I S —— T S T —————————— W A G T T G —— " — - ——————

| PRODUCT NO|
| (QUANTITY) |

M60-111

e e e

Single Drive System, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual Package
IDC Programming Manual

Test Program

Format Progran

Ground Strap, 9.14m (30ft)

67MB Disk Drive, 50Hz, and Cable
External A- and B-Cable, 9.14m
(30£ft)

Formatted Disk Pack

Disk-Drive Terminator

IDC Board

Expansion Drive, 50Hz

Vendor Maintenance Manual Package
Ground Strap, 4.57m (15ft)

Ground Strap, 9.14m (30ft)
External B-Cable, 9.14m (30ft)
67MB Disk Drive, 50Hz, and Cable
External A-Cable, 4.57m (15ft)
Formatted Disk Pack

PART
NUMBER

02-798F02

47-032
29-585
50-007
06-267
06-268
17-295F01
27-081F05

17-686
24-080F02
35-636
35-807

02-801F02

29-585
17-295F03
17-295F01
17-686
27-081F05
17-687
24-080F02

— — ——— —— —— — At et — . —— — — — — — — — — — — — — —— —— — — S—— o

47-032 R23



TABLE 2-3 FIXED MEDIA 67MB MSM DISK SYSTEM,

. — —— - 'y S W Y Y S ST EPY GRS W GV M SN W W W o WS G GUS WY G SR W A SR SR G S Gee WY G W G S R S GUR S AT A W S G S0

| PRODUCT NO |
| (QUANTITY) |

I=============:========================================a:a======

M60-104

T o o

|.._.................._...........__........_...._ o o e o e o e e e e 2 e o e o et S o e

2-4

DESCRIPTION

MSM 80F, 60Hz, 115V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual Package
IDC Programming Manual

Test Program

Format Program

Ground Strap, 1.83m (6ft)

67MB Fixed Media Disk Drive, 115V
Heavy Duty Shielded MSM A-Cable,
60 pins, 4.57m (15ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15ft)

Disk Drive Terminator

IDC Board

MSM 80F Expansion, 60Hz, 115V

Vendor Maintenance Manual Package
Chassis Ground Strap, 1.83m (6ft)
6MB Fixed Media Disk Drive, 115V

Heavy Duty Shielded MSM A-Cable,

60 pins, 2.44m (8ft)

Heavy Duty Shielded MSM B-Cable,

26 pins, 4.57m (15ft)

60Hz

PART
NUMBER

02-799F01

47-032
29-729
50-007
06-267
06-268
17-295F04
27-115F05
17-521F01

17-520F01

35-636
35-807

02-802F01
29-729

17-295F04
27-115F05
17-521F02

17-520F01
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TABLE 2-4 FIXED MEDIA 67MB MSM DISK SYSTEM,

50Hz

- —— T S — S S a7 S G S S GO GSP GIY GOV Y WY e AP G s e G A S S S GEN TS NNS G G G e Y W G W G S P W G S W Y —

| PRODUCT NO|
| (QUANTITY) |

M60-105

b e b e e e

M60-113

e

[

MSM 80F, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual Package
IDC Programming Manual

Test Program '

Format Program

Ground Strap, 1.83m (6ft)

67MB Fixed Media Disk Drive, 220V
Heavy Duty Shielded MSM A-Cable,
60 pins, 4.57m (15ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15ft)

Disk Drive Terminator

IDC Board

MSM 80F Expansion, 50Hz, 220V

Vendor Maintenance Manual Package
Chassis Ground Strap, 1.83m (6ft)
67MB Fixed Media Disk Drive, 220V
Heavy Duty Shielded MSM A-Cable,
60 pins, 2.44m (8 ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15 ft)

PART
NUMBER

e w—— ——— g S G Smr o SEE e S S Sy M Ee S G e e S S M e e S S W S S mm S S8 mwm mw S e S Sy mas T T Shn S Tim Sim S e e e s S ms mam mm mue m e
S+ttt 1+ttt + 11+ttt 1 22 2 2 22 3 2 32 2 2 2t E 2 2 22 2 F 13 3 3 2 3

02-799F02

47-032
29-729
50-007
06-267
06-268
17-295F04
27-115F06
17-521F01

17-520F01

35-636
35-807

02-802F02

29-729

17-295F04
27-115F06
17-521F02

17-520F01

— — — — — —— —— —— — ———— — — — —— — — — — — — — — — — —
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TABLE 2-5

| PRODUCT NO |
| (QUANTITY) |

[ S Y

-

FIXED MEDIA 67MB MSM DISK SYSTEM,

MSM 80F w/HPT Option, 60Hz, 115V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual Package
IDC Programming Manual

Test Program

Format Program

Ground Strap, 1.83m (6ft)
67MB Fixed Media Disk Drive,
1.6MB HPT, 115V

Heavy Duty Shielded MSM A-Cable,
60 pins, 4.57m (15ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15ft)

Disk Drive Terminator

IDC Board

with

MSM 80F Expansion with HPT,
60Hz, 115V

Vendor Maintenance Manual Package
Chassis Ground Strap, 1.83m (6ft)
67MB Fixed Media Disk Drive, with
l1.6MB HPT, 115V

Heavy Duty Shielded MSM A-Cable,
60 pins, 2.44m (8ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15ft)

60Hz, WITH HPT

PART
NUMBER

o w me e m  wee T S mnw S Sy s S S S e e S SUm e s M Swe S mur EE M Sme GmR Gy G S S SN S G S Smm SUS G NS v SRa NN She S SES Sum mmm Smp Sur WSS N mes Sme s lns S
e R e T 2t 3 -2 3 1 2 2 2 2 -3 2 3 5 3

02-799F03

47-032
29-729
50-007
06-267
06-268
17-295F04
27-115F07

17-521F01
17-520F01

35-636
35-807

—— e —— G - Gr% SES S NG GE G S S n e Sme e G e GE G M G DY MM NS GED SN NS EES SN GUP NS G GO G Gus s B S GV MUY G et G G G Ghe G M G G e am. -

02-802F03

29-729

17-295F04
27-115F07
17-521F02

17-520F01

47-032 R23
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TABLE 2-6

FIXED MEDIA 67MB MSM DISK SYSTEM, 50Hz, WITH HPT

| PRODUCT NO |
| (QUANTITY) |

M60-107

HH R e e e

DESCRIPTION

MSM 80F w/HPT Option, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual Package
IDC Programming Manual

Test Program

Format Program

Ground Strap, 1.83m (6ft)

67MB Fixed Media Disk Drive, with
1.6MB HPT, 220V

Heavy Duty Shielded MSM A-Cable,
60 pins, 4.57m (15ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15ft)

Disk Drive Terminator

IDC Board

MSM 80F Expansion with HPT,
50Hz, 220V

Vendor Maintenance Manual Package
Chassis Ground Strap, 1.83m (6ft)
67MB Fixed Media Disk Drive, with
1.6MB HPT, 220V

Heavy Duty Shielded MSM A-Cable,
60 pins, 2.44m (8ft)

Heavy Duty Shielded MSM B-Cable,
26 pins, 4.57m (15ft)

PART
NUMBER

T N T T T T T T T 3 T T T T T 1 T 113
S N T T T N N I T N I N T N T S SN T S N S e RN RS S E s EESErEE

02-799F04

47-032
29-729
50-007
06-267
06-268
17-295F04
27-115F08

17-521F01
17-520F01

35-636
35-807

— — —— . - - - S - G G Oon WS e W e G G S NE M GVF GRS G MY GRS e SE. MR G G W G S GeY W e e R WDV GER MDY Gw G0 WSS Gmv S G G W S

02-802F04

29-729

17-295F04
27-115F08
17-521F02

17-520F01

- — o — - — - Gm— S G W e W D G GO0 WY W GNP S U e TEY WY G S SR e G G Mt NS S T G W G S G T SmA G TR e SN GmS G G G ———

47-032 R23
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TABLE 2-7

| PRODUCT NO |
| (QUANTITY) |

e e e e T e T T S e T T T . T e T T e T i Mt e o e e s e S S ST E S R G e A EE AR SR S N SN M S N I A T T I I NI I RS
3+ttt a2ttt s 2 2 42t - 3 i+t Tt 1 T 1ttt T Tt 1 2t 1 212221

Single Drive System, 60Hz, 115V

M60-100

o b e b e b e

I
|
!
I
I
|
I
!
I
I
I
I
|
I
I

M60-108

= b bt e el

| M60-117 |

DESCRIPTION

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program

Format Program

Ground Strap, 9.14m (30ft)
256MB Disk Drive, 60Hz
External A- and B-Cable,
9.14m (30ft)

Formatted Disk Pack

Disk Drive Terminator

IDC Board

Expansion Drive, 60Hz

Vendor Maintenance Manual

~Ground Strap, 4.57m (15ft)

Ground Strap, 9.14m (30ft)
External B-Cable, 9.14m (30ft)
256MB Disk Drive, 60Hz
External A-Cable, 4.57m (15ft)
Formatted Disk Pack

REMOVABLE MEDIA 256MB MSM DISK SYSTEM, 60Hz

PART
NUMBER

02-797F01

47-032
29-586
50-007
06-267
06-268
17-295F01
27-082F04

17-685
24-079F02
35-636
35-807

— ——— " " G > - G o Y . W — o —— O G S G W Wm W G G GDY ) A WS WS G GNY WY G G G ST Gt G W G W G G - -

02-800F01

29-586
17-295F03
17-295F01
17-686
27-082F04
17-687
24-079F02

47-032 R23
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TABLE 2-8 REMOVABLE MEDIA 256MB MSM DISK SYSTEM,

50Hz

| PRODUCT NO|
| (QUANTITY) |

M60-109

O

Single Drive System, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program

Format Program

Ground Strap, 9.14m (30ft)
256MB Disk Drive, 50Hz
External A- and B-Cable,
9.14m (30ft)

Formatted Disk Pack

Disk Drive Terminator

IDC Board

Expansion Drive, 50Hz

Vendor Maintenance Manual

Ground Strap, 4.57m (15ft)

Ground Strap, 9.14m (30ft)
External B-Cable, 9.14m (30ft)
256MB Disk Drive, 50Hz, and Cable
External A-Cable, 4.57m (15ft)
Formatted Disk Pack

PART
NUMBER

02-797F02

47-032
29-586
50-007
06-267
06-268
17-295F01
27-082F05

17-685
24-079F02
35-636
35-807

02-800F02

29-586
17-295F03
17-295F01
17-686
27-082F05
17-687
24-079F02

- - ———_ " . — " S S G S S S S e e Sne e W S SR U S e e G GG N BET M LS S ST S N GDY Y S SRS G G R W G S S S e —
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TABLE 2-9 27MB MC-CDD SYSTEM, 60Hz

| PRODUCT NO |
{(QUANTITY)I

M46-770

S

M46-732

et bt et et et e e

| PART
DESCRIPTION | NUMBER

MCCDD 27, 60Hz, 115V : 02~ 777F03
IDC Installation/Maintenance Manual | 47-032
Vendor Maintenance Manual | 29-749
IDC Programming Manual | 50-007
Test Program | 06-267
Format Program | 06-268
Ground Strap, 1.07m (42in) | 17-295F05
27MB MCCDD, 60Hz, 115V | 27-131F03
External A- and B-Cable, |
4.57m (15ft) | 17-685F01
Disk Drive Terminator | 35-815
IDC Board | 35-807

I Mounting Kit | 16-876
Expansion Drive, MCCDD 27, 60Hz } 02-761F01
Vendor Maintenance Manual | 29-749
Ground Strap, 1.07m (42in) | 17-295F05
Ground Strap, 1.83m (6ft) | 17-295F04
External B-Cable, 4.57m (15ft) | 17-686F01
27MB MCCDD, 60Hz, 115V | 27-131F03
External A-Cable, 1.07m (42in) | 17-411F03M01
External A-Cable, 4.57m (15ft) | 17-687
Formatted Disk Cartridge, 13.5MB | 24-104F02
Mounting Kit | 16-876
13.5MB Formattud Disk Cartridge | 24-104F02

- S A - - ot G T Gt G A - —— W - —— G ———— - G ————— S—o W W S = —— I A" S - . W W "
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TABLE 2-10 27MB MCCDD SYSTEM, 50Hz

D T T T Y e ot e S T S v 0 G > ot - — " T t—— o " S T T ——~" o —— o —

| PRODUCT NO |
| (QUANTITY) |

M46-733

bt e e e e

R R R T O I o T o o o I o T T o T T T o T O o I o o o 50 T I ooz o o o o e o o oom o s oo e o e e S e S = o ot T —
b e e e e - 3 ¥ F F F F 5 F F ¥ F F N ey e

MCCDD 27, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program

Format Program

Ground Strap, 1.07m (42in)
27MB MCCDD, 50Hz, 220V
External A- and B-Cable,
4.57m (15ft)

Disk Drive Terminator

IDC Board

Mounting Kit

Expansion Drive, MCCDD 27, S50Hz

Vendor Maintenance Manual

Ground Strap, 1.07m (42in)
Ground Strap, 1.83m (6ft)
External B-Cable, 4.57m (15ft)
27MB MCCDD, 50Hz, 220V

External A-Cable, 1.07m (42in)
External A-Cable, 4.57m (15ft)
Formatted Disk Cartridge, 13.5MB
Mounting Kit

PART
NUMBER

02-777F04

47-032
29-749
50-007
06-267
06-268
17-295F05
27-131F04

17-685F01
35-815
35-807
16-876

02-761F02

29-749

17-295F05
17-295F04
17-686F01
27-131F04

17-411F03M01

17-687
24-104F02

— i —— — — ——— — — — —— — ———— — — —— — — — — — —— — ———s ——
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| PRODUCT NO |
| (QUANTITY) |

M46-772

T Ll s

TABLE 2-11 54MB MCCDD SYSTEM,

DESCRIPTION

S T S T T T R SRS SR S S E S SRS EERES

MCCDD 54, 60Hz, 115V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program
Format Program
Ground Strap,
54MB MCCDD,

1.07m (42in)
60Hz, 115V

Exterenal A- and B-Cable, 4.57m
(15ft)

Disk-Drive Terminator

IDC Board

Mounting Kit
Expansion Drive, MCCDD 54, 60Hz

Vendor Maintenance Manual

Ground Strap, 1.07m (42in)
Ground Strap, 1.83m (6ft)
External B-Cable, 4.57m (15ft)
54MB MCCDD, 60Hz, 115V

External A-Cable, 1.07m (42in)
External A-Cable, 4.57m (15ft)
Formatted Disk Cartridge, 13.5MB
Mounting Kit

60Hz

PART
NUMBER

I 3
T=INEENEEEIEEEEEES

02-778F03

47-032
29-749
50-007
06-267
06-268
17-295F05
27-130F03

17-685F01
35-815
35-807
16-876

02-762F01

29-749

17-295F05
17-295F04
17-686F01
27-130F03

17-411F03M01

17-687
24-104F02
16-876

47-032 R23



TABLE 2-12 54MB MCCDD SYSTEM,

50Hz

S A . mn Gt G R G G D G G S R G SN SR VNS S S W R Gee GV GNS G NS e Sy D S M GRS G GNP TS M SR W GRS S Gu Gen WS¢ e ST God NS GED S L GIN GNN GUD D S M GES S G W

| PRODUCT NO|
| (QUANTITY) |

M46-735

b et e b

MCCDD 54, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program

Format Program

Ground Strap, 1.07m (42in)
54MB MCCDD, 50Hz, 220V
External A- and B-Cable,
(15£ft) _
Disk Drive Terminator
IDC Board

Mounting Kit

4.57m

.Expansion Drive, MCCDD 54, 50Hz

Vendor Maintenance Manual

Ground Strap, 1.07m (42in)
Ground Strap, 1.83m (6ft)
External B-Cable, 4.57m (15ft)
54MB MCCDD, 50Hz, 220V

External A-Cable, 1.07m (42in)
External A-Cable, 4.57m (15ft)
Formatted Disk Cartridge, 13.5MB
Mounting Kit

PART
NUMBER

S T iy S S S G S G o e S S GNR Set B b AT wmR Wev Sms Sms S Sma ewe S mm M S mm mm T EW I DN DN DD A oS
F3 1 T 11t 13 1 1t 1t 1t 1 1t 1t 1t 1 1ttt ittt 11t 11 1ttt T2k R Rk Rk R R

02-778F04

47-032
29-749
50-007
06-267
06-268
17-295F05
27-130F04

17-685F01
35-815
35-807
16-876

02-762F02

29-749

17-295F05
17-295F04
17-686F01
27-130F04

17-411F03MO1

17-687
24-104F02
16-876

. _n W S W S S S SN W S W Y e G G B Y WY Gie G G Wt W G SN Y G MY M R WY GWS WY WSS ST GRS GN G N WS G G GG SN GEE e N ST G M G R e

47-032 R23
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TABLE 2-13

81MB MCCDD SYSTEM, 60Hz

S S A S B S I G L G G e G e SIS G A Gmt D BV W SED SN G G WA W UV WD W Y G D UMY WD WD D SN IR GSY GNP SV SHR WY N S SR W W SN G G W W

| PRODUCT NO |
| (QUANTITY) |

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program

Format Program

Ground Strap, 1.07m (42in)
81MB MCCDD, 60Hz, 115V
External A- and B-Cable,
(15f£t)

Disk Drive Terminator
IDC Board

Mounting Kit

4.57m

Expansion Drive, MCCDD 81, 60Hz

Vendor Maintenance Manual

Ground Strap, 1.07m (42in)
Ground Strap, 1.83m (6ft)
External B-Cable, 4.57m (15ft)
81MB MCCDD, 60Hz, 115V

External A-Cable, 1.07m (42in)
External A-Cable, 4.57m (15ft)
Formatted Disk Cartridge, 13.5MB
Mounting Kit

P T L L Y T T T T e e T T 1
3+t 2 i 2 2 2 3 3 33 3+t 2t 1t 3 1t 2 T 1 2 2 2 2 2 2 1 2 2 3 2 3 2 1 12

PART

NUMBER

EEREEEEEEEEREEE=

02-779F03

47-032
29-749
50-007
06-267
06-268
17-295F05
27-129F03

17-685F01
35-815
35-807
16-876

02-763F01

29-749

17-295F05
17-295F04
17-686F01
27-129F03

17-411F03M01

17-687
24-104F02
16-876

2-14

47-032 R23



TABLE 2-14 81MB MCCDD SYSTEM,

50Hz

| PRODUCT NO |
| (QUANTITY) |

M46-775

T N

M46-737

[ L

MCCDbD81, 50Hz, 220V

IDC Installation/Maintenance Manual

Vendor Maintenance Manual
IDC Programming Manual
Test Program

Format Program

Ground Strap, 1.07m (42in)
81MB MCCDD, 50Hz, 220V
External A- and B-Cable,
(15ft)

Disk-Drive Terminator
IDC Board

Mounting Kit

4.57m

Expansion Drive, MCCDD81, 50Hz

Vendor Maintenance Manual

Ground Strap, 1.07m (42in)
Ground Strap, 1.83m (6ft)
External B-Cable, 4.57m (15ft)
81MB MCCDD, 50Hz, 220V

External A-Cable, 1.07m (42in)
External A-Cable, 4.57m (15ft)
Formatted Disk Cartridge, 13.5MB
Mounting Kit

PART
NUMBER

02-779F04

47-032
29-749
50-007
06-267
06-268
17-295F05
27-129F04

17-658F01
35-815
35-807
16-876

02-763F02

29-749

17-295F05
17-295F04
17-686F01
27-129F04

17-411F03M01

17-687
24-104F02
16-876

———— T T G0 W . T v WYR W Gae WGPt G G W Ve MR NS G G D G S G G S W M T W S M GRS W M S G W G RN VS A G S S G G S e e e G S S —

47-032 R23
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TABLE 2-15 FIXED MEDIA 330MB DISK SYSTEM 60Hz

| PRODUCT NO |
I(QUANTITY)I

M60 120

bt b et et e et e et e

M60-122

bt et et

DESCRIPTION

MSM300F Disk System 115V, 60Hz
IDC Disk Test Program

IDC Disk Format Program
Installation Kit

Ground Strap, 9.14m (30ft)
External A- and B-Cable, 4.57m
(15ft)

330MB Disk Drive 115V, 60Hz
Intelligent Disk Controller
Disk Drive Terminator
Installation/Maintenance Manual
IDC Programming Manual

Vendor Maintenance Manual

MSM300FE Disk Exp. 115V, 60Hz

IDC Disk Test Program

IDC Disk Format Program
Installation EKit

Ground Strap, 9.14m (30ft)
External A-Cable, 2.44m (8ft)
External B-Cahkle, 4.57m (15ft)
330MB Disk Drive 115V, 60Hz
Vendor Maintenance Manual

PART
NUMBER

R S P e Y] s 22 3 3 - F 1 1 5 ¥ T YT

02-830F01

06-267
06-268
16-932
17-295F01

17-685F01
27-148F01
35-807
35-852
47-032
50-007

02-831F01

06-267
06-268
16-932
17-295F01
17-687F01
17-686F01
27-148F01
51-041

_———-——m—--——c——-——-——--———.—.--———————---—-—_——————-———-——————-—-——_
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TABLE 2-16 FIXED MEDIA 330MB DISK SYSTEM,

— - ——" . — T S . G S - G Y 7 WY S GGP GAP G GV SUT G G Gah G G M G Gin G GEY MR W HNS WM GV @S0 GEY W GV WIS GEY GRY SR G G W S G o e m— -

| PRODUCT NO |
| (QUANTITY) |

MSM300F Disk System 230V, 50Hz

IDC Disk Test Program

IDC Disk Format Program
Installation Kit

Ground Strap, 9.14m (30ft)

External A- and B-Cable, 4.57m
(15ft)
330MB Disk Drive 230V, 50Hz

Intelligent Disk Controller
Disk Drive Terminator
Installation/Maintenance Manual
IDC Programming Manual

Vendor Maintenance Manual

MSM300FE Disk Exp. 230V, 50Hz

IDC Disk Test Program

IDC Disk Format Program
Installation Kit

Ground Strap, 9.14m (30ft)
External A-Cable, 2.44m (8ft)
External B-Cable, 4.57m (15ft)
330MB Disk Drive 230V, 50Hz
Vendor Maintenance Manual

PART

T T T T e T r r  r r r r r r r r 1 r r r ry 1 r 11

02-830F02

06-267
06-268
16-932
17-295F01

17-658F01
27-148F02
35-807
35-852
47-032
50-007
51-041

02-831F02

06-267
06-268
16-932
17-295F01
17-687F01
17-686F01
27-148F02
51-041

47-032 R23
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| PRODUCT NO |
| (QUANTITY) |

M60-140

I R R S e

M60-142

P T

2-18

TABLE 2-17 CDD50 DISK SYSTEM 60Hz

DESCRIPTION
CDD50 Disk System 115V, 60Hz

Disk Test Program

IDC Disk Format Program
Installation Kit
Intelligent Disk Controller
Disk Drive 50MB (115V AC)
Cartridge Disk 25MB
Terminator Board

A/B Cable (shielded)

10" Ground Cable

24" Ground Cable

36" Ground Cable

Manual, Installation & Maintenance
Manual, Programming

Manual, Vendor Maintenance

CDD50E Disk System 115V, 60Hz

IDC Disk Test Program
IDC Disk Format Program
Installation Kit

Disk Drive 50MB (115V AC)
Cartridge Disk 25MB

"A" Cable

"B" Cable

10" Ground Cable

24" Ground Cable

36" Ground Cable

Manual, Vendor Maintenance

PART
NUMBER

3t A it 2t 2 st 3 3 S 2 3 33+ 3+ 2t St 2t - - T 2 5 3 2+ 2 2 32 3 2 1 -4 £33

02-841F01

06-267
06-268
16-942F01
02-734
27-149F01
24-109
35-876
17-663
17-584F01
17-584F02
17-585F02
47-032
50-007
51-054

02-842F01

06-267
06-268
16-942F02
27-149F01
24-109F01
17-664
17-665
17-584F01
17-584F02
17-585F02
51-054

47-032 R23



| PRODUCT NO|
| (QUANTITY) |
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TABLE 2-18 CDD50 DISK SYSTEM 50Hz

CDD50 Disk System 230V, 50Hz

IDC Disk Test Program

IDC Disk Format Program
Installation Kit
Intelligent Disk Controller
Disk Drive 50MB (230V AC)
Cartridge Disk-25MB
Terminator Board

A/B Cable (shielded)

10" Ground Cable

24" Ground Cable

36" Ground Cable

Manual, Installation & Maintenance
Manual, Programming

Manual, Vendor Maintenance

CDDS50E Disk System 230V, 50Hz

IDC Disk Test Program
IDC Disk Format Program
Installation Kit

Disk Drive 50MB (230V AC)
Cartridge Disk-25MB

"A" Cable

"B" Cable

10" Ground Cable

24" Ground Cable

36" Ground Cable

Manual, Vendor Maintenance

PART
NUMBER

——— e s S WA Gme G Gam G G GnS S SWA SN S-S v P W AR M S GAN GUR A GV h G et ST s HGD G S QU N S S S GWr NS WU SR Ses SmS SHN S S S S SwS Smr S S W mw mw T EE T TS S0
R N N N S T N R N S N R SN N N N N T N N T R e S S R N e T R e EEe=

02-841F02

06-267
06-268
16-942F01
02-734
27-149F02
24-109F01
35-876
17-663
17-584F01
17-584F02
17-585F02
47-032
50-007
51-054

- o . G WY B BT W Gt W T G e (e S - G G Y G G S N e T N - — - ——— -~ T ——— " W} B W W G Y ——— —

02-842F02

06-267
06-268
16-942F02
27-149F02
24-109F01
17-664
17-665
17-584F01
17-584F02
17-585F02
51-054

— — — — — — — —— — — —— — —— — —— —— — — — — ——_ —— — —— — ——— V—— — a—— S——



— e . — —— — — — — ——— — —— T t— — — — ——— —— ——— — — — — — ——— —

TABLE 2-19 MSMB25F DISK SYSTEM 120V, 60Hz

| PRODUCT NO| | PART |
| (QUANTITY) | DESCRIPTION | NUMBER Il
| R R R SN S S T S S S S S S S SN S T N S S e S S N I s T S T T T S T T S T T T e
{ M60-180 | MSM825F 60Hz, 120V : 02-952 FO1 ]
| |
| 1 | IDC Installation/Maintenance Manual | 47-032 |
| 1 | Test Program | 06-267%* |
| 1 | IDC Formatter Program | 06-311 |
| 1 | IDC Programming Manual | 50-007 |
| 1 | Jumper 10G 30.0ft #10 Ring | 17-295 FO1 i
| 1 | Cable Shielded "A & B" 15ft | 17-685 FO1 |
| 1 | Disk 825MB Single Port DOM | 27-178 FO1 |
| 1 | Terminator - I/0 | 35-852 |
[ 1 | IDC High Speed | 35-932 |
| 1 | Disk 825MB | 51-143 |
I 1 | 825MB Disk Vendor's Manual | 51-145 |
| 1 | 825MB Disk Vendor's Manual | 51-146 |
I 1 | Kit Inst 825MB Disk | 66-117 |
________________________________________________________________ |
| M60-182 | Expansion Drive, 60Hz | 02-975 FO1 |
| | | |
I 1 | Jumper 10G 30.0ft #10 Ring | 17-295 FO1 |
| 1 | Cable Shielded "B" 15ft | 17-686 FO1 |
[ 1 | Cable Shielded "A" 8.3ft | 17-687 FO1 |
[ 1 | Disk 825MB Single Port DOM | 27-178 FO1 I
| 1 | Disk 825MB | 51-143 |
| 1 | Kit inst 825MB Disk | 66-117 |
| 1 | 825 MSM Expanded Module Dr. Vol 2 | 51-145 |
| 1 | 825 MSM Expand@d Module Dr. Vol 3 | 51-146 |

* Revision R04 or higher supports the MSM82SF.

2-20 47-032 R23



TABLE 2-20 MSM825F DISK SYSTEM 240V, 50Hz

| PRODUCT NO| | PART |
| (QUANTITY) | DESCRIPTION | NUMBER |
l N N N SN T SN S T T N T N N S T T R R S N T S N e N e N T SR e TR R EEETE T l
{ M60-181 | MSM825F 50Hz, 240V | 02-952 F02(*) |

l : |
| 1 | IDC Installation/Maintenance Manual | 47-032 I
I 1 | Test Program | 06-267 ** |
| 1 | IDC Formatter Program | 06-311 |
| 1 | IDC Programming Manual | 50-007 |
| 1 | Jumper 10G 30.0ft #10 Ring | 17-295 FO1 |
I 1 | Cable Shielded "A & B" 15ft | 17-685 FO1 I
| 1 | Disk 825MB Single Port DOM | 27-178 FO1 |
| 1 | Terminator 1I/O | 35-852 |
| 1 | IDC High Speed | 35-932 |
| 1 | Disk 825MB ] 51-143 |
| 1 | 825MB Disk Vendor's Manual | 51-145 |
| 1 | 825MB Disk Vendor's Manual | 51-146 |
| 1 | Kit Inst 825MB Disk | 66-117 |
e e e ikt b bt bl |
: M60-183 | Expansion Drive, 50Hz | 02-975 FO02 |

| I |
| 1 | Jumper 10G 30.0ft #10 Ring | 17-295 FOl1 |
| 1 | Cable Shielded "B" 15ft | 17-686 FO1 |
| 1 | Cable Shielded "A" 8.3ft | 17-687 FOl1 |
| 1 | Disk 825MB Single Int 240V | 27-178 F02(+) |
| 1 | Disk 825MB | 51-143 |
| 1 | Kit inst 825MB Disk | 66-117 |
| 1 | 825 MSM Expanded Module Dr. Vol 2 | 51-145 |
I 1 | 825 MSM Expanded Module Dr. Vol 3 | 51-146 |

— - —a G Gt = - S A8 A S e S G G S G WS T SN SN MM WY M G e SES G MY GRS TN W T S M W G G G Se G G e S S S S W e S S G A WS S e e

*  Functional variation F03 is a 220V, 50Hz version

** Revision R04 or higher supports the MSM825F.

+ Functional variation F03 uses a single port international
220V (27-178 FO03)

2.2.1 Additional Cabling Information

Table 2-21 is a summary of all the cables and straps associated
with the IDC disk systems. As listed in the table, those cables
and straps having a functional variation with the part number are
applicable to your particular system. For example, instead of
installing the 15ft A-cable numbered 17-521F0l1, you can select
the 8ft A-cable numbered 17-521F02.
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TABLE 2-21 STANDARD CABLING SUPPLIED WITH IDC DISK SYSTEMS

| PART |
| NO. |

|117-685
I

I
|17-685F01

I
|17-686

17-686F01

17-411F03

I
I
|
I
I
I
I
I
I
I
I
I
I
|
I
|
I
I
I
I
I
I
I
I
I
MO1 |

I

17-663 |
l

17-664 |
I

17-665 :

|17-295F01 |
|17-295F03 |
[17-295F04 |
|17-295F05 |

External A-Cable
and B-Cable

External A-Cable
and B-Cable
External B-Cable

External B-Cable

External A-Cable

External B-Cable

External A-Cable

External A-Cable

External A-Cable

External A-Cable
and B-Cable
External A-Cable

External B-Cable

Ground Strap
Ground Strap
Ground Strap
Ground Strap

Shielded, 9.14m (30ft), for first
drive of all removable media
systems.

Shielded, 4.57m (15ft), for first
drive of all MCCDD systems.
Shielded, 9.14m (30ft), for second
third, and fourth drives of all
removable media disk systems.
Shielded, 4.57m (15ft), for second
third, and fourth drives of all
MCCDD systems.

Shielded, 4.57m (15ft), for second
third and fourth drives of all
removable media disk systems.
Heavy duty, shielded, 4.57m
(15ft), for all drives of

fixed media 67MB systems.

Heavy duty, shielded, 4.57m
(15ft), for first drive of

fixed media 67MB systems.

Heavy duty, shielded, 2.44m
(8ft), for second, third and
fourth drives of fixed media 67MB
systems.

Heavy duty, shielded, 1.07m
(42in), for second, third and
fourth drives of MCCDD systems.
Shielded, 1.52m (5ft), for first
drive of CDD50 systems.

Shielded, 1.07m (3.5ft), for

all drives of CDD50 systems.
Shielded, 1.52m (5ft), for

all drives of CDD50 systems.
9.14m (30ft)

4.57m (15ft)

1.83m (6ft)

1.07m (42in)

2.3 UNPACKING INSTRUCTIONS

For instructions on how
see

system,

to

the supplied

vendor

unpack your IDC disk

These manuals are

particular
manuals.

listed in Table 1-1 and in the tables of Section 2.2.

2-22
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2.4 INSTALLING AN INTELLIGENT DISK CONLROLLER (IDC) DISK SYSTEM

Figure 2-1 is a general illustration of how to install a normal
IDC disk system. A normal IDC disk system is one which has the
IDC board plugged into the processor cabinet and employs the
normal selector channel (SELCH) protocol. IDC (35-807) revision
level 10 and above must have its backpanel pin 224-1 wired to its
SELCH backpanel pin 224-1. 1If the IDC board for your system is
installed with an input/output (I/0) bus switch, and consequently
employs the "new" high-speed SELCH protocol, then your system is
not normal. Its installation requires the additional information
presented in the M48-018 I/0 Bus Switch Manual and Control Panel
Installation Manual.

Along with the applicable vendor manuals listed in Table 1-1 and
the relevant tables in Section 2.2, Figure 2-1 should enable you
to install your particular IDC disk system. However, before
plugging in your IDC board and connecting the cables as shown in
the figure, you must set two address switches; see Section 2.4.1.
For optional IDC board strapping, see Section 2.4.2.

See Section 2.5 if one or more of your disk drives are to be
equipped with a dual-port option.

2.4.1 Setting the Address Switches on the Intelligent Disk
Control (IDC) Board

As seen from Figures 1-2 and 2-1, the IDC board has two address
switches in its upper-left corner:

1. Controller address switch (or device address switch)
2. File 0 address switch

Figures 2-2 and 2-3 present a close up view of these switches.
As shown in Figure 2-2, the controller address switch has eight
toggles, numbered 1 through 8, each with two possible settings:
0 or 1. Each toggle setting represents a bit in a l-byte
controller address, with toggle 1 being the most significant bit
(MSB) and toggle 8 being the least significant bit (LSB). You
must set the toggles to the address wanted for your IDC.

As shown in Figure 2-3, the file 0 address switch also has eight
toggles, numbered 1 through 8, each with two possible settings:
0 or 1. Toggles 1 through 6 represent six bits in a 1-byte
address for your disk file 0, with toggle 1 being the MSB. The
other two bits of the l-byte address are always considered as
zero. Toggles 7 and 8, which will be discussed shortly, are for
selecting the new high-speed SELCH protocol and for enabling or
disabling IDC formatting capability. They are not used for
addressing.
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032-3
. PLUGGED INTO 1/0O SLOT BELOW THE
SELCH OR CM BOARD OF PROCESSOR CABINET.

/\-/v/\
LT T I

ows (NOT USED) |
| o w2 N

FILE 0 ADDRESS SWITCH- | / §

NEW-PROTOCOL

PINS
CONTROLLER ADDRESS SWITCH /

IDC
PC-BOARD

NOQ

Y N
o L) [ 3
N ) \) ) POWER-SEQUENCING
O oV o o CONN 2 PINS
=& =
ATTACHED TO THE
PROCESSOR CABINET.
P N
B CABLES
SYSTEM
GROUND \

DISK FILE*

DISK FILE*

DISK FILE*

DISK FILE*

* Connector numbers depend on the disk files configured.

** Last disk drive must have a terminator, as shown with the
A-cable plug.

Figure 2-1 1Installation of an IDC Disk System
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8-BIT CONTROLLER ADDRESS

ms8 SET BY TOGGLE SWITCHES LS

032-4

/
0 SETTING

L[ addadaqd

OPEN

Figure 2-2 Controller Address Switch
NORMAL
032-5 : PROTOCOL

FORMAT
DISABLE

T [ f3943A9

NEW FORMAT
PROTOCOL ENABLE

8-BIT FILE 0 ADDRESS
SET BY TOGGLE SWITCHES 1-6

7

Figure 2-3 File 0 Address Switch

As an example for setting addresses on these switches, suppose
you have an IDC system consisting of one IDC board and four disk
files. You want the controller address to be X'FB' and the four
disk file addresses to be X'FC' through X'FF'. Before installing
the IDC board, you would set the controller address switch to the
binary value of '11111011' (for X'FB') and the file 0 address
switch to '11111100' (for X'FC'). Disk files 1 through 3 are
automatically addressed at X'FD', X'FE' and X'FF', respectively.
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Now, with the desired addresses set on the two switches, you have
the option of setting toggle 7 and/or toggle 8 in the file 0
address switch. If you want to employ the normal SELCH protocol,
you push toggle 7 up to the 0 setting. But if your IDC is
plugged into the 25ft cable of an I/O Bus Switch, you must push
toggle 7 down to the 1 setting, thereby employing the new
high-speed SELCH protocol. For additional information on the I/O
bus switch, see the M48-018 I/0O Bus Switch Manual and Control
Panel Installation Manual. (Also, as discussed in Section 2.4.2,
the new protocol pins W1 and W3 should be strapped when toggle 7
is at the 1 setting.) 1In summary, place toggle 7 in the 0
setting when your 1IDC board is plugged into the processor
cabinet; place toggle 7 in the 1 position when your IDC board is
plugged into the I/O bus switch.

Toggle 8 of the file 0 address switch is usually left in the 1
setting to enable 1IDC formatting. That is, if you want the
capability of formatting an unformatted disk according to IDC
format, leave toggle 8 down. The 1IDC Programming Manual
describes the IDC disk media format in detail. If, for some
reason, you want to disable the IDC formatting capability, push
toggle 8 up to the 0 position.

2.4.2 1Intelligent Disk Controller (IDC) Strapping Information

As shown in Figures 2-1 and 1-2, the IDC board has two sets of
pins:

l. Power sequencing (SEQ) pins 1 and 2
2. New protocol pins W1 through W3

Power sequencing refers to the serial application of power to the
disk files once the processor is turned on, where: after disk
file 0 is powered and comes up to speed, disk file 1 is powered
up; after disk file 1 comes up to speed, disk file 2 is powered
up; and so forth. When you want your disk files to power up
sequentially, do not place a Jjumper wire across the power
sequencing (SEQ) pins 1 and 2. Also ensure that the local/remote
switch on each attached disk file is in the remote position.
Subsequently, when the processor is turned off, the disk files
power down simultaneously. When pins 1 and 2 are strapped, or
when the local/remote switch on each attached disk file is in the
local position, the disk files can be simultaneously powered up,
in parallel, as opposed to serial. Occasionally, simultaneous
application of power to the disk files causes an excessive power
surge. To determine the advisability of power sequencing to
prevent this, see the AC power requirements presented in Section
2.6. The 50MB cartridge disk drive (CDD50), when configured with
the 1IDC, does not use power sequencing, even though it will be
passed along to any subsequent drives if enabled on the IDC.

2-26 47-032 R23



The new protocol pins W1, W2 and W3 apply to the use of the new
high-speed SELCH protocol for special applications. The HSIDC
board must be strapped for high-speed SELCH protocol with the
MSM825F disk drive. When your IDC is installed under an I/0 bus
switch, and when toggle 7 of the file 0 address switch is down in
the 1 setting, you must strap pins W1l and W3. Also, although not
recommended, pins Wl and W2 can alternately be strapped for
employing the high-speed protocol without the use of an I/O bus
switch. This is required when configuring the IDC in a processor
which uses the 35-864 CPU board. The MSM825F requires a Series
3200 SELCH. When the IDC board is strapped for high-speed SELCH
protocol, backpanel pins 124-1, 224-1 and 225-1 must be wired
between the slots containing the IDC and the SELCH.

NOTE

Regardless of the IDC strapping, normal
protocol or high-speed, the SELCH used
must be strapped for high-speed protocol
(see the appropriate SELCH reference
manual) and backpanel pin 224-1 of the
SELCH slot must be strapped to pin 224-1
of the IDC slot.

2.5 INSTALLING DUAL-PORT OPTIONS

Only the 67MB and 256MB removable media disk systems can be
equipped for dual-port operation. Hardware for the dual-port
option consists of four items:

1. IDC board

2. Dual-port kit

3. A-cable and B-cable
4. Disk-drive terminator

Sections 2.5.1 through 2.5.4 discuss the installation of these
items. :

2.5.1 1Intelligent Disk Controller (IDC) Board

The additional IDC board supplied with the dual-port option can
be plugged into the same processor cabinet with the other
controller, or it can be plugged into another processor cabinet.
To install the controller in the same cabinet, plug it into the
first available backpanel I/0 slot below the other controller
after removing the RACKO/TACKO wire from that backpanel. To
install the controller into another cabinet, plug it into the
first available I/0 slot immediately below the SELCH or channel
manager (CM) board.
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2.5.2 Dual-Port Kit

The dual-port kit consists of these components: driver/receiver

printed circuit (PC) boards add-on connectors for the disk file
and a dual-port steering card.

After installing the two PC boards and the add-on connectors to
the disk drive according to supplied instructions, install the
dual-port steering card. First, set three switches on this card
according to the operational requirements. Figure 2-4 and Table
2-22 describe and illustrate these switches and associated
indicator lights.

2.5.3 A-Cable and B-Cable

A- and B-cable connections depend on whether you are installing
just one dual-port option or more than one. Cable connections
for a single dual-port disk file are similar to those shown for
disk file 0 in Figure 2-1, with one exception: instead of
plugging the cables into the plugs labeled A and B in the figure,
plug them into the corresponding A and B add-on connectors. On
a second, third or fourth dual-ported drive, the A-cable connects
to a previously dual-ported drive. With the exception just
mentioned, Figure 2-1 also illustrates cable connections for a
completely dual-ported IDC disk system.

032-6

Figure 2-4 Switches and Indicators on Dual-Port Steering Card
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TABLE 2-22 SWITCHES AND INDICATORS ON DUAL-PORT STEERING CARD

ITCHES/INDICATORS

S1, Maintenance
Unit-Disable Switch
for Channel 1

52, Maintenance
Unit-Disable Switch
for Channel 2

S3, Release Timer

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
] Select Switch
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
|
|
|
|
|
|

Channel 1 Selected
Indicator

Channel 1 Reserved
Indicator

Channel 2 Selected
Indicator

Channel 2 Reserved
Indicator

FUNCTION

This switch has two positions:

normal (NORM) and disable (DSBL).

It lets you disable channel 1 in the
disk drive; i.e., it allows you to
disable all transmissions from the disk
drive to the controller connected to
channel 1.

For dual-port operation, S1 should be
set to the NORM position, along with S2.
During maintenance, S1 should be set to
the DSBL position, along with S2.

This switch has two positions

NORM and DSBL.

It lets you disable channel 2 in the
disk drive; i.e., it allows you to
disable all transmissions from the disk
drive to the controller connected to
channel 2.

For dual-port operation, S2 should be
set to the NORM position, along with Sl.
During maintenance, S2 should be set to
the DSBL position, along with Sl.

This switch has two positions: reserve
timer (RTM) and absolute reserve

(ABR). If you set S3 to RTM, the
controller at either channel has about

5 seconds to use the disk file after
selecting it. If the controller does
not use the file within 5 seconds, it
becomes available to the controller at
the other channel. 1If you set the
switch to ABR, the controller at either
channel has exclusive, uninterruptible
use of a disk file; i.e., the controller
continues uninterrupted use of that disk
file until it issues a release command.

Lights to indicate that the channel 1
controller has selected the drive in
RTM mode.

Lights to indicate that the channel 1
controller has reserved the drive in
ABR mode.

Lights to indicate that the channel 2
controller has selected the drive in
RTM mode.

Lights to indicate that the channel 2
controller has reserved the drive in
ABR mode.
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2.5.4 Disk-Drive Terminator
As with single-port disk drives, the last dual-port disk drive

attached to the IDC board must have a terminator plugged into the
add-on connector of its A-cable plug.

2.6 AC POWER REQUIREMENTS

Table 2-23 lists power requirements for the disk drives supported
by IDC.

TABLE 2-23 AC VOLTAGE AND CURRENT REQUIREMENTS FOR DISK FILES*

| | I
IDISK DRIVES| INPUT |-==-=r=mmmmmmmm e e e ————mmee I

| (PART NOS) | VOLTS | STARTING CURRENT | RUNNING CURRENT |

| 27081704 | 115V 1 308 For 15 seconds 1 5.9h marimem |

{ 27-081F05 { 3233 | 23A for 15 seconds I 4.6A maximum :

I 27-115F05 : iggg l 23A for 7 seconds : 4.7A maximum :

: 27-115F06 { gggg I 14A for 7 seconds : 2.7A maximum ;

{ 27-115F07 } iggé ; 23A for 7 seconds I 4.7A maximum :

| | 60Hz | | |

| 27-115F08 | 220V | 14A for 7 seconds | 2.7A maximum |

: 27-082F04 = iggé : 38A for 10 seconds { 8.6A maximum =

= 27-082F05 : gggg { 41A for 7 seconds I 9.2A maximum :

: 27-131F03 = iggz { 23A for 7 seconds } 5.0A maximum' :

{ 27-131F04 : gggg I 13A for 7 seconds : 2.7A maximum !

: 27-130F03 : iggé : 23A for 7 seconds } 5.0A maximum I

: 27-130F04 { ggg; : 13A for 7 seconds : 2.7A maximum :

l 27-129F03 { iggé { 23A for 7 seconds = 5.0A maximum I

: 27-129F04 I 2233 = 13A for 7 seconds : 2.7A maximum :

{ 27-148F01 : gggé = 20A for 10 seconds : 5.0A maximum :

l 27-148F02 = gggg { 12A for 10 seconds { 3.0A maximum I

= 27-149F01 : 3223 : 2.1A for 20 seconds : 1.2A maximum :

; 27-149F02 ; gggs { 1.0A’for 20 seconds : 0.8A maximum }

: 27-176F01+= iggg : 28A for 8 seconds l 4.2A maximum : |
: 27-178F02+= gggé : 16.5A for 8 seconds : 2.1A maximum : :
= 27-178F03+} ggg% = 15.0A for 8 seconds : 2.2A maximum % =
| | 50Hz | | o
* See Tables 2-1 through 2-20 in Section 2.2 for more informatio

for more information
on these disk files supported by IDC. .

+ Applies only to systems with HSIDC

2-30 47-032 R23



2.7 APPLICATION OF AC POWER

Depending on how you strap the SEQ pins 1 and 2 on the 1IDC
board, you can apply power to the disk drives either
simultaneously (in parallel) or sequentially (in serial).
Section 2.7.1 describes simultaneous application of power,
where the SEQ pins are strapped or the local/remote switch of
each disk file 1is in the 1local position. Section 2.7.2
describes sequential application of power, also referred to as
power sequencing, where the SEQ pins are not strapped and the
local/remote switch of each disk file is in the remote
position.

2.7.1 Simultaneous Application of Power

To apply power simultaneously to the disk files attached to
your controller(s), follow this procedure:

1. Ensure correctness of all AC power-input connections.

2. At the front of each disk file, depress the START/STOP
switch so it is unlit, 1i.e.; so it 1is in the STOP

position. (This step applies only to the removable-media
disk systems.)

3. At the rear of each disk file, set the AC input power
switch to the OFF position.

4. Apply primary AC power.

5. At disk file 0, the first drive in the IDC system, set the
AC input power switch to the ON position. (At this time,
a fixed media disk would start up.)

6. Depress the START/STOP switch so it is 1it, i.e.; so it is
in the START position. This disk file should now start
up; the disk media rotation should come up to speed. If
the disk file does not start up, make these additional
checks:

a. Ensure that the remote/local switch in the disk drive
is set to the local position.

b. Check AC input power.
c. Check fuses in the disk drive.
7. Repeat Steps 5 and 6  for remaining disk files.

Consequently, the IDC disk files simultaneously come up to
speed.
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2.7.2 Power Sequencing

To apply power serially to the disk files attached to your
controller(s), follow this procedure:

1.
2.

3'
4'

2.8

Once
the

Ensure correctness of all AC power input connections.

In each disk drive, set the remote/local switch to the
remote position.

Apply primary AC power.

At the rear of each disk file, ensure that the AC input
power switch is in the ON position.

At the front of each disk file, depress the START/STOP
switch to the START position. (This step applies only to
removable media disk files.)

Power up the processor in which the controller is
connected. The disk files now start up sequentially,
starting with disk file 0. .
INTELLIGENT DISK CONTROLLER (IDC) TESTING AND FORMATTING

your IDC system is installed and powered up, you can run
IDC Test Program to check for proper operation of your

system. Follow this procedure:

1.

2-32

Ensure you have an IDC formatted media on your disk drive.
If you do not, your disk must be formatted by loading and
running the IDC Format Program. This program and
appropriate instructions are supplied with your 1IDC disk
system.

Load and run the IDC Test Program. This program and

appropriate instructions are supplied with your IDC disk
system. '
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CAUTION

OPTIMUM PERFORMANCE OF AN IDC DISK
SYSTEM REQUIRES PROPERLY CERTIFIED DISK
MEDIA. TO MINIMIZE THE EFFECTS OF
LATENT DEFECTS, REMOVABLE DISK MEDIA
HAVE BEEN CAREFULLY SCREENED AND
CERTIFIED ON A CALIBRATED DISK DRIVE.
THIS CERTIFICATION ASSURES
TRANSPORTABILITY OF DISK MEDIA AND
MINIMIZES THE OCCURRENCE OF DATA
ERRORS.

THE 67MB MSM, 256MB MSM AND MEDIUM
CAPACITY CARTRIDGE DISK DRIVE (MCCDD)
DISK MEDIA (AVAILABLE ONLY FROM
PERKIN-ELMER) ARE RECOMMENDED FOR THE
HIGH-PERFORMANCE IDC DISK SYSTEMS.

COMPATIBLE DISK MEDIA MAY BE OBTAINED
FROM A VENDOR AND CERTIFIED WITH THE
IDC FORMAT PROGRAM, WITH ITS PARAMETERS
SET UP EXACTLY AS SPECIFIED WITH THE
SUPPLIED INSTRUCTIONS. HOWEVER, THE
USER IS CAUTIONED THAT THESE MEDIA MAY
RESULT IN REDUCED SYSTEM PERFORMANCE.
SPECIFICALLY, DATA MAY NOT BE
RECOVERABLE FROM THE MEDIA WHEN IT IS

TRANSPORTED BETWEEN DRIVES. SUCH
IRRECOVERABLE DATA COULD ALSO RESULT IN
AN OPERATING SYSTEM CRASH. IN

COMPARISON, A DISK DRIVE, DURING
CERTIFICATION, CAN FLAG CERTAIN MEDIA
DEFECTS THAT WOULD CAUSE A CRASH.
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CHAPTER 3
THEORY OF OPERATION

3.1 BLACKBOX OVERVIEW OF INTELLIGENT DISK CONTROLLER (IDC) BOARD

By understanding the flow of external input/output (I/0) signals
associated with the 1IDC board, you will gain a general idea of
what the IDC does. With this objective in mind, this section
treats the IDC as a blackbox circuit and presents an overview of
all the I/0 lines to and from the IDC connectors. Later sections
discuss the internal operation of the IDC.

Figure 2-1 illustrates the physical connections of an IDC board.
Figure 3-1 illustrates the I/0O lines associated with the physical
connectors, connector 1 (CONNl1l) through CONN6, of the IDC board.
The following sections briefly describe these I/O lines. Section
3.1.1 describes the lines from IDC CONNl to the selector channel
(SELCH) or channel manger (CM) board plugged into the processor.
Section 3.1.2 describes the A-cable lines between IDC connector
CONN2 and the attached disk files. Section 3.1.3 describes the
B-cable lines between IDC connectors CONN3 through CONN6 and the
attached disk files.

NOTE

References in this chapter to the SELCH also
apply to the CM.
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3.1.1 Input/output (I/0) Lines at Connector 1 (CONN1l)

The I/0 lines at CONNl are connected with the SELCH or CM Dboard
plugged into the same processor chassis with the IDC or installed
under an I/O0 bus switch (see Figure 3-1). These lines are
classified here into five functional groups:

1. 1Initialization lines

2. Data lines

3. Control lines

4. Protocol-related lines

5. Interrupt-related lines

The following Items, 1 through 5, describe the I/O 1lines within
these groups.

1. Initialization Lines

This group of lines initializes the IDC logic:

a. System Clear (SCLRO)

Input from the processor to initialize IDC logic during
a system power up, shutdown or initialization
operation.

b. Early Power Fail (EPF) (CLO70)

Input from the processor to warn the IDC of an imminent
power failure.

2. Data Lines

This group of 16 I/0 lines transfers data between the SELCH
and the IDC board:

a. Halfword Data Bits (D00:15)

SELCH or processor I/O consisting of a halfword or a
byte of data. With halfword 1I/0, data bits D00:15
transfer the data for a read/write operation or the
address for a disk cylinder or head. With byte I/0,
D08:15 transfer an IDC or disk file address, a
processor command, an IDC or disk file status, a sector
address or rotational position sensing (RPS) data.
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Control Lines

This group consists of these I/O lines:

Address (ADRSO0)

Input from the processor to inform the IDC that data
bits DO08:15 contain an IDC address or a disk file
address. The addressed device is to be selected for
subsequent I/0 operation.

Command (CMDO)

Input from the processor to inform the 1IDC that data
bits D08:15 contain a command for the selected device,
i.e.; the IDC or disk file.

Data Available (DAD)

Input from the SELCH or processor to inform the IDC that
a halfword of data is available on D00:15 for a write
operation to IDC.

Data Request (DRO)

Input from the SELCH or processor that requests IDC for
a halfword of data on D00:15 for a read operation from

IDC.
Status Request (SR0)

Input from the SELCH or the processor to request an IDC
status or disk file status byte from data bits D08:15.

Sync Return (SYNO)

IDC output signaling the SELCH or processor that the IDC

has properly accepted and responded to a received
control line signal.

Protocol-Related Lines

This group of 1lines relates to the protocol exchanges
between the SELCH and the IDC board:

a.

Employ I/O Bus Switch (BUSSWO)

IDC output informing the SELCH that the IDC employs the
new high-speed SELCH protocol with an I/0 bus switch.
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b. Set New Sequence (SNSO)

IDC output informing the SELCH that the IDC wuses new
high-speed SELCH protocol without an I/O bus switch.

c. Status Check (SCHKO)

IDC output informing the SELCH of a bad IDC status.
This output applies only when the IDC uses the
high-speed SELCH protocol.

d. SELCH Busy (SBSYO0)

Input from the SELCH to inform IDC that the SELCH is
currently busy with a blockdata transfer.

e. Halfword Mode (HWO)
IDC output informing the SELCH that this controller
(IDC) is a halfword-oriented device.
5. Interrupt-Related Lines

This group of lines relates to an interrupt request from the
IDC board:

a. Attention (ATNO)

IDC output requesting a processor interrupt, placing the
IDC into an interrupt pending state.

b. Receive Acknowledge (RACKO)

Input from the processor to acknowledge an interrupt
from an IDC; (see Item a). If the IDC has no interrupt
pending, it passes the RACKO signal out as a TACKO
signal to the next IDC board stacked in the processor.

c. Transmit Acknowledge (TACKO)
IDC output consisting of a RACKO signal received by an
IDC having no interrupt pending.
3.1.2 Input/output (I/0) Lines at Connector 2 (CONN2)
The I/0 lines at CONN2 are through the A-cable to the attached

disk files (see Figure 3-1). These lines are classified here
into four functional groups:

1. Select lines
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2.
3.
4.

Command/address lines
Operational status lines

Fault status lines

The following Items, numbered 1 through 4, describe the I/O lines
within these groups.

1-

Select Lines

This group of lines is involved with the selection of a disk
file:

Unit Select Tag (USTAG)

IDC output informing the attached disk files that the
two unit select lines (USELO and USELl, described below)

are supplying a binary-coded number, 0-3, to select a
disk file.

Unit Select Lines (USELO, USELl)
IDC output consisting of a binary-coded number, 0

through 3, to select a particular disk file for I/O with
the IDC.

Command/Address Lines

This group of lines supplies command and address data as
control input to a selected disk file:

Data Bus Bits (B00:09)

IDC output consisting of control or address data, e.q.;
a driver command, a cylinder address or a head address.
The contents of these lines depends on the three tags
discussed in Items b, ¢ and d below.

Control Tag (CT)

IDC output indicating that B00:09 are supplying a driver
command.

Select-Cylinder Tag (SCT)

IDC output indicating that B00:09 are supplying a
cylinder address.
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d.

Select-Head Tag (éHT)

IDC output indicating that B00:09 are supplying
head-select or volume-select data.

3. Operational Status Lines

This group of lines supplies various operational status of
a disk file: :

ae.

Unit Ready (UNRDYL)

Disk file output signaling IDC that the selected disk
file is ready for I/0 with the IDC.

Dual-Port Busy (BUSY)

Disk file output applicable only to dual-port operation
of a disk file. It informs IDC that the disk file is
currently selected by another IDC.

On-Cylinder Detection (ONCYL)

Disk file output that signals the IDC once the heads of

the selected disk file are positioned over an addressed
cylinder.

Write Protect (WTPT)

Disk file output informing IDC that the write protect
button on the disk file is depressed, i.e.; that the
disk file is in the write protect mode.

Power Sequencing (HOLD/PICK)

IDC output of a ground signal that picks and holds power
sequencing for the attached disk files in the remote
mode. (This signal is present when the processor is on
and IDC SEQ pins 1 and 2 are not strapped.)

4, Fault Status Lines

This group of lines supplies various fault status of a disk
file.

a.

Fault (FAULT)

Disk file output informing IDC of a fault condition at
a disk file.

Seek Error (SKER)

Disk file output informing IDC of a seek error at a disk
file.
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c. Open Cable Detection (OBCAD)

Disk file output informing IDC of an open cable or a
loss of power. This signal prevents IDC from outputting
select or control data to the disk file.

3.1.3 Input/Output (I/0) Lines at Connector 3 (CONN3)
Through Connector 6 (CONN6)

The I/0 lines on any one of these connectors CONN3, CONN4, CONN5
or CONN6 are through a B-cable to a disk file (see Figure 3-1).
These lines are classified here into three functional groups:

1. Control lines

2. Write-related lines

3. Read~-related lines

The following Items, numbered 1 through 3, describe the I/O lines
within these groups.

1. Control Lines

This group of lines passes various control signals to IDC in
order to coordinate the transfer of read/write data. The
pound (#) symbol with each mnemonic denotes one of four
numbers, 0-3, for one of the four possible disk files.

a. Unit Selected Tag (USEL#)

Disk file output signaling IDC that the disk file is now
acquired, i.e.; selected, by the IDC.

b. Index (INX#)

Disk file output consisting of a pulse for every disk
revolution. This pulse serves as an index for disk
sector 0.

c. Sector (SECT#)

Disk file output consisting of a pulse to mark the
beginning of each physical sector of an IDC-formatted
disk. (See the IDC Programming Manual for a description
of a physical sector.)

d. Seek End (SKED#)

Disk file output signaling the end of a seek operation,
either successful or unsuccessful.
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Write-Related Lines

This group of lines relates to write operations from the IDC
to a disk file.

a. Servo Clock (SCLK#)

Disk file output used by the IDC as input for the WCLK#
signal; see Item b below.

b. Write Clock (WCLK#)

IDC output that synchronizes data written to the disk
file.

c. Write Data (WDAT#)

IDC output consisting of data written to the disk file.

Read-Related Lines

This group of lines relates to read operations from the disk
file to the IDC:

a. Read Clock (RCLK#)

Disk file output that synchronizes data read from the
disk file.

b. Read Data (RDAT#)
Disk file output consisting of data read from the disk

file.

INPUT/OUTPUT (I/0) LINES OF THE INTELLIGENT DISK CONTROLLER
(IDC) BOARD

This section presents detailed descriptions of the same external
I/0 1lines discussed in Section 3.1. Figure 3-2 shows the
connectors of the IDC board and serves as a reference to other
figures that illustrate the I/O lines attached to the connector

pins.

Sections 3.2.1 through 3.2.3 describe these I/0 lines.

NOTE

References in these descriptions to the
SELCH also apply to the CM.

47-032 R23 3-9



0T-¢

€09 TE0-LY

032-8

~N
o SEE FIGURE 34 g
g > NOT USED o

(&
IDC o
PC-BOARD 2
o
- - Q
@ <<
n3 2
20 5
mg SEE FIGURE35 (¢ O

X
=0 lZ ) SEEFIGURE33 z
IE (o] %)
CJ‘l;’J © ©
4O =2
W z
(&)
1.8

o0

A-CABLE TO DISK FILE O

B-CABLE TO DISK FILE 3

B-CABLE TO DISK FILE 2

B-CABLE TO DISK FILE 1

B-CABLE TO DISK FILE 0

_j

Figure 3-2 Connectors on IDC Board



032-9

(NOT USED)
(NOT USED) 2001
, [ ]
[ ] ]
[ ] [ ]
(NOT USED) 110-1
{NOT USED) 210-1
D00 1111
>l 2111
<455 1121
>-lE 2121
> 1131
4>y 2131
4P 55 1141
DATA BITS 4_..,'. D07 214-1
D08 1151
<7 2151
4‘.’0010 1161
-l 2161
<42 117-1
513 217-1
4> 5i; 1181
L
D15 2181
STATUS REQUEST 4P, 1191
ADDRESS » ADRSO 219-1
DATA REQUEST +—pR0 1201
COMMAND : TMDO 2201
EARLY POWER FAIL §con 1211
DATA AVAILABLE B DA 2211
RECEIVE ACKNOWLEDGE RACKO 1221
TRANSMIT ACKNOWLEDGE »>—acKo 2221
SYNC RETURN <4——vnp 1231
ATTENTION : ATNO 2231
SET NEW SEQUENCE SNSO 124-1
SELECTOR CHANNEL BUSY p  SBSYO 224.1
[NOT USED) 1251
STATUS CHECK SCHKO 225.1
SYSTEM CLEAR : SCLRO 1261
HALFWORD MODE <" 2261
NOT USED 1271
NOT USED 2271
NOT USED 1281
NOT USED 228-1
NOT USED 1291
EMPLOY 1/0 BUS SWITCH ¢ BUSSWO 2291
NOT US_EDF 130-1
NOT USED) 2301
[ [ )
[ ] [ )
[ ] [ I
(NOT USED) .
(NOT USED) 2411

Figure 3-3

47-032 R23

IDC
PC-BOARD

NOTES

o CONN 1 1S AN 82-PIN
CONNECTOR.

o CONN 1 PLUGS INTO THE
PROCESSOR CABINET MAKING
CONNECTION WITH THE
SELECTOR CHANNEL BUS.

IDC CONNl Connections

to SELCH/MUX Bus



032-10

CONN 2
IDC : g;; :> SELECT-CYLINDER TAG
PC-BOARD 5 3.‘3 :} SELECT-HEAD TAG
02-
ﬁ-! o =—_> CONTROL TAG
203-. BOOY
1% T
_lok %:; => 801
—206- BO2Y
106- B02Z :}- 802
208- BO3Y
106 B03Z b BO3
207 BOMY
107- BO4Z :> Bos
% BOGY os DATA BUS BITS
NOTES % ﬁs = —

3

& CONN 2 1S A 80-PIN CONNECTOR.

o ALL CONN-2 LINES CONNECT VIA
THE A-CABLE TO THE DISK FILES,
CONNECTING FIRST TO DISK FILE 0.

8082 B08
3132 BODY
122 8092 :> 809
b k) OBCADY
M OPEN CABLE DETECT
2 FAULTA
L2 FAULTE D FAULT
_ZE _SKERA_
1162 SKERB :} SEEK ERROR
X

ON-CYLINDER DETECT

ﬁ

- (NOT USED)
17 _(NOT USED!
218- INRDY
s UNRDYLB UNIT READY
218- (NOT USED)
79- (NOT USED)
20 BUSYA

DUAL-PORT BUSY

BUSYB : -3
2212 Y
1212 USTAGZ => UNIT SELECT TAG
222-2 USELOY
222 "USEL0Z t> USELO
2232
123-2 USEL1Z = >  yUSEL1
2247 NOT USED

UNIT SELECT BITS

17 NOT USED
iy NOT USED
%2 NOT USED
—E2 NOT USED
N2 N SED
Y- WIPTA
127, WIPTR < waite pROTECT
228- HOLD
128- PICK _—> POWER SEQUENCE HOLD/PICK
T282 B1OY
B2 B10Z _=> B10(SPARE)

Figure 3-4 IDC CONN2 Connections with A-Cable to Disk Files
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IDC
PC-BOARD

NOTES

o CONN N REPRESENTS ONE OF 'i'HE FOUR IDC
CONNECTORS, 3 THROUGH 6.

o THE # SYMBOL IN THE LINE MNEMONIC
REPRESENTS ONE OF THE DISK FILE NUMBERS,
0 THROUGH 3.

© CONNECTOR-TO-FILE CORRESPONDENCES ARE:

CONN6 — DISK FILEO
CONNS — DISKFILE1
CONN4 — DISKFILE2
CONN3 — DISKFILE3

o CONN 3 THROUGH 6 ARE 26-PIN CONNECTORS,
ATTACHED TO THE DISK FILES VIA B CABLES.

Figure 3-5 IDC CONN3, CONN4, CONN5 and CONNG6

I\/ CONN N

200-N SCLK # A
100-N GROUND
201-N GROUND SERVO CLOCK
101-N SCLK # B
202N RDAT#A o
102N RDAT+B g == READ DATA
203N
103-N
204N READ CLOCK
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105-N WCLK # B = — WRITE CLOCK
206N WDAT # A
106-N GROUND
207-N__ GROUND WRITE DATA
107-N_ WDAT+B g
208-N USEL # B
__108-: us:u. * A : —== UNIT SELECTED TAG

209- SKED # A
100N SKED # B : = SEEKEND
210N INX # A <

: GROUND

GROUND INDEX
- INX # B
- SECT # A >
SECT # 8 SECTOR
Connections

with B-Cables to Disk Files
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3.2.

1 1Intelligent Disk Controller (IDC) Connector 1 (CONN1l) Pin

Figure 3-3 illustrates and identifies all of the CONN1 pins from

the

IDC board to the SELCH bus. The following signals, presented

alphabetically according to pin mnemonics, describe the inputs

and

a.

3-14

outputs associated with these pins.

ADRSO (Address)

Input from the processor to IDC pin 219-1. When active, this
signal informs the IDC that data bits D08 through D15 contain
the address of an IDC or a disk file. This address selects
a particular device for a subsequent operation, e.g.; a
read/write or a status request. ADRSO must result in device
selection before any one of these signals, described below,
can have effect: CMDO, DAO, DRO and SRO.

ATNO (Attention)

Output from IDC pin 223-1 to the processor. When active,
this signal indicates that the IDC needs to interrupt the
processor. The IDC sends this signal after completing an
operation, and consequently has an interrupt pending.

BUSSW0 (Employ I/O Bus Switch)

Output from IDC pin 229-1. When active, this signal informs

the SELCH that this 1IDC supports the new high-speed SELCH
protocol and employs an I/0 bus switch.

NOTE

This signal can be active only if these
conditions are met: new-protocol pins Wl
and W3 are strapped; toggle 7 of the file
0 address switch is pushed down to the 1
setting; and the IDC is installed under
an I/0 bus switch.

CL070 (EPF)

Input from the processor to IDC pin 121-1. When active,

this signal serves as a warning that a power failure is
imminent.

CMD0O (Command)

Input from the processor to IDC pin 220-1. When active,
this signal informs the IDC that data bits D08 through D15
contain a command for the selected IDC or disk file. The
IDC Programming Manual discusses these commands.
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f. DAO (Data Available)

Input from the processor or SELCH to IDC pin 221-1. When
active, this signal informs the IDC of a write operation to
the selected IDC or disk file. Data 1is available on 1IDC
bits D00 through D15.

g. DRO (Data Request)

Input from the processor or SELCH to IDC pin 120-1. When
active, this signal informs the IDC of a read operation from
the selected IDC or disk file to the processor. A halfword
of data is read from IDC bits D00 through D15.

h. D00 through D15 (Data Bits 0 through 15)

I/0 data on IDC pins 111-1 through 118-1 and 211-1 through
218-1. For halfword 1I/O, bits D00 through D15 hold
read/write data; these bits can also hold a cylinder or head
address as input from the processor. For byte I/O, bits D08
through D15 can hold one of the following: processor
command, IDC address, IDC status, disk file address, disk
file status, sector address and RPS data.

i. HWO (Halfword Mode)

Output from IDC pin 226-1 to the SELCH. When active, this

signal informs the SELCH that this IDC is a
halfword-oriented device.

j. RACKO (Receive Acknowledge)

Input from the processor to IDC pin 122-1. When active,
this input indicates an interrupt acknowledgment from the
processor. Whenever an IDC sends an ATNO signal, thereby
requesting a processor interrupt, that IDC then has an
interrupt pending. The RACKO input acknowledges this
interrupt request. If a RACKO is received at an IDC having
no interrupt pending, that IDC passes this RACKO as a TACKO
(see its description) to the next IDC in the processor
cabinet. That IDC then receives the TACKO as a RACKO.

In summary, the RACKO is a daisy-chained interrupt
acknowledgment from the processor to an IDC with an
interrupt pending.

k. SBSY0 (SELCH Busy)

Input from the SELCH to IDC pin 224-1. When active, this

signal indicates that a block data transfer to or from the
SELCH is in progress.
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3-16

SCHKO (Status Check)

Output from IDC pin 225-1 to the SELCH. When active, this
signal indicates the occurrence of a bad IDC status:
EXAMINE, CONTROLLER IDLE or DATA ERROR. For information on
this status, see the 1IDC Programming Manual. This is
applicable only to the high-speed SELCH protocol.

SCLRO (System Clear)

Input from the processor to IDC pin 126-1. When active,
this signal causes the initialization of IDC logic. It is
active during system power up, shutdown and initialization.

SNSO (Set New Sequence)

Output from IDC pin 124-1 to the SELCH. When active, this
signal informs the SELCH that this IDC supports the new
high-speed SELCH protocol without an I/O bus switch.

NOTE

This signal can be active only if these
conditions are met: the IDC is installed
under an I/O bus switch; new protocol pins Wl
and W2 are strapped; and toggle 7 of the file
0 address switch is pushed down to the 1
setting. Employing the high-speed protocol by
strapping W1 and W2, however, 1is not a
recommended procedure. Standard procedure is
to strap W1 and W3 and to employ an I/O bus
switch; see Item c above.

SRO (Status Request)

Input signal from the processor or SELCH to IDC pin 119-1.
When active, this signal requests the current status of the
IDC or an attached disk file. The requested status is
passed as one byte of data, bits D08 through D15. The IDC
Programming Manual discusses these statuses.

SYNO (Sync Return)

Output from IDC pin 123-1 to the processor or SELCH. When
active, this signal informs the processor or SELCH that this
IDC has properly accepted and responded to a control line
signal.
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g. TACKO (Transmit Acknowledge)

Output from IDC pin 222-1 to the next controller plugged
into the I/0 slot. This output, consisting of a received
RACKO, indicates that this IDC did not have an interrupt
pending. See the description above for the RACKO input.

3.2.2 1Intelligent Disk Controller (IDC) Connector 2 (CONN2) Pins

Figure 3-4 illustrates and identifies all of the CONN2 pins and
A-cable lines from the IDC board to the disk files. The
following items, presented alphabetically according to the line
mnemonics, describe the inputs and outputs associated with the
A-cable lines.

a. BO0Y (differential data bus bit-0 +) and
B00Z (differential data bus bit-0 -)
B09Y (differential data bus bit-9 +) and
B09Z (differential data bus bit-9 -)

Ten output lines, subsequently referred to as BOO through
B09, from 1IDC pins 203-2 and 103-2 (for B00) through pins
212-2 and 112-2 (for B09) to the disk files. These
multipurpose bus 1lines supply control and address data to
the attached disk files. The actual content of B0O0O through
B09 depends on one of three tags:

1. CTY/CTZ (differential control tag +/-)

2. SCTY/SCTZ (differential select-cylinder tag +/-)

3. SHTY/SHTZ (differential select-head tag +/-)

As shown in Table 3-1, B00 through B09 can supply a control
function, a cylinder address or a head address depending on

which of the three tags is active. For further information
on bus line contents, see the subsequent tag descriptions.
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TABLE 3-1 BUS LINE CONTENTS CORRESPONDING TO ACTIVE OUTPUT TAG

BUS | CONTROL* | CYLINDER** | HEAD***
LINE | FUNCTION | ADDRESS | ADDRESS
BO0O | Write Gate | 1 | 1

B0l | Read Gate | 2 | 2

B02 | Servo Offset + | 4 | 4

B03 | Servo Offset - | 8 | 8

B04 | Fault Clear | 16 | 16
BO5 | (Not Applicable) | 32 | N/A
B06 | Return to Zero (RTZ) | 64 | N/A
B07 | Data Strobe Early | 128 | N/A
B08 | Data Strobe Late | 256 | N/A
B09 | Release (Dual-Port Operation) | 512 | N/A

* Applies when CTY/CTZ tag is active.
** Applies when SCTY/SCTZ tag is active.
*** Applies when SHTY/SHTZ tag is active.

b. Bl0Y (differential data bus bit-10 +) and
B10Z (differential data bus bit-10 =)

This is a spare differential data bus line.

c. BUSYA (differential dual-port busy +) and
BUSYB (differential dual-port busy -)

Input from a disk file to IDC pins 220-2 and 120-
applicable only to dual-port operation of a particular disk
the

file. When active, this line indicates to the IDC that
selected disk file has been acquired by another IDC.

d. CTY (differential control tag +) and
CTZ (differential control tag -)

Output from IDC pins 202-1 and 102-2 to the disk files.
When active, this input tag informs the disk files that bus
lines B00 through B09 are supplying a binary-coded control
function (i.e.; a disk driver command). Table 3-2 lists and
the

describes the control functions corresponding to
settings of these ten bus lines.
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TABLE 3-2 CONTROL FUNCTIONS ACTIVATED BY CONTROL TAG CTY/CTZ

| BUS* | CONTROL | |

| LINE | FUNCTION | ' DESCRIPTION |
| BOO | Write | Informs the selected disk drive (selected |
| | Gate | by USELO and USELl on the A-cable) that the |
| | | IDC will write data over the write |
| | | data line of the B-cable to the current |
: = = location of the disk medium. |

|
| BO1 | Read | Informs the selected disk drive that the |
| | Gate | IDC will read data over the read |
| | | data line of the B-cable from the current ]
| | | location of the disk medium. ]
| | | I
| BO2 | Servo | Offsets the head of the selected disk file |
| | Offset + | in a positive direction, i.e.; towards the |
| { | spindle of the disk drive. |
| I |
| BO3 | Servo | Offsets the head of the selected disk file |
| | Offset - | in a negative direction, i.e.; away from |
| | | spindle. |
| | | |
| BO4 | Fault | Clears the fault condition that resulted |
| | Clear | from a DC power failure, a simultaneously |
| | | active read gate and write gate, or a |
| | | selection of a nonexistent head. (See the |
| | | description for the FAULTA/FAULTB line.) |
| | | |
| BO5 | =====- | Not applicable. Must equal zero. I
| | | [
| BO6 | Return | Restores the selected disk file to |
| | to Zero | cylinder 000. |
| | | |
| BO7 | Data | Causes the disk file to advance the read |
| | Strobe | clock in order to retrieve marginal data. |
R :
| BO8 | Data | Causes the disk file to retard the read |
| | Strobe | clock in order to retrieve marginal data. |
e |
| BO9 | Release | Releases a dual-port operational disk file |
| [ | |

so another processor can access it.
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* These ten 1lines are read as a binary number with B0OO
representing 2 to the 0 power, BOl representing 2 to the first
power, B02 representing 2 to the second power, and so forth.
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FAULTA (differential fault +) and
FAULTB (differential fault -)

Input from a disk file to IDC pins 214-2 and 114-2. When

active, this 1line indicates a fault condition at a disk
file.

HOLD/PICK (power sequence hold/pick)

A power sequencing ground provided by IDC 1logic from pins
228-2 and 128-2 to attached disk files. If SEQ pins 1 and
2 are not strapped and if attached disk files have their
local/remote switch in the remote position, the IDC logic
switches a ground onto these 1lines to permit power
sequencing once the processor is turned on. When the
processor is turned off, IDC logic removes the ground to
power-down disk files. Essentially, these lines pick and
hold the power sequencing capability.

OBCADY (differential open cable detection +) and
OBCADZ (differential open cable detection -)

Output from IDC pins 213-2 and 113-2 to a disk file. When
active, this line indicates an open A-cable or a loss of IDC

power. While this condition exists, no selection or control
data will be sent from the IDC.

ONCYLA (differential on-cylinder detection +) and
ONCYLB (differential on--cylinder detection -)

Input status from a disk file to IDC pins 216-2 and 116-2.
When active, this line signals the IDC that the heads of the
selected disk file are positioned, i.e.; in response to a
Seek instruction, they are positioned over a selected track.
The on-cylinder status clears with another Seek instruction,
and again becomes active once the heads are positioned. A
carriage offset results in the 1loss of the on-cylinder
status for 2.75ms (nominal), i.e.; about 2.75ms are required
to move the head to a +/- offset.

SCTY (differential select-cylinder tag +) and
SCTZ (differential select-cylinder tag -)

Output from IDC pins 200-2 and 100-2 to the disk files.
When active, this output tag informs the disk file that the
ten bus lines, B00 through B09, are supplying a binary-coded
cylinder address. BOO represents 2 to the 0 power, BOl
represents 2 to the first power, etc.

SHTY (differential select-head tag) and
SHTZ (differential select-head tagq)

Output from IDC pins 201l-2 and 101-2 to the disk files.
When active, this output tag informs the disk file that B0O
through B09 are supplying head-select or volume-select data.
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For a mass storage media (MSM) file, bus lines BO0O through
B04 supply head-select data, where B00 represents 2 to the
0 power, BOl represents 2 to the first power, etc. See
Table 3-1 for further illustration.

For a medium capacity cartridge disk drive (MCCDD) bit-B04
represents a volume select bit; BO0O through B03 are
nonapplicable. B04, which represents 2 to the fourth power,
supplies part of the data for a volume-select address: when
reset, it denotes a removable disk; when set, it denotes a
fixed disk. The remainder of the volume-select address is
supplied by another input, a cylinder address, on B0O
through B09. This input is associated with the
select-cylinder tag SCTY/SCTZ. In summary, supplying a
volume-select address to an MCCDD requires two tag
sequences:

1. An active SHTY/SHTZ tag with bus line B04 set or reset.

2. An active SCTY/SCTZ tag with bus lines B00 through BO09
containing a valid cylinder address. (The worst-case
switching delay is 4ms.)

k. SKERA (differential seek error +) and
SKERB (differential seek error =)

Input from a disk file to IDC pins 215-2 and 115-2. When
active, this 1line indicates that a seek error occured at a

disk file. A seek error refers to one of these three
conditions:

1. The disk drive could not move the head within a
specified time interval.

2. The disk drive moved the head to a position outside the
recording area of the disk.

3. The disk drive received an illegal track address.

A seek error can be cleared only by an RTZ control function.

1. UNRDYLA (differential unit ready +) and
UNDRYLB (differential unit ready =)

Input from a disk file to IDC pins 218-2 and 118-2. When
active, this 1line indicates that the selected disk file is
up-to-speed, that the heads are positioned over the
recording tracks, and that no fault condition exists within
the disk file.
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m. USELOY (differential unit select 0 +),
USEL0Z (differential unit select 0 -),
USEL1Y (differential unit select 1 +), and
USEL1Z (differential unit select 1 -)

Two output lines, subsequently referred to as USEL0O and
USELl, from IDC pins 222-2 and 122-2 (for USELO) and pins
223-2 and 123-2 (for USELl). These binary-coded 1lines
supply a number, 0 through 3, of the disk file to be
selected. USELO represents 2 to the 0 power; USEL1
represents 2 to the first power.

n. USTAGY (differential unit select tag +) and
USTAGZ (differential unit select tag -)

Output from IDC pins 221-2 and 121-2 to the disk files.
When active, this output tag informs the disk files that the
two unit-select 1lines, USELO and USELl, are supplying a
binary-coded number, as mentioned above.

o. WTPTA (differential write protect +) and
WTPTB (differential write protect -)

Input from a disk file to IDC pins 227-2 and 127-2. When
active, this line indicates that the particular disk file is
in write-protected mode: a write-protect button on the disk
file has been depressed.

3.2.3. Intelligent Disk Controller (IDC) Connector 3 (CONN3)
Through Connector 6 (CONN6) Pins

Figure 3-5 illustrates and identifies all of the pins and B-cable
lines from these IDC connectors: CONN3, CONN4, CONN5 and CONN6.
The following Items, presented alphabetically according to line
mnemonics, describe the inputs and output associated with the
lines. These descriptions, which apply to all four connectors,
use the letter N to represent the connector numbers (3, 4, 5 or
6) and the pound (#) symbol to represent the disk file number (O,
1, 2 or 3).

a. INX#A (differential index +) and
INX#B (differential index -)

Input from disk file # to IDC pins 210-N and 11l1-N. This
line receives a pulse for every disk revolution. The
leading edge of the pulse is treated as the leading edge of
sector 0. Pulse width is typically 2.5ms.

b. RCLK#A (differential read clock +) and
RCLK#B (differential read block -)

Input from disk file # to IDC pins 203-N and 104-N. The IDC

uses this input to clock-in, or synchronize, data read from
disk file #.
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c. RDAT#A (differential read data +) and
RDAT#B (differential read data -)

Input from disk file # to IDC pins 202-N and 102-N. This
line carries read data from disk file #. Read data is in
NonReturn to zero (MRZ) form.

d. SCLK#A (differential servo clock +) and
SCLK#B (differential servo clock -)

Input from disk file # to controller pins 200-N and 10l1-N.
The IDC uses this input as the write «clock; see
WCLK#A/WCLK#B below.

e. SECT#A (differential sector +) and
SECT4#B (differential sector -)

Input from disk file # to IDC pins 212-N and 112-N. This
input pulse marks the beginning of each physical sector of
the IDC-formatted disk. (There are 33 physical sectors per
disk revolution.)

f. SKED#A (differential seek end +) and
SKED#B (differential seek end -)

Input from disk file # to IDC pins 209-N and 109-N. This
input 1line is a combination of the on-cylinder detect line
(ONCYLA/ONCYLB) and the seek error 1line (SKERA/SKERB).
These two lines connect through the A-cable to IDC CONN2.
It indicates to the IDC that a seek operation has ended,
either successfully or unsuccessfully.

g. USEL#A (differential unit selected tag +) and
USEL#B (differential unit selected tag -)

Input from disk file # to IDC pins 108-N and 208-N. It
indicates that the attached disk file is now acquired by the
IDC, i.e.; the disk has been selected.

h. WCLK#A (differential write clock +) and
WCLK#B (differential write clock =)

Output from IDC pins 205-N and 105-N to disk file #. The
IDC uses this output to <clock-out, or synchronize, data
written to the disk file.

i. WDAT#A (differential write data +) and
WDAT#B (differential write data -)

Output from IDC pins 206-N and 107-N to disk file #. This

line carries write data to be recorded on the disk. Written
data is in NRZ form.

47-032 R23 3-23



3-24

032-12

DISK FILE

INTERFACE -

Figure 3-6 Block Diagram of the IDC Logic

P T T T T R T T T e T T T T S —— —— MICROPROCESSOR CONTROLLER LOGIC
¢ e e
‘ . CONTROLLER DO@8:i5 FILE l . ] BDEG:7 ‘
! n | gRATARE 07 e 15 o1 “ooRess  (3) ADORESS (4)‘ ' CT*"S—S—‘J GENERAL (lal ' - .
f,ﬂ Deo: a7 nATR . - COMPARF *nmﬂc O ™ ::;G—s - o
T u—geR — At | : _____.!~ DAY ; 8
K-CYR'S 7 Do SELECT l ——{ SELEC l l [_— (8)‘, * L (9) (2)
¢ SONTSYNC l l_ < F"-ESYNCl ] <Seoes:ts | (1 oke2297| pata maP
M7 ) emmeee TeRoRRBTSSERS
(1 L uoses (2) Jeeee | ] cnsen o ggno | [T T L - s e >
DOS:S plp  DATA DATADS : 15 C A8 15 | Eooese 8D 1/0 CTL REGISTERS ~ * (81 8007 +—— v ol L
- DO8:I5
z}—D08:15y, |
DATA®S:I5
"—-——
! ¢CIL'S(47) l 0015 l cono (6)
(8) | MUXI3,23 (2) l 00315 (16) 4) (,;:Jr;o,
2E;:: INIT. EXTCLR -CONT I 'IOE(;S:T
:5; RECVR. I (lel BDI0G@:5(6) COND. MUX_CTL (4) (7)
x “FILE | cms CONTROL “*RAM CTL BRA:9(10) MUX
g (6) — LATCHES NV,
& RAMJ:7(8) akarkonzy [ szg:3ia
] SBSYQ SELCHBZ l -
& > (9) runcrion | RSEL (1) [ T
E SCHKO 3200 ENCODING T (8) -
2 SNS@ PROTOCOL | (3200PTCL(2) creuits  [FUncez @), ) (3) PIPELINE REGISTER (48)
= L
I
(83 1 '
o s o 16 |6 L ense (20) (19)
wl AoRso (7) ADRS | RI° A Il @ ERROR ERROR ] (58
CTL" CORRECTION
s RACK® | RAcke | —§——’, C%mﬁ;g" CODE —»(8) 8) (2) conTRoL sToRE
4 SRO___» conTrOL 3R (8) le—CTLS (2) | o GENERATION | ¢ (12) Jof V! PROMS
~ .CMD: LINE oc. _ : J vl ™
" bRo RECVR'S bR CoNTRoL J . RAM. CTL REG 2 BANKS 512 X 56 -
oA oA LATCHES - WDATA RSROG — .
. ‘ . . . cTL (| PAG: 8, SPA9 (10}
T | by @1 (22) (i ~
v ) . RAM CTL. | ,
CTL's RARALLEL - [WSR SERIAL M )
( 10) I TO TO ux MICROPROGRAM D 4——-‘ BRAG7
 couene . o se, PR | flg) T
SYNC  pg—FILESYNC (mn SELCHSYN i
— CIRCUITRY | REGSYN DMA OR — | 4 a2 28 w 2(] O] (13)
DLYSYNC INT SYNC 8 ) —-, ¢ RAMO:7 (8)
TACK® 3 QURACK | | <58 ram g K LATCH RAM CTR @)
(l 2ACK RACKQ — IK X8
ATNG ATN SATNG G eI AP wEES oEe  eE —— e e - eEn e oEr eEr oud o= e G ] CTL"‘—‘ ('q
HWO SEL %IDLE-
HW D — l (n SELECT AND SKEND LATCHES, SERIAL WRITE DATA — (8) LAT RAM CTR
13) ' AND CLOCK MUXS, SERIAL READ DATA AND CLOCK (8) i CH DMA
d | DEMUXS. | (3)
ud- - eam o am o o» S o s o l 4 cg{,‘s ——ﬁCTL PR l
LILs ) - (8)—> 8007
SE LCH/ MUX I l & ) 2 ¢ 2 ¢ ) REGS /LATCHES T
BU S I m 0 W 0 FoLs oBcap |
INTERFACE @%@y l@} |@) fof @pepe o
"B"CABLE "B"CABLE "8" CABLE “B" CABLE PWR SEQ. A" CABLE I
| oVR's RCVRs|  |oves DvR's RCvRs|  |ovms rovas DRVR'S DVRS RCVR'S i GEcxégcx
NERATION
: ® @ sy k2 () le) Ps) 2) I kz) s o |
CONN 6 CONN 5 CONN 4 CONN 3 CONN 2 |
L AN e o —— -_— LI -— -— -— - - - - -— - -— -— J

47-032 R23



3.3 BLOCK DIAGRAM ANALYSIS OF INTELLIGENT DISK CONTROLLER (IDC)

Figure 3-6 is a block diagram of the IDC 1logic circuitry. As
shown, this block diagram has three logical sections:

1. SELCH/MUX bus interface
2. Disk file interface
3. Microprocessor controller logic

Section 3.3.1 describes the constituent blocks for the SELCH/MUX
bus interface; Section 3.3.2, the disk file interface; and
Section 3.3.3, the microprocessor controller logic.

3.3.1 SELCH/MUX Bus Interface

This portion of the IDC board serves as the interface to the
SELCH/MUX bus. It consists of thirteen functional blocks:

1. Data Transceivers

2. Data Multiplexer for Bits 08:15

3. Controller Address Compare-and-Select Circuitry
4, File Address Compare-and-Select Circuitry
5. Initialization Receiver

6. 3200-Protocol Circuitry

7. Control Line Receivers

8. Control Line Latches

9. Function Encoding Circuits

10. Synchronization Circuitry

11. DMA and Interrupt Sync Circuits

12. Acknowledgment and Attention Circuitry
13. Halfword-Mode Circuitry

The following Items describe these functional blocks and their
associated I/0 lines.

1. Data Transceivers
Transmit data to or receive data from the SELCH/MUX bus.
I/0 lines are:

a. EBLOUT (driver control), input

Signal for settlng the transceiver mode to transmit or
receive.

b. D00:15 (data bits D00 through D15), I/O

Data to or from the SELCH/MUX bus. See Section 3.2.1
for a more complete description.
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DATA00:07 (data bits 00 through 07), input

More significant byte of Direct Memory Access (DMA)
data to be transmitted to the SELCH.

MD08:15 (multiplexed data bits 08 through 15), input

One of four multiplexed data sources to be sent to the
SELCH or processor.

D00:07 (receive data bits 00 through 07), output

More significant byte of data received from the
SELCH/MUX bus, i.e.; from the processor or SELCH.

D08:15 (receive data bits 08 through 15), output

Less significant byte of data received from the
SELCH/MUX bus, i.e.; from the processor or SELCH.

Data Multiplexer for Bits 08:15

Selects one of four data sources as MD08:15 input to the
data transceivers. I/0 lines are:

al

MUX13,23 (multiplexer control bits), input

Binary value for selecting one of the following four
data-source inputs.

GPD08:15 (general-purpose data), input

General purpose control data like status, RPS, etc.; to
be sent as MD08:15 input to the data transceivers.

CA08:15 (controller-address bits 08 through 15), input

IDC address (of this controller) to be sent as MD08:15
input to the data transceivers.

FA08:15 (file-address bits 08 through 15), input

File address (of a disk file attached to this
controller) to be sent as MD08:15 input to the data
transceivers.

DATAO08:15 (data bits 08 through 15), input

Less significant byte of DMA data to be transmitted, via
the data transceivers, to the SELCH.

MD08:15 (multiplexed data bits 08 through 15), output

One of four multiplexed data sources to be sent to the
SELCH or processor.
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3. Controller Address Compare-and-Select Circuitry

Detects when this IDC is addressed by the processor. More
specifically, this circuitry compares a received controller
address with the address of this IDC; if the two addresses
match, then this IDC is selected for I/O with the processor
via the SELCH/MUX bus. (The IDC address is determined by
the setting of the controller address switch on the IDC
board, discussed in Section 2.4.1.) 1I/0 lines are:

a. D08:15 (receive data bits 08 through 15), input
Controller address received from the processor.

b. D06:07 (receive data bits 06 and 07), input

Controller address bits appended to D08:15 for a full
10-bit address selection. These two bits must equal
zero for address comparison to occur.

c. =CONT (equals controller), output

Signal for indicating that the received controller
address matches the address of this IDC.

d. CONTSYNC (controller sync return), output

A sync signal indicating that the 1IDC has properly
accepted and responded to control line signals.

e. CA08:15 (controller-address bits 08 through 15), output

IDC address (of this controller) to be sent to the
processor, along with the sync signal SYNO.

4, File Address Compare-and-Select Circuitry

Detects when an attached disk file 1is addressed by the
processor. More specifically, this circuitry compares a
received disk file address with the addresses of the disk
files attached to this IDC; if there is a match, then the
addressed disk file is selected for I/0 with the processor
via the SELCH/MUX bus. (Disk file addresses are determined
by the setting of the file 0 address switch on the 1IDC
board, discussed in Section 2.4.1.) I/O lines are:

a. D08:15 (receive data bits 08 through 15), input

Disk file address received from the processor.
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=FILE (equals file), output

Signal for indicating that the received file address
matches the address of a disk file at this IDC.

FILESYNC (file sync return), output

A sync signal indicating that an attached disk file has
properly accepted and responded to control line signals.

FAO8:15 (file address bits 08 through 15), output

File address (of the selected disk file) to be sent to
the processor, along with the sync signal SYNO.

Initialization Receiver

Initializes IDC logic to permit controller comunication with
the Series-3200 Processor, or to prepare the IDC 1logic for
an imminent power failure. 1I/0 lines are:

a.

SCLRO (system clear), input

Signal from the processor for initializing IDC
circuitry. See Section 3.2.1 for more information.

CLO70 (early power fail), input

Signal from the processor as a warning that a power
failure is about to occur. See Section 3.2.1.

EXTCLR (external clear), output

Signal for initializing the IDC logic.

3200-Protocol Circuitry

Enables the IDC to employ the new high-speed SELCH protocol.
This protocol applies only when the New Protocol pins Wl and
W3 or W1 and W2 are strapped. I/0 lines are:

SBSY0 (SELCH busy), input

Signal for indicating that the SELCH is currently busy
with a block-data transfer. See Section 3.2.1 for
further description.

SELCHBZ (SELCH busy), output

Same description as above with SBSYO.
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c. 3200 PTCL (3200 protocol), input

Data indicating the occurrence of a bad 1IDC status,
namely: S13, EXAMINE; S14, CONTROLLER IDLE; or S15,
DATA ERROR. The indicated status results from bits 13,
14 and 15 of a status register within the Random Access
Memory (RAM) circuitry. See the IDC Programming Manual
for further description. (Physically, 3200 PTCL
represents two lines: STCHK and CTLOPTC. See Appendix
A for further description.)

d. SCHKO (status check), output

Output to SELCH to indicate a bad IDC status associated
with the high-speed SELCH protocol. See Item c above.
See Section 3.2.1 for more information.

e. SNSO (set new sequence), output

Signal for indicating that the controller is set-up for
the optional new high-speed SELCH protocol. This signal
results when toggle 7 of the file 0 address switch is
pushed down to the 1 setting, and when the New Protocol
pins W1 and W2 are strapped. See Sections 2.4.1 and
2.4.2 for detailed information.

7. Control Line Receivers

Receive control signals from the SELCH/MUX bus. I/0 1lines
are:

a. ADRSO (address), input

Signal indicating that D08:15 (input lines to the data
transceivers) contain the address of an IDC or disk
file. This signal must result in device selection at
the IDC before any one of these signals, described
below, can have effect: SR0O, CMDO, DRO and DAO. See
Section 3.2.1 for more information.

b. ADRS (address), output
Same description as above with ADRSO.

c. RACKO (receive acknowledgment), input
Signal acknowledging that the processor received an ATNO
from an IDC with an interrupt pending, possibly this
one. In effect, RACKO acknowledges an interrupt request

signaled by the ATNO signal. See Section 3.2.1 for a
more complete description.
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d. RACKO (receive acknowledgment), output
Same description as above. 1If the IDC does not have an
interrupt pending, RACKO is passed as TACKO output to
the next IDC in the I/0 slot of the processor cabinet.
See Item 12 below for further description.

e. SRO (status request), input

Signal for requesting the status of a selected 1IDC or
disk file. See Section 3.2.1 for further description.

f. SR (status request), output
Same description as above with SRO.

g. CMDO (command), input
Signal indicating that input 1lines DO08:15 contain a
command for this selected 1IDC or for a selected disk
file. See Section 3.2.1 for further description.

h. OC (output command), output
Same description as above with CMDO.

i. DRO (data request), input

Signal indicating a read operation from output 1lines
D00:15. See Section 3.2.1 for further description.

j. DR (data request), output
Same description as above with DRO.

k. DAO (data available), input
Signal indicating a write operation from the processor
to input 1lines D00:15. See Section 3.2.1 for further
description.

l. DA (data available), output

Same description as above with DAO.

8. Control Line Latches

Temporarily store (i.e.; latch) control inputs for later use
by the IDC microprocessor logic. I/O lines are:

a. CTL'S (control lines), input

Binary coded control lines to enable or disable latching
of the four control inputs SR, OC, DR and DA.
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b. SR (status request), input

Control input resulting from a received SRO signal.
c. LSR (latched status request), output

Latch signal corresponding to the above SR input.
d. OC (output command), input

Control input resulting from a received CMDO signal.
e. LOC (latched output command), output

Latch signal corresponding to the above OC input.
f. DR (data request), input

Control input resulting from a received DRO signal.
g. LDR (latched data request), output

Latch signal corresponding to the above DR input.
h. DA (data available), input

Control input resulting from a received DAO signal.
i. LDA (latched data available), output

Latch signal corresponding‘to the above DA input.

9. Function Encoding Circuits
Encodes the latched control lines (LSR, LOC, LDR and LDA)
into a 3-bit code for a selected IDC or disk file. 1I/0
lines are:

a. LSR (latched status request), input

Latch signal corresponding to the SR0O input from the
SELCH/MUX bus.

b. LOC (latched output command), input

Latch signal corresponding to the CMDO input from the
SELCH/MUX bus.

c. LDR (latched data request), input

Latch signal corresponding to the DRO input from the
SELCH/MUX bus.

47-032 R23 3-31



10.

LDA (latched data available), input

Latch signal corresponding to the DAO0 input from the
SELCH/MUX bus.

FUNCO0:2 (function code), output

Binary coded signal representing one of eight possible
functions. This output goes onto the microprocessor
bus, BD0:7, when RSEL is also active. See Appendix A
for further description.

RSEL (register select), output

Signal indicating that the encoded FUNCO:2 bits are now
active.

CTL'S (control lines), input
Control lines to gate the FUNCO:2 bits onto BDO:7.
=CONT (equals controller), input

Signal for indicating that the FUNC0:2 bits apply to
this selected IDC.

=FILE (equals file), input

Signal for indicating that the FUNC0:2 bits apply to a
selected disk file.

Synchronization Circuitry

Receives synchronization signals from the IDC 1logic and
ouputs a synchronization signal to the processor or SELCH.
I/0 lines are:

CONTSYNC (controller sync return), input

Sync signal indicating that this IDC has properly
accepted and responded to a control line signal.

FILESYNC (file sync return), input

Sync signal indicating that a selected disk file
attached to this IDC has properly accepted and responded
to a control line signal.

REGSYN (register sync), input
Sync signal indicating that the IDC received one of the

four control functions SR0O, CMD0O, DRO or DAQ0. See Item
7 above for more information.
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d. DLYSYNC (delayed sync retufn), input

Either the DMA sync signal to the SELCH (resulting from
SELCHSYN) or the interrupt-acknowledgment sync signal
(resulting from OURACKO) to the processor. See Item 11
below for further description.

e. SYNO (sync return), output
Sync signal informing the processor or SELCH that this
IDC or an attached disk file has properly accepted and

responded to control line signals. See the
corresponding description in Section 3.2.1.

11. DMA and Interrupt Sync Circuits

Outputs a delayed sync signal resulting from either SELCHSYN
or OURACKO. I/O lines are:

a. SELCHSYN (SELCH sync return), input
Sync return in response to a DMA transfer with the
SELCH. (Physically, SELCHSYN represents two 1lines:
DMASR and XFRSYNCH. See Appendix A for further
description.)

b. OURACKO (our RACKO), input

Signal indicating that a RACKO signal was received by
this IDC, which had an interrupt pending.

c. DLYSYNC (delayed sync return), output
A DMA sync signal (resulting from SELCHSYN) to the SELCH

or an interrupt-acknowledgment sync signal (resulting
from OURACKO) to the processor.

12. Acknowledgment and Attention Circuitry
Handles controller interrupt requests (ATNO) and interrupt
acknowledgments (RACKO/TACKO). 1I/O lines are:
a. RACKO (receive acknowledge), input
Signal (resulting from a received RACKO) acknowledging

that the processor received an interrupt request (ATNO
signal) from a controller.
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b. OURACKO (our RACKO), output

Signal indicating that the received RACKO signal was for
this IDC, which had an interrupt pending. If this IDC

had no interrupt pending, output would be TACKO instead
of OURACKO.

c. TACKO (transmit acknowledge), output

Signal, consisting of a received RACKO, passed onto the
next controller in the processor cabinet. See Section
3.2.1 for further description.

d. SATNO (set attention), input
Signal for activating ATNO output.

e. ATNO (attention), output

Signal indicating that this IDC wants to interrupt the
processor, i.e.; that this IDC has an interrupt pending.
See Section 3.2.1 for further description.

Halfword-Mode Circuitry

Informs the SELCH that this controller is in the

halfword-mode of operation via lines D00 through D15. 1I/0
lines are:

a. SEL*IDLE- (selected and not idle), input

Signal indicating that this IDC is selected and is not
idle. It activates the HWO output. (Physically,
SEL*IDLE- represents two lines: CONTSEL and IDLE. See
Appendix A for further description.)

b. HWO (halfword-mode), output

Signal informing the SELCH that this IDC is a
halfword-oriented device. See Section 3.2.1 for more
information.

3.3.2 Disk File Interface

This portion of the IDC board serves as the interface to the disk
files. It consists of five functional blocks:

1.

3-34

Select and Seek-End (SKEND) Latches,
serial-write-data and clock multiplexers (MUXs), and
serial-read-data and clock demultiplexers (DEMUXs)
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2.
3.
4.
5.

B-cable drivers/receivers
Control and status registers/latches

A-cable drivers/receivers

Power sequencing drivers

The following Items describe these functional blocks and their
associated I/O lines.

1.

Select and Seek-End (SKEND) Latches,
Serial-write-data and clock multiplexers (MUXs), and
Serial-read-data and clock demultiplexers (DEMUXs)

These circuits serve as the interface between the 8-bit
microprocessor bus, BD0:7, and the B-cable circuitry to the
disk drives. Select latches are available for selecting one
of four possible disk drives attached to the IDC; SKEND
latches are available for signaling a seek end from the
drives. MUXs transmit serial write data and clock signals to
the disk drives. And in the other direction, DEMUXs receive
serial read data and clock signals from the disk drives.
Associated with these MUX and DEMUX operations are write
clocks, write data registers, and read clocks. I/0 lines
are:

a. WDATA (serial write data), input

Serial data, along with error correction code (ECC), to
be written to a disk file.

b. SDATA (serial read data), output
Serial data, along with ECC, read from a disk file.
c. BD0:7 (bus data lines 0 through 7), I/O

Various data and control bytes.

NOTE
BD0:7 is the 8-bit microprocessor bus of
the IDC -- the main data path among the the
functional blocks, or modules, of the IDC.

d. Driver Lines (not labeled), Output

Serial write data and clock signals to the B-cable
drivers.
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e. Receiver Lines (not labeled), Input

Serial read data and clock signals from the B-cable
receivers.

B-Cable Drivers/Receivers

B-cable drivers receive serial write data and clock signals
from the MUXs and transfer them to the disk files. B-cable
receivers receive serial data and clock signals from the disk
files and transfer them to the DEMUXs. For detailed
descriptions of all I/0 lines connected to the
drivers/receivers via these four connectors, CONN3 through
CONN6, see Sections 3.1.3 and 3.2.3.

Control and Status Registers/Latches
Latch data and controls associated with the A-cable. I/0
lines are:

a. BDO0:7 (bus data lines 0 through 7), 1/0

Various data and controls to and from the registers and
latches.

b. CTL'S (control lines), input

Control signals to latch or enable data and controls for
BDO:7.

c¢. Driver/Receiver Lines (not labeled), I/O

See Item 4 below.

A-Cable Drivers/Receivers

By means of registers and latches, A-cable drivers receive
various data and controls from BD0:7 and transfer them to the
disk files. A-cable receivers receive data and controls from
the disk files and transfer them to BD0:7 by means of
registers and latches. For detailed descriptions of all 1I/0
lines connected to the A-cable drivers/receivers via CONN2,
see Sections 3.1.2 and 3.2.2.
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5. Power Sequencing Drivers

Control the power sequencing grounds, PICK and HOLD, and the
open cable detect signal. I/O lines are:

a. PICK,HOLD (power sequence pick/hold), I/O

Signals for enabling or disabling power sequencing. Both
of these signals are active (ground) when IDC SEQ pins 1
and 2 are not strapped and when the processor is turned
on. For more details, see Section 3.2.2.

b. OBCAD (open cable detect), I/0

Signal for indicating an open A-cable or 1loss of IDC
power. See Section 3.2.2 for more details.

3.3.3 Microprocessor Controller Logic

This portion of the IDC board interprets and acts on the
Series-3200 Processor commands (e.g.; seek, read, write and
format), causing the disk drives to perform specific operations
or data transfers. It also controls the IDC interface circuitry
between the SELCH/MUX bus and the disk files. Microprocessor
control logic consists of twenty-two functional blocks:

1. Two 4-bit slice microprocessors

2. Control-store programmable read only memory (PROM) banks
3. Pipeline register

4. Microprogram sequencer

5. Map PROM

6. Condition code MUX

7. MUX inverter

8. Data latch

9. Map latch

10. Random access memory (RAM)

11. RAM control MUX

12. RAM control register

13. RAM-address counter for disk file transfer, and latch
14. RAM-address counter for DMA transfer, and latch
15. General-purpose data registers

16. DMA data registers

17. DMA control and bus data (BD) I/O control

18. Control latches

19. Error correction code (ECC) generation

20. Error correction control

21. Parallel-to-serial conversion

22. Serial-to-parallel conversion

The following Items describe these functional blocks and their
associated I/0 lines.
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Two 4-Bit Slice Microprocessors

Serve as the 8-bit arithmetic logic unit (ALU) of the 1IDC.
This ALU includes sixteen 8-bit ALU registers: each
register consists of two 4-bit slices, with two address
ports labeled A and B. Chapter 4 presents a more thorough
description of this functional block. I/0 lines are:

a. BDO:7 (bus data lines 0 through 7), I/0

Various data and controls to and from the microprocessor
controller logic.

b. LBD0:7 (latched bus data Bits 0 through 7), input

Latched data (i.e.; temporarily stored data) from BDO:7.
This data is used by the ALU as input.

€. A (A-register address bits), input

A 4-bit binary-coded value for selecting one of the
sixteen ALU registers as the A-register. (Physically,
A represents four lines: A0 through A3. See Appendix
A for further description.)

d. B (B-register address bits), input

A 4-bit binary-coded value for selecting one of the
sixteen ALU registers as the B-register. (Physically,
B represents four lines: B0 through B3. See Appendix
A for further description.)

e. I (ALU instruction bits), input

A 9-bit binary coded field for ALU instruction input.
The first 3-bit value of this field yields the source of
the ALU input data. The second 3-bit value gives a
specific ALU instruction, arithmetic or 1logical. The
third 3-bit value yields the destination for the
resulting ALU output data. (Physically, I represents
nine lines: I0 through I8. See Appendix A for further
description.)

f. CONT (control), input

Two control bits: one for enabling output onto BDO:7,
and one for arithmetic carry-in. (Physically, CONT
represents two lines: CIN and POE. See Appendix A for
further description.)
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g. COND CODE (condition code), output

A 4-bit condition code associated with ALU instruction
execution: overflow, sign bit, carry and zero result.
(Physically, COND CODE represents four lines: OFLOW,
SIGN, CARRY7 and F=0. See Appendix A for further
description.)

2. Control Store PROM Banks

Consist of PROM for storing the IDC microcode, the internal
IDC program which controls the microprocessor circuitry to
provide controller operations. PROM is organized into 1024
(two banks of 512) 56-bit words. Throughout the following
descriptions, these 56-bit words are referred to as
microinstructions or microcode. I/0O lines are:

a. PA0:8, SPA9 (program address lines 0 through 9), input

A 10-bit address from the microprogram sequencer for
selecting one of the 1024 microcode locations.

b. 56 Lines (not labeled), output
A 56-bit word containing microcode as output to the
pipeline register.
3. Pipeline Register
Provides pipeline storage of the next sequential
microinstruction. I/0 lines are:
a. 56 Lines (not labeled), input

A 56-bit word, from control store PROM, containing the
next sequential microinstruction.

b. RAM0:7 (RAM address bits), output
An 8-bit address of a RAM location.

c. RAM CTL (RAM control), output
Lines for controlling RAM enable, read and write.
(Physically, RAM CTL represents five lines: MWE, MCE,

AE/OE, PZ and CNT. See Appendix A for further
description.)
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BDIOO0:5 (bus data I/O control), output

A 6-bit code for controlling the source and destination
of BD0:7 data and for controlling IDC operations like
latching and ECC-register shifting. See Appendix A for
further description of these controls.

A (A-register address bits), output

A 4-bit binary-coded value for selecting one of the
sixteen ALU registers as the A-register. (Physically,
A represents four lines: A0 through A3. See Appendix
A for further description.)

B (B-register address bits), output

A 4-bit binary coded value for selecting one of the
sixteen ALU registers as the B-register. (Physically,
B represents four lines: BO through B3. See Appendix
A for further description.)

I (ALU instruction bits), output

A 9-bit binary coded field for ALU instruction input.
The first 3-bit value of this field yields the source of
the ALU input data. The second 3-bit value gives a
specific ALU instruction, arithmetic or 1logical. The
third 3-bit value yields the destination for the
resulting ALU output data. (Physically, I represents
nine 1lines: I0 through 18. See Appendix A for further
description.)

CONT (control), output

Two control bits: one for enabling output onto BDO:7,
and one for arithmetic carry-in. (Physically, CONT
represents two lines: CIN and POE. See Appendix A for
further description.)

COND MUX CTL (condition code MUX control), output

Four bits three of which select one of eight conditions
to be output by the condition code MUX. The fourth bit
controls the MUX inverter. (Physically, COND MUX CTL
represents four lines: MA, MB, MC and MI. For further
description see Appendix A.)

BRAO:9 (branch address bits), output
A 10-bit address serving as a possible microprogram

branch address or as a count value for the microprogram
sequencer.
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k. ©8I0:3 (sequencer instruction bits), output

A hexadecimal value .for one of sixteen sequencer
instructions. See Appendix A for further description.

4, Microprogram Sequencer

Calculates the next address within control store PROM. It
performs any one of sixteen next address calculations,
including sequential, branch conditional and return
conditional. 1I/0 lines are:

a. SI0:3 (sequencer instruction bits), input

A hexadecimal value for one of sixteen sequencer
instructions. See Appendix A for further description.

b. BRA0:9 (branch address bits), input

A 10-bit microprogram branch address or count value from
the pipeline register.

c. BRAO:7 (branch address), input

An alternate 8-bit microprogram branch address or count
value from the map PROM.

d. CC (condition code), input

A pass or fail condition code for one of eight possible
conditions determined by MA:MC. See Appendix A. The
microprogram sequencer uses CC for a next address
calculation, e.g.; a. conditional branch or conditional
return.

e. DPA0:8, SPA9 (program address lines 0 through 9), output

A 10-bit address for selecting one of the 1024 microcode
locations in control store PROM.

5. Map PROM

Contains constant data used by the microcode program, and
contains addresses of routines within control-store PROM.
Map PROM is organized into 512 8-bit locations: 256 bytes
for the routine addresses and 256 bytes for the constant
data. During power-up, the second set of 256 bytes
(containing the constant data) is copied into RAM.
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Later, the first set of 256 bytes (containing a table of
routine addresses) is used for vectoring to a particular
microcode routine: on receiving an instruction from the
processor, e.g.; read, write or format track, the IDC logic
references this table, gets the address of the microroutine
for executing that instruction, and vectors to the routine.
I/0 lines are:

a. LBD0:7 (latched bus data bits 0 through 7), input

Latched BD0:7 data which will result in the map PROM
outputting either constant data or a microroutine
address.

b. BRA0:7 (branch address), output

Either a constant value or a microroutine address. If
BRAO:7 contain a constant, it goes to the map latch. If
BRAO:7 contain a microroutine address, it goes to the
microprogram sequencer.

Condition Code MUX

Provides the CC input to the microprogram sequencer. 1/0
lines are:

a. COND CODE (condition code), input

A 4-bit condition code associated with an ALU
instruction execution: overflow, sign bit, carry and
zero result. (Physically, COND CODE represents four
lines: OFLOW, SIGN, CARRY7 and F=0. See Appendix A for
further description.)

b. COND MUX CTL (condition code MUX control), input

Three bits for selecting one of eight conditions to be
output by the condition code MUX. The selected
condition is output as the CC to the microprogram
sequencer. (Here, COND MUX CTL represents three lines:
MA, MB and MC. See Appendix A for further description.)

c. CC (condition code), output

Selected condition code sent to the microprogram
sequencer, via the MUX inverter.
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7. MUX Inverter

Passes the selected condition code to the microprogram

sequencer, with or without inversion according to the

received MI bit. I/0O lines are:

a. MI (MUX inverter bit), input
The fourth bit of the COND MUX CTL output from the
pipeline register. If the MI bit is set, the CC output
is inverted; otherwise, the CC is passed as received
from the condition code MUX.

b. CC (condition code), I/O
As input, CC is the selection of one of eight possible
condition codes from the condition code MUX. As output,
CC is in either true or complement form according to the
MI input.

8. Data Latch

Latches BD0:7 data for input to either the ALU (the two

4-bit slice microprocessors) or the map PROM. I/O lines

are:

a. BDO:7 (bus data lines 0 through 7), input
Various microprocessor bus data.

b. LBD0:7 (latch bus data bits 0 through 7), output

Data as input to the ALU or the map PROM.

9. Map Latch
Latches data constants output from the Map PROM and outputs
this data onto BD0:7. I/0O lines are:
a. BRAO:7 (constant data), input

Data constants from the map PROM. (At power-up, the map
PROM must write data constants to the RAM.)

b. BD0:7 (bus data lines 0 through 7), output

Data constants written to the RAM.
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11.
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Random Access Memory (RAM)

Stores data constants and buffers read/write data. RAM
consists of 1024 8-bit 1locations. It is equally divided
into four pages: Page 0, consisting of 256 bytes, holds
tabularized data constants from the map PROM. Pages 1, 2
and 3 buffer data read from and written to one of the disk
files; each of these pages holds one logical sector (256
bytes) for the IDC-formatted disk media. I/O lines are:

a. BDO0:7 (bus data lines 0 through 7), I/0

Data bytes to and from various functional blocks
throughout the microprocesssor control logic.

b. RAMO:7 (RAM address bits), input
An 8-bit address within a page of RAM memory. One of
the two RAM-address counters generate this address; see
Items 13 and 14 below.

c. RAMO:7 (RAM address bits), input
An 8-bit address within a page of RAM memory. Control
store PROM generates this address in order to read a
data constant.

d. A8, A9 (RAM page address lines), input
Two binary bits for selecting one of four pages in RAM.
(Physically, A8 and A9 represent two lines: PAGEl3 and
PAGE23. See Appendix A for further description.)

e. R/W (read/write enable), input
Signal for selecting a RAM read operation or a RAM write
operation over BD0O:7. (Physically, R/W represents one
line: WENB. See Appendix A for further description.)

f. CENB (chip enable), input

Signal for enabling RAM output onto BDO:7.

RAM Control MUX

Controls the multiplexing of I/O operations at the RAM.
(See Item 10 above for a description of RAM organization.)
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The RAM control MUX multiplexes simultaneous read operations
at the RAM, as follows: During a read operation from a disk
file, RAM first reads a logical sector from the disk file
into page 1. 1If this operation is a multisector read, RAM
also reads another logical sector into page 2. Once page 1
is filled with a logical sector, and the ECC circuitry
validates the ECC, DMA transfer to the SELCH/MUX bus begins.
This transfer occurs simultaneously with the filling of page
2, as directed by the RAM control MUX. The filling of pages
2 and 3, and pages 3 and 1, proceed in the same manner.

Likewise, the RAM Control MUX multiplexes simultaneous write
operations at the RAM, as follows: During a write operation
to a disk file, RAM first writes a logical sector from the
SELCH/MUX bus into page 1. Once page 1 is filled with a
logical sector, data transfer to the selected disk file may
begin. While this transfer is in progress, page 2 is filled
with an additional sector of DMA data from the SELCH/MUX
bus. The filling of pages 2 and 3, and pages 3 and 1,
proceed in the same manner.

In summary, the RAM control MUX directs the multiplexing of
RAM operations for DMA and disk file I/O. This multiplexing
ensures that these operations are performed simultaneously
at their required speeds. I/O lines are:

a. RAM CTL (RAM control), input

Control information required for multiplexing the DMA
and disk file I/0. (Physically, RAM CTL represents five
lines: MWE, MCE, AE/OE, PZ and CNT. See Appendix A for
further description.)

b. A8, A9 (RAM page address lines), output
Two binary bits for selecting one of the three buffering
pages: page 1, 2 or 3. (Physically, A8 and A9
represent two lines: PAGEl13 and PAGE23. See Appendix
A for further description.)

¢c. R/W (read/write enable), output
Signal for selecting a RAM read or RAM write operation
over BDO:7. (Physically, R/W represents one line:
WENB. See Appendix A for further description.)

d. CENB (chip enable), output
Signal for enabling RAM output onto BDO0:7.

12. RAM Control Register

Holds information necessary for generating the RAM page
number, read/write control, and chip enable as described
above in Item 11. I/O lines are:
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a. BD0:7 (bus data lines 0 through 7), input

Input data related to the page number and control
signals needed for 1/0 multiplexing at the RAM.

b. RAM CTL (RAM control), output
Control information required for multiplexing the DMA
and disk file I/O. (Physically, RAM CTL represents five
lines: MWE, MCE, AE/OE, PZ and CNT. See Appendix A for
further description.)
RAM-Address Counter for Disk File Transfer, and Latch
Specifies the address of a RAM location written to or read
from a disk file. The associated latch controls the counter
output to the RAMO:7 lines.
a. BDO:7 (bus data lines 0 through 7), input

Value for determining the RAM page location from which
data transfer shall occur.

b.2 RAMO:7 (RAM address bits), output

RAM memory location for the disk file transfer.

RAM-Address Counter for DMA Transfer, and Latch

Specifies the address of the RAM location written to or read
from the SELCH/MUX bus. The DMA transfer is always 256
bytes, i.e.; 128 halfwords. The associated latch controls
the counter output to the RAM0:7 lines.

a. CTL (control line), input

Signal for initializing the counter, which then counts
up to 255 for the transfer of 256 bytes.

b. RAMO:7 (RAM address bits), output

RAM memory location for the DMA transfer.

General-Purpose Data Registers

Store various data to be sent to the SELCH/MUX bus, e.g.;
status, sector addresses or RPS data. These registers also
store various data received from the SELCH/MUX bus for RAM
input, e.g.; a cylinder or head address. I/O lines are:
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a. CTL'S (control lines), input
Three controls for determining whether general-register
data is to be transmitted to the SELCH/MUX bus, received
from the SELCH/MUX bus or enabled for output over BDO0:7.
b. D08:15 (data bits 8 through 15), input
Byte of information from the SELCH/MUX bus.
c. GPD08:15 (general-purpose data), output
Register data to be sent to the SELCH/MUX bus.
d. BDO:7 (bus data lineé 0 through 7, 1/0
General-purpose data sent to and received from the
microprocessor controller logic.
16. DMA Data Registers
Hold data received and transmitted between the SELCH/MUX bus
and RAM. I/0 lines are:
a. BDO0:7 (bus data lines 0 through 7), I/0
DMA data transfered between RAM and the SELCH/MUX bus.
b. CTL'S (control lines), input

Ten control/timing signals for loading the registers and
enabling them to output data to the applicable buses.

c. DO00:15 (receive data bits 00 through 15), input

Halfword of data received from the SELCH/MUX bus, to be
output to the RAM.

d. DATA00:15 (data bits 00 through 15), output

Halfword of data to be sent to the SELCH/MUX bus.

17. DMA Control and Bus Data (BD) I/O Control
Sets up and maintains DMA transfers, via the DMA Data
Registers, between the SELCH/MUX bus and the RAM. 1I/0 lines
are:

a. CTL'S (control lines), input

Ten control/timing signals. These are also passed on to
the DMA data registers.
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b. BDIOO0:5 (bus data I/0 and controls), input

A 6-bit code that controls the source and destination
for BDO:7 and provides numerous control signals. See
Appendix A for further description.

c. CTL'S (control lines), output

Control for one of the operations selected by the
decoding of BDIOO:5 input.

d. 3200 PTCL (3200 protocol), output

Control signals to the SELCH for the new high-speed
SELCH protocol. (Physically, 3200 PTCL represents two
lines: STCHK and CTLOPTC. See Appendix A for further
description.)

Control Latches

Latches halfword data (e.g.; cylinder or head address) from
the processor for subsequent input to the RAM. I/0 lines
are:

a. D00:15 (data halfword), input

Data halfword received over the SELCH/MUX bus from the
processor.

b. CTL'S (control lines), input

Control/timing functions required for receiving halfword
data from the processor.

c. BDO:7 (bus data lines 0 through 7), output

Halfword data latched from the processor and sent as
bytes to the RAM.,

Error Correction Code (ECC) Generation

Generates a 32-bit ECC for a disk file write or read
operation.

With a write operation, ECC Generation receives serial write
data from input line RSRO0, as described in Item 21 below.
The circuitry then generates an ECC, which error correction
control appends to the end of the 256 bytes of data written
to the selected disk file.
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With a read operation, ECC generation receives serial read
data from input line RSRO0O, as described in Item 22 below.
This input, consisting of 256-bytes of data and a 32-bit
ECC, 1is serially shifted into the ECC generation circuitry.
ECC generation then generates a new ECC from the 256 data
bytes, and compares it with the read ECC. If the two ECCs
match, the ECC is validated.

I/0 lines are:

a. CTL'S (control lines), input
Control/timing signals necessary for generating ECCs.

b. RSRO0 (read/write serial data), input
Serial data shifted into the ECC circuitry during a read
or write operation. During a read operation, this
serial input data also includes an ECC.

c. BD0O:7 (bus data lines 0 through 7), output
Error correction information output to the
microprocessor logic whenever an ECC is not validated,
i.e.; whenever an ECC is found erroneous.

20. Error Correction Control
Provides control circuitry necessary for ECC operations.
I/0 lines are:

a. RSRO0O (read/write serial data), input

Serial data shifted into the ECC circuitry during a
write operation to a disk file.

b. CTL'S (control lines), I/O

Control/timing signals necessary for generating ECCs and
for detecting ECC errors.

c. WDATA (write data), output

Serial data, along with a generated ECC, to be written
to a disk file.
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22.

Parallel-to-Serial Conversion

Converts parallel RAM data from BD0O:7 to serial data to be
written to a disk file. This conversion circuitry applies
only during disk file write operations, where data is
written from the SELCH/MUX bus, via the RAM, to a disk file.
I/0 lines are:

a. CTL'S (control lines), input

Control/timing signals necessary for synchronizing the
resulting serial write data to the disk file.

b. BD0:7 (bus data lines 0 through 7), input

Parallel data written from the RAM. The RAM originally
received this data from the SELCH/MUX bus.

c. WSR (write serial data), output

Serial data to be written to a disk file. WSR output is
passed, via serial-to-parallel conversion, as RSRO0 to
Error Correction Control. There, a 32-bit ECC from ECC
Generation circuitry is appended to the end of the 256
bytes of write data.

Serial-to-Parallel Conversion:

Converts serial disk file data from the SDATA input to
parallel data, to be sent to the RAM. This conversion
circuitry applies during disk file read operations, where
data is read from a disk file, to the RAM, and to the
SELCH/MUX bus. Also, during a write operation, this
circuitry passes WSR input as RSRO0O output to error
correction control and ECC Generation. I/O lines are:

a. SDATA (serial data), input
Serial data and ECC read from the disk file.

b. RSRO0 (read/write serial data), output
Same serial data and ECC as above, output to the ECC
generation «circuitry. More specifically, for a single
disk file read operation, RSRO0O contains 256 bytes of
data and a trailing 32-bit ECC. This data and ECC are
input to ECC Generation circuitry which checks for
errors. See Item 19 above.

c. BD0:7 (bus data lines 0 through 7), output

Parallel data sent to the RAM.
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CHAPTER 4
MAINTENANCE

4.1 INTRODUCTION

Along with the table of mnemonics in Appendix A and the
intelligent disk controller (IDC) board schematics, Chapter 4
presents detailed information necessary for troubleshooting the
IDC board. Before reading this chapter, you should be thoroughly
familiar with Chapter 3. For information pertaining to
preventive maintenance on IDC disk files, see the list of related
publications in Section 1.2.

4.2 MICROPROCESSOR/SEQUENCER CIRCUITRY

The heart of the 1IDC board is the microprocessor/sequencer
circuitry. It provides, sequences, executes and routes the
various microinstructions for interfacing a Series-3200 Processor
and selector channel (SELCH)/multiplexor (MUX) bus with the IDC
disk files. As shown in Figure 3-6, the microprocessor/sequencer
circuitry consists of these functional blocks:

e Microprocessor (two 4-Bit microprocessor chips)
® Pipeline register

e Control store PROM

e Microprogram sequencer

Microinstructions are stored as part of the microprogram within

the control store programmable read-only memory (PROM). Section
4.2.1 discusses these microinstructions.

The pipeline register latches each microinstruction (output from
PROM) for input to the microprocessor and to the various
functional blocks of the IDC controller logic.

The microprocessor, alternately referred to as the arithmetic
logic unit (ALU), executes ALU instructions which are part of
each microinstruction received from the pipeline register.
Section 4.2.2 discusses the microprocessor.
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The microprogram sequencer ¢gives the IDC the capability of
executing its stored microprogram from PROM. This capability
classifies the IDC as intelligent. By acting on condition code,
sequencer instruction and branch address inputs, the microprogram
sequencer controls the execution sequence of the microprogram.
Each 10-bit address output: from the microprogram sequencer
selects one of the 1024 microinstructions as the next instruction

to be executed. Section 4.2.3 discusses the microprogram
sequencer. ‘

Section 4.2.4 describes the clock signals associated with
microprocessor/sequencer operation.

Section 4.2.5 discusses  general operation of the
microprocessor/sequencer circuitry and presents examples of
typical operations. !

4.2.1 Microcode Instructions

A microcode instruction, or microinstruction, is a 56-bit output
from control store PROM. Corresponding to these 56 bits are 56
output lines. See Figure 3-6, to the right side of the block
diagram. As shown, going into the pipeline register from PROM
are 56 lines (unlabeled). These same lines, which represent the
56 bits of a stored mlcr01nstruct1on, are output from the top of
the pipeline register to these destinations: the random access
memory (RAM) circuitry, the bus data Input/Output (I/O) control
circuitry, the mlcroprocessor (i.e.; the two 4-bit microprocessor
chips), and the microprogram $equencer.

Table 4-1 lists the 1line mnemonlcs corresponding to the 56
microinstruction bits. These bits or lines are classified into
five functional fields:

1. RAM address/control
2. Bus data I/0 control
3. ALU address/control
4. Branch address/control
5. Microprogram sequencer

Sections 4.2.1.1 through 4.2.1.5 discuss the 56 output 1lines
within these five fields.
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TABLE 4-1. BIT DEFINITIONS OF THE 56-BIT MICROINSTRUCTION
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|BIT* |MNEMONIC| NAME | |IBIT* |MNEMONIC | NAME

! ===============================================================:====================
| | | I | |

| 55 | BRA7 | Branch Address Bit 7 Il 26 | CIN | Carry-In

| 54 | BRA6 | Branch Address Bit 6 il 25 | POE | ALU Output Enable

| 53 | BRAS5 | Branch Address Bit 5 1] 24 | MI | CC MUX Inverter Bit

| 52 | BRA4 | Branch Address Bit 4 ]l 23 | RAM7 | RAM Address Bit 7

| 51 | BRA3 | Branch Address Bit 3 Il 22 | RAM6 .| RAM Address Bit 6

| 50 | BRA2 | Branch Address Bit 2 {1 21 | RAM5 | RAM Address Bit 5

| 49 | BRA1l | Branch Address Bit 1 |l 20 | RAM4 | RAM Address Bit 4

| 48 | BRAO | Branch Address Bit O Il 19 | RAM3 | RAM Address Bit 3

| 47 | sSI3 | Sequencer Instruction Bit 3 || 18 | RAM2 | RAM Address Bit 2

| 46 | sSI2 | Sequencer Instruction Bit 2 || 17 | RAM1 | RAM Address Bit 1

| 45 | sSI11 | Sequencer Instruction Bit 1 || 16 | RAMO | RAM Address Bit 0

| 44 | SIO | Sequencer Instruction Bit 0 || 15 | BDIO5 | Bus Data I/O Bit 5

| 43 | A3 | A-Register Address Bit 3 Il 14 | Pz | RAM Page Zero

| 42 | A2 | A-Register Address Bit 2 i1 13 | AE/OE | RAM Address Enable

| 41 | Al | A-Register Address Bit 1 Il 12 | MCE | RAM Chip Enable

| 40 | A0 | A-Register Address Bit 0 Il 11 | MWE | RAM Write Enable

| 39 | B3 | B-Register Address Bit 3 Il 10 | CNT | RAM Page Counter Enable
| 38 | B2 | B-Register Address Bit 2 Il 09 | BRA9 | Branch Address Bit 9

| 37 | Bl | B-Register Address Bit 1 || 08 | BRA8 | Branch Address Bit 8

| 36 | BO | B-Register Address Bit 0 Il 07 | MC | CC MUX Selection Bit C
| 35 | 18 | ALU Instruction Bit 8 Il 06 | MB | CC MUX Selection Bit B
| 34 | 17 | ALU Instruction Bit 7 |1 05 1 MA | CC MUX Selection Bit A
| 33 | 1I6 | ALU Instruction Bit 6 || 04 | BDIO4 | Bus Data I/O Bit 4

| 32 | 15 | ALU Instruction Bit 5 Il 03 | BDIO3 | Bus Data I/0 Bit 3

| 31 | 14 | ALU Instruction Bit 4 || 02 | BDIO2 | Bus Data I/0 Bit 2

| 30 | 13 | ALU Instruction Bit 3 [l 01 | BDIOl | Bus Data I/0 Bit 1

| 29 | 12 | ALU Instruction Bit 2 |] 00 | BDIOO | Bus Data I/O Bit 0

| 28 | 11 | ALU Instruction Bit 1 I I |

| 27 | 10 | ALU Instruction Bit O 11 | |

*MSB is bit 55; LSB is bit 00.



4.2.1.1 Random Access Memory (RAM) Address/Control Field

This field has thirteen bits. As shown in Figure 3-6, two

outputs 1leave the top of the pipeline register and go to the RAM
control circuitry: RAM address lines (RAMO:7) and RAM control
(RAM CTL). RAMO:7 is an 8-bit address for selecting one of 256

locations within one of the four RAM pages. RAM CTL represents
five control 1lines:

1. RAM address enable (AE/OE)

A high on this 1line selects RAMO:7 from the pipeline
register as the RAM address source. A low selects RAMO:7
from the RAM address counter as the address source.

2. RAM page counter enable (CNT)

When high, this 1line enables the RAM page counter to
increment to the next page.

3. RAM chip enable (MCE)

This line enables the RAM for a read or write operation.
4. RAM write enable (MWE)

This line enables RAM to be written to.
5. Page zero (PZ)

This line selects RAM page zero.

4.2.1.2 Bus Data Input/Output (I/0) Control Field

This field has six bits: Bus data I/O0 and control bits
(BDIOO:5). BDIOO:5 contain a 6-bit code for controlling I/O over
the microprocessor bus BD0O:7. Table 4-2 lists the BDIOO0:5 codes
and the corresponding BDO:7 contents. For additional information

to interpret this table, see the table of mnemonics in Appendix
A.

Notice that the MODE column of Table 4-2 specifies either a read,
a write or a strobe. A read denotes BD0:7 source data going into
the microprocessor or RAM. A write denotes BD0:7 destination
data going out of the microprocessor, RAM or map PROM. A strobe
denotes one of the numerous bus data control functions. See
Section 4.2.4.2 for further detail.
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5 VALUES FOR MICROPROCESSOR BUS FUNCTIONS

BDIOO

TABLE 4-2.

47-032

CONTENTS OF BDO:7 BITS*
BD7 | BD6 | BD5 | BD4 | BD3 | BD2 | BDl |

FUNCTION
NAME

|FUNCTION |

|MODE &
-————--—--TIMING |MNEMONIC|

5

BDIOO

s — —— —————r S o —— — —8 —— " {_ — ——— ——— _——" ——— ——————— — — — T— ——— —— —

—— ——— —— ————T— —— — ——— {———= o —— ———— _—— — — S—- —— — ——— ———  — ——— ———

No Operation

Internal Clear

Load ECC Low

Load ECC High

Data Enable

Reset Attention

Read Bus Control

Read RAM Address

Drive Select

Read Bus Data

Read Bus Status

. — ———— e e o 2 s Sl e Sk S — SAkiD, T — — M— — B —— f— —— — —— —— ——— — — —— — o T—

e e — ——— ———————— ———{——— —————— {— — ——— ——{—— —— — — — — ——— ———— S—

R23
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TABLE 4-2. BDIO0:5 VALUES FOR MICROPROCESSOR BUS FUNCTIONS

(Continued)
| BDIOO:5 |MODE & |FUNCTION | FUNCTION I CONTENTS OF BDO:7 BITS*
|-===mmm e TIMING |MNEMONIC| NAME e e
|OCT. |HEX. | | | | BD7 | BDé6 | BDS | BD4 | BD3 | BD2 | BD1
| 16 | OE |Read |IESTBRA |Establish Branch Address |Mask |Mask |Mask |Mask |Mask |Mask | *xx
| | ICLK23 | | |BUSY IWPROT |READY |ONCYL |SKER |FAULT |
| | | | | | | | I | |
| 17 | OF |Strobe |SSYN |Set Sync | | | | | | |
| | |CLK23 | | I | | | | | |
| | | | | | | | | | | |
| 20 | 10 |Write |LDPAGE |Load RAM Page Number | | | ] [ **%x BT |LP23
| | |CLK3 | | | | | | | | |
| | | | | | ] | I | | |
| 21 | 11 |Write |LDDSK |Load Disk | RAM7 | RAM6 | RAMS | RAM4 | RAM3 | RAM2 | RAM1
| | |CLK3 I | - | | | | | | |
| | | | | | | | | | | |
| 22 | 12 |Write |LDCB ILoad Disk Data Bus IBO7 iBOE IBOS iB04 i883 1802 1861
| | |CLK3 | | | | | | | | |
] | | | | | | | | | | |
| 23 | 13 |write |LDCT |Load Disk Control Tag |sCT |SHT jcT |USEL | (spare) | (spare) |B0S
| | ICLK3 ] | | | I | Tag | | |
| | | | | | | | | | I |
| 24 | 14 |Write |LDDMA |Load DMA | ! I ] | *xxx IWwrite/ |DMA23
| | | CLK3 | | | | I | | | Read I
| | | | | | | | | | | |
| 25 | 15 |Strobe |SATN |Set Attention ] | | | | | |
| | |CLK3 | | | | I | | | |
| I | | | | | | | | | |
| 26 | 16 |Write |TBD ITransmitted Bus Data |GPD08 |GPD09 |GPD10 |GPD1l |GPD12 |GPD13 |GPD14
| | | CLK3 | | | | | | | | |
| | | | | | | | | | | |
| 27 | 17 |Strobe |LO |Turn On Diagnostic | | | | | | |
| | | CLK3 | | | | | | | | |
] | | I | I | | | | | |
| 30 | 18 |Strobe |CO |Microcode Clear to Zero | | | | | I |
| I ICLK3 | | | | | | | | I
| | | | | | I | ) | | |
| 31 | 19 |Write |INTDATA [Interrupt Data | | | I ICINT/ [****  |FAl4
| | |CLK3 | | | | | | [FINT { |
| | | | I | I | | | | |
| 32 | 1A |Strobe |LO |Clear Diagnostic | | | | | | |
| | |CLK3 | | | i I | | | |
| | | ] | | | | | | | I
| 33 | 1B |Strobe |DMASTRT |DMA Start | | | | i ] I
| | ICLK3 i | ] | ] | | | |

— s . o ———————— — ——— — ——— — S . s, o ot S Y S — o . oo s v o S S
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TABLE 4-2. BDIO0:5 VALUES FOR MICROPROCESSOR BUS FUNCTIONS

(Continued)

| BDIOO:5 |MODE & |FUNCTION| FUNCTION | CONTENTS OF BD0O:7 BITS* |
jmmm—————— TIMING |MNEMONIC] NAME = = s e e e e e e e e |
jOCT. |HEX. | | BD7 | BD6 | BD5 | BD4 | BD3 | BD2 | BDL | BDO |
| 34 | 1C |Strobe |SAVCRY0 |Save Carry | | ] | i | | i |
| | |CLK3 | | | | | | | | | |
| | | | | | | | | | | | | |
| 35 | 1D |Strobe |STPSLCH |Stop SELCH Strobe ! | | | ] | | | |
| | |CLK3 | | | | | | | | | | |
| | | | | | | i | ] | | | |
| 36 | 1E |Strobe |SETIDL [Set Idle ] | | | | | | | |
| | |CLK3 | | | | | | | i | | |
| | | | | | | ] | | | | | |
| 37 | 1F |Strobe |RSTIDL |Reset Idle | | | | | | ] | |
| | |CLK3 | | | | | | | | | | |
| | | | | | | | | | | | | |
| 40 | 20 |Read |DCL IDisk Status Clear and |BUSY |WPROT |READY |ONCYL |SKER |FAULT |SECTOR |INDEX |
| | |CLK23 | |Enable | | | | ] ] | | |
| | | | | | | ] | | | | | |
| 41 | 21 |Strobe |OFF |ECC Off | | | ] ] | ] | |
| | |CLK23 | | | | | | | | | | |
| | | | | | | | | | | | | ]
| 42 | 22 |Strobe [ON |ECC On | | | | | | | | |
| | |CLK23 | | | | | | | | | | |
| | | | | | ] | | | | | | |
| 43 | 23 |strobe |SEC |shift ECC ] i | | | | | | |
| | jcLK23 | | | | | | | | | | |
| | | | | | | | | | | | | |
| 44 | 24 |Strobe |MEC |Enable ECC Shift | | | | | | | | |
| | |CLKR23 | | | | | | | | | | |
| | | | | | | | | | | | | |
| 45 | 25 |Strobe [ME |Map PROM Enable ] | | ] | | | | |
| | |CLK23 | | | | | | | | | | |
| | | | | | | | | | | | | ]
| 46 | 26 |Strobe |FOUND |Sector Pound | | | | | | | | |
| | |CLK23 | 1 | | | | | | | | |
| | | | | | ! | | | | | | |
| 47 | 27 IWrite |SEL |Select Pulse ] | | | | | IDRV23 |DRV13 |
| | ICLK23 | | | | | | | ] - | |
* Blank entries indicate that the bit position is neither latched nor used.

*% Register data I/0O. See descriptions of corresponding mnemonics in Appendix A.

*%* PBits BD7:2 associated with ESTBRA do not actually contain the specified mask data. However, the BD7:2 bits are
ANDed with the specified mask mnemonics to enable status branches.

*%** These entries indicate that the bit position is latched but not currently used.



4.2.1.3 Arithmetic Logic Unit (ALU) Address/Control Field

This field has nineteen bits. As shown in Figure 3-6, four

outputs leave the top of the pipeline register and go to the
microprocessor circuitry: A, B, CONT and I.

A-output represents four lines: A-register address bits (A0:3).
A0:3 contain a binary value for selecting one of the ALU
registers as the source A-register. Section 4.2.2 further
discusses this selection.

B-output represents four lines: B-register address bits (B0:3).
B0:3 contain a binary value for selecting one of the ALU
registers as the source/destination B-register. Section 4.2.2
further discusses this selection.

CONT output represents two lines: Carry-in (CIN) and ALU output
enable (POE). CIN 1is a microcode-generated carry input to the
ALU. POE enables ALU output onto BD0O:7. Section 4.2.2 further
discusses these lines.

I output represents nine lines: ALU instruction bits (I10:8).
I10:8 contain a 9-bit instruction for an ALU operation. The first
three bits of this code, I0:2, denote the source of input data;
the second three bits, 1I3:5, specify the particular ALU
operation; and the third three bits, I6:8, denote the destination
of results. See Tables 4-4 through 4-7 in Section 4.2.2 for
detailed descriptions of 10:8.

4.2.1.4 Branch Address/Control Field

This field has ten bits: branch address bits (BRAO:9). BRAO:9
contain either a 10-bit branch address or a constant count value
as input to the microprogram sequencer. These bits specify
either the location of the next microinstruction to branch to or
the count value for controlling microinstruction loop executions.
Execution of a particular branch address depends on the
microprogram sequencer field discussed below.

4.2.1.5 Microprogram Sequencer Field

This field has eight bits. As shown in Figure 3-6, two outputs
leave the top of the pipeline register and go to the microprogram
sequencer, via the condition code MUX and the MUX inverter.

These outputs are: condition code MUX control (COND MUX CTL) and
microprogram sequencer controls (CTL).
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COND MUX CTL represents four lines: condition code MUX selection
bits (MA:MC) and the CC MUX inverter bit (MI). MA:MC contain a
3-bit code that results in a condition code (CC) output, via the
condition code MUX, to the microprogram sequencer. This CC
output, along with BRAO:9, 1is used for a next address
calculation. Table 4-3 gives the MA:MC possibilities; where
necessary, - see Appendix A  for further description of the
mnemonics. MI, the fourth bit of COND MUX CTL, inverts the CC
output from the MUX inverter when required.

Sequencer instruction bits (SI0:3) contain a hexadecimal value
for one of sixteen possible sequencer instructions to generate
the next microinstruction address within PROM. Table 4-8
presents a detailed description of these bits.

TABLE 4-3. MA:MC VALUES FOR CC OUTPUT

———————— - - WV G Gew e W Sma BAS G GAG AW Gt CHa SRV B GUS GEA GG At G GO G G SR SN SR O WS RS S GE GED U R G Mt G G G G G S S S e

| MA:MC | CONDITION | CONDITION |
| VALUE | MNEMONIC | NAME |
T Tcamoke 1 ce mux omepat |
‘ 1 } OFLOW : Overflow :
: 2 = SIGN : Sign Bit :
{ 3 { CARRY7 : Carry Bit 7 {
: 4 i RSEL : Register Select ;
! 5 : IPRY : Input Ready :
} 6 } SON I Latched Sync On ;
i 7 E F=0 i Function Equals Zero i

(PRSPPI —————— g SR PP ettt tenntaiadeadeele R K Kk KX R R ko

* Condition Code (CC) output from the condition code multiplexer
consists of one of the eight conditions selected by the octal
value of the three bits, MA:MC. (MC is the most significant
bit.) See Appendix A for further description of the selected
conditions.
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4.2.2 The 4-Bit Slice Microprocessofs

Two identical 4-bit slice microprocessor chips are connected on
the 1IDC board to form the 8-bit ALU circuitry. One chip handles
the most significant four bits (MSBs) of each I/O byte, and the
other handles the least significant four bits (LSBs). Figure 4-1
shows a functional block diagram of one 4-Bit slice
microprocessor; for further information, see the block diagram of
Figure 3-6. The following items discuss the functional blocks
and I/O 1lines in Figure 4-1. Labeling in this figure is
according to manufacturer's specification.

a. MicroRAM

This block, also referred to as 1local RAM, consists of
sixteen 4-bit RAM locations. These are addressed by the A-
and B-register address lines (A0:3 and B0:3). That is, A0:3
and B0:3 inputs determine which of the sixteen locations are
read into the A- and B-Latches.

A0:3 and B0:3 inputs can specify the same address. Also,

B0:3 specifies the RAM write location for data input via the
RAM shift MUX.

b. A~ and B-latches

These two latches hold output from the MicroRAM and serve as
inputs to the R- and S-MUXs. Data is held in the A- and
B-latches while CLK6 (see Section 4.2.4) is low, thereby
avoiding any race condition.

Cc. R-MUX and S-MUX

These multiplexers are the two input ports to the ALU. As
shown in Figure 4-1, the R-MUX passes input from either of
two sources: latched bus data bits (LBD0:3 or LBD4:7,
depending on whether the microprocessor is the less
significant or more significant chip) or A-latch output.
ILBD0:7 input is also referred to as direct data. The S-MUX
passes input from one of three sources: A-latch output,
B-latch output, or Q-register output (Q0:3). 1In addition to
the inputs Jjust specified, the R- and S-MUXs can output a
zero to the ALU.
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O-register

The main purpose of the Q-register is to enable the double
length shifts required by binary multiplication and
division. Therefore, the Q-register receives, via the
Q-shift MUX, both ALU output (F0:3) and its own output
(Q0:3). Shifts are controlled by the ALU destination
control bits 16:8; Table 4-7 specifies I16:8 values for up
and down shifting.

The Q-register is also employed as a holding register or
accumulator.

Q-shift MUX

This multiplexer receives F0:3 as input from the ALU and
Q0:3 as input from the Q-register. Output to the Q-register
can be shifted one bit in either direction, up or down or,
not shifted at all.

The INO/IN3 inputs and the Q0/Q3 outputs carry overflow bits
resulting from an up or down shift operation. Table 4-7
presents further information on this operation.

RAM-shift MUX

This multiplexer receives F0:03 as input from the ALU.
Output goes to the MicroRAM and, like the Q-shift MUX, this
output can be shifted one bit in either direction, or not
shifted at all.

The INO/IN3 inputs and the F0/F3 outputs carry overflow bits
resulting from an up or down shift operation. Table 4-7
presents further information on this operation.

Y-output MUX

This multiplexer receives input from either the AlU or the
A-latch. When the ALU output Enable (POE) signal is active,
low, the Y-output MUX outputs F0:3 or the A-register
contents onto the microprocessor Bus (BD0:3 or BD4:7,
depending on whether this microprocessor is the 1less
significant or more significant chip).

Microprocessor output lines to BDO:7 are in the
high-impedance state whenever POE is high.
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h. ALU

Depending on the input of the ALU instruction bits (10:18),
the ALU performs arithmetic or boolean functions. See
Tables 4-4 through 4-7 for detailed information. The
carry-in (CIN) input is generated by microcode to increase
the number of possible functions. For the more significant
ALU, CIN is the carry-out of the less significant ALU.
Condition code (CC) output indicates the results of ALU
instruction execution, i.e.; the execution of the I0:8 bits.
It is a 4-bit condition code representing four lines:
overflow (OFLOW), sign bit (SIGN), carry bit (CARRY7) and
function equals zero (F=0). For further description of
these four lines, see Appendix A.

4.2.2.1 Arithmetic Logic Unit Instructions From I0:8

ALU instructions are input to the ALU through nine lines: I0:8.
(As previously discussed, an ALU instruction is part of the
56-bit microinstruction output from control store PROM; see
Figure 3-6.) These nine bits determine data flow and control
function. The first three bits, I0:2, select the input source to
the ALU. The second three bits, I3:5, specify the ALU function
to be performed. The third three bits, I6:8, select the
destination for the results of the executed function. Tables 4-4
through 4-7 define the contents of I10:8, and Items 1 through 3
below discuss these bits.

1. ALU source selection with I0:2

See Figure 4-1. As illustrated there, input to the ALU is

from the R-MUX and S-MUX. Furthermore, as discussed
earlier:

a. Input from the R-MUX to the ALU can be one of three
sources: LBD0:3/LBD4:7, A-latch data or zero.

b. Input from the S-MUX to the ALU can be one of four
sources: A-latch data, B-latch data, Q0:3 or zero.

Consequently, the ALU has twelve possible input
combinations, as shown below, where: A refers to A-latch,
B refers to B-latch, D refers to direct data of LBDO0:7, Q
refers to Q-register and Z refers to zero.

R-MUX Input: AAAA DDDD ZZZ72
S-MUX Input: ABQZ ABQZ ABQZ
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Since only three bits of the instruction code are available
for specifying source input, only eight of the twelve
combinations can be defined. However, since A and B can
refer to the same MicroRAM 1location, the AA, AZ and DB
combinations are redundant. Also, since zero/zero input is
considered meaningless, ZZ is redundant. Consequently, I0:2

can specify all eight of the effective combinations. See
Table 4-4.

TABLE 4-4. MICROINSTRUCTION BITS I0:2 FOR ALU SOURCE CONTROL

| I0:2 VALUE | OCTAL | ALU SOURCE INPUT | SOURCE |
e CODE === e e MNEMONIC |
| 12 | 11 | 10 | | R-MUX* | S-MUX* | |
oo 1o 1 o1 aiaten 1 oregister 1 a0 |
} 0 : 0 ! 1 : 1 } A-Latch } B-Latch { AB {
: 0 : 1 : 0 } 2 : Zero { Q-Register : ZQ {
: 0 l 1 : 1 : 3 : ‘Zero : B-Latch : ZB :
{ 1 { 0 l 0 } 4 I Zero = A-Latch ; ZA {
} 1 : 0 : 1 : 5 I LBDO:7 { A-Latch } DA {
} 1 : 1 : 0 : 6 : LBDO:7 = Q-Register : DQ {
= 1 { 1 ; 1 : 7 : LBDO:7 } Zero : DZ ;

* As represented in Figure 4-1, R-MUX and S-MUX are the two input
ports to the ALU. Refer to Table 4-6 for I0:2 combinations
with the I3:5 bits.

4-14

ALU Function Control with I3:5

Basically, I3:5 bits allow eight ALU functions to be
specified three arithmetic and five boolean. See Table 4-5,
However, since there are eight different ALU input
combinations from I10:2, I3:5 actually allow more than just
eight ALU functions. Also, the CIN bit permits additional
operations. Table 4-6 shows all functions permitted with
I3:5, I0:2 and CIN inputs.
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TABLE 4-6. SOURCE-FUNCTION MATRIX FOR MICROINSTRUCTION BITS I0:5%

————— —— - —— -

ALU FUNCTION BITS || AQ ! AB
I3:5 (OCTAL VALUE)|| (0) | (1)
| R+S with || A+Q | A+B
ADD | CIN=0 | |
(0) | R+S8 with || A+Q+1 | A+B+1
| CIN=1 11 |
| S-R with || Q-A-1 | B-A-1
SUBR | CIN=0 I |
(1) | S-R with || QO-A | B-A
| CIN=1 1 |
| R-S with || A-Q-1 | A-B-1
SUBS | CIN=0 i1 |
(2) | R-S with || A-Q | A-B
| CIN=1 I ]
| Il |
OR | ROR S Il A OR Q] A OR
(3) i I I
| |
AND | R AND § | |1A AND Q|A AND
(4) | 11 |

=
o
Y]
o
>
Q
o
0n
_..;_.
»
o
r)
o
>
¢
(o]
2

| |

XNOR | R XNOR § |
(7) | ]

* This table is a combination of
for further detail.

._.;_.
-
o
o
Lo]
>
>
O
o

ALU SOURCE INPUT BITS |
I0:2 (OCTAL VALUE) |

| 20 | ZB | za | bpa | DO | Dz ]
bo(@2) 1 (3) | (4) 1 (5 | «(6)y | (1) |
N e
| o+l | B+1 | A+l | D+A+l | D+Q+1 | D+l |
| | | | 1 | :
| Q-1 | B-1 | A-1 | A-D-1 | Q-D-1 | -D-1 |
| | | | | | |
| Q | B i A | A-D | O-D | -D |
I | | | | I :
| -Q-1 | -B-1 | -a-1 | D-A-1 | D-0-1 | D-1 |
| | | | | | |
| -Q | -B | -A | D-A | D-Q | D |
| | | | | | :
| | | | | |
B| Q | B : A | DORA| DORQ| D }
| i I
_________________________________________________ l
I | | | |
Bl 0 | 0 | 0 ID AND A[D AND Q| 0 |
| | I | | | ;
| | | | ] | |
Bl 0 | B | A |ID AND A|D AND Q] O |
| | | | | | :
| | | | | |
Bl Q | B | A ID XOR A|D XOR Q| D |
[ | | | | i |
_________________________________________________ |
| | I | i
Bl Q | B | A ID XOR A|D XOR Q| D |
I |

Tables 4-4 and 4-5. 1If necessary, see these tables
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TABLE 4-7 MICROINSTRUCTION BITS 16:8 FOR ALU DESTINATION CONTROL*

P OCTAL|  IN/OUT

| RAM SHIFTER |

RAM

| FUNCTION

| Q-SHIFTER
IN/OUT

| O-REGISTER |
| FUNCTION

18 | 17 | 16 | | RAMO

| RAM3

|SHIFT| LOAD |

Qo

Q3

|{SBIFT| LOAD |

COMMENTS

n/a

n/a

n/a

n/a

FO

FO

INO

n/a

n/a

n/a

n/a

IN3

IN3

F3

n/a

n/a

none

down

up

n/a

n/a

n/a

n/a

Qo

INO

n/a

n/a

n/a

n/a

IN3

n/a

Q3

none

Loads F0:3 to the Q-register.

Generates BD0:3/BD4:7 output only if POE
control input is low.

Generates BD0:3/BD4:7 output directly from
a MicrorAM A-register. F0:3 output is to
a MicrorAM B-register.

F0:3 output is to a MicrorAM B-register.

FO0:3 output is down-shifted and input to a
MicrorAM B-register: FO output, resulting
from the down-shift of the less
significant MicroRAM, wraps around as IN3
input to the MSB of the more significant
MicroRAM. Q-register output is down-
shifted and again input to the Q-register:
Q0 output, resulting from the down-shift
of the less significant Q-register, wraps
around as IN3 input to the more
significant Q-register.

F0:3 output is down-shifted and input to a
MicroRAM B-register as just discussed
above.

F0:3 output is up-shifted and input to a
MicroRAM B-register: F3 output, resulting
from the up-shift of the more significant
MicroRAM, wraps around as INO input to the
LSB of the less significant MicroRAM.
Q-register output is up-shifted and again
input to the Q-register: Q3 output,
resulting from the up-shift of the more
significant Q-register, wraps around as
INO input to the less significant
Q-register.

F0:3 output is up-shifted and input to the
MicroRAM B-register as just discussed
above.

* Every I16:8 value generates a BD0:3/BD4:7 output, provided the POE input to the Y-output MUX is low. The letters n/a
(non-applicable) denote a don't care
(Specifically, the shift pin is a TTL input internally connected to a 3-state output in the high-impedance state.)
The terms up and down respectively refer to a shift up towards the MSB or a shift down towards the LSB. )

combination where

the associated output is in a high-impedance state.



4.2.3 Microprogram Sequencer

As its name implies, the microprogram sequencer controls the
sequence of microinstruction execution. See the block diagram
of Figure 3-6. To output the 10-bit address (PA0:8, SPA9) to
PROM for the next microinstruction to be executed, the
microprogram sequencer receives three inputs:

1. Branch Address Bits (BRAO:9)
2. Condition Code (CC)
3. Sequencer Instruction Bits (SI0:3)

From the pipeline register, BRA0:9 supplies a 1l0-bit branch
address for the next microinstruction to be executed by IDC
controller circuitry. BRAO:9 can address all of the 1024 56-bit
locations within control store PROM. The actual branch address,
if any, depends on the CC and SI0:3 inputs. Alternately,
instead of a branch address, BRA0:9 can supply a count value for
iterations (repetitive executions) of a microinstruction loop.

CC supplies one of eight condition code tests wused by the
microprogram sequencer for a next address calculation. Table
4-3 describes the MA:MC bits associated with the CC.

SI0:3 specify one of sixteen possible sequencer instructions.
These are described later in Section 4.2.3.1. (To more easily
understand the following discussions, you might want to refer
there now and scan Table 4-8 to gain an overview of these
instructions.)

Figure 4-2 on the next page shows a functional block diagram of
the microprogram sequencer. The following items discuss the
functional blocks and 1I/0 lines shown in the figure.

a. Address/down-counter register and zero detector

This register functions either as an address register or a
down counter. As an address register, it functions as a
holding register to temporarily store a branch address from
BRAO:9. As a down counter, it controls microinstruction
loop iterations. Specifically, BRAO:9 loads the register
with a count value of one less than the wanted number of
iterations. Before each successive execution of a
microinstrution loop, the zero detector examines the count
for a =zero value; if not -equal to zero, the count is
decremented and the 1loop executes. This operation
continues until a zero 1is detected, terminating 1loop
execution. [The decrement repeat 1loop (DRL), decrement
repeat instruction (DRI), and three-way branch (TWB)
sequencer instructions in Table 4-8 use the register as a
down counter. ]
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The address/down-counter register is loaded with either of
two sequencer instructions from Table 4-8: 1load counter
(LDCT) or push conditional 1load (PCL). LDCT explicitly
loads the down counter register with a count value from
BRAO:9. PCL conditionally loads the address register with
a branch address from BRAO:9.

032-14
eno:s,spno  MICROPROGAM SEQUENCER
INCREMENTER
10 * [ STANDARD 10 i
o |SEQUENTIAL
g\ EXECUTION MICROPROGRAM
4 COUNTER
1oi
STACK
‘ 10 POINTER
- ler STACK
OUTPUT |~ ‘ (5 X 10 BIT)
ZERO
MUX DETECTOR
10 t ADDRESS/ 10 BRAO:9
-~ DOWN-COUNTER |-+
REGISTER
10 BRAO:9
g /’
TO OTHER FUNCTIONAL 4 )
BLOCKS TO EFFECT g INSTRUCTION/CCl-~ 510:3
SEQUENCE CONTROL DECODER |- cC

Figure 4-2 Block Diagram of the Microprogram Sequencer

b. Incrementer

The 10-bit address from the output MUX is always input to
the incrementer which increments the address by a value of
one before passing it to the microprogram counter.

c. Microprogram counter

Once incremented, the 10-bit address from the output MUX is
stored in the microprogram counter. During standard
sequential microinstruction execution, this functional
block supplies the output MUX with the address of the next
microinstruction to be executed by the IDC logic.
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5x10 bit stack with stack pointer

This functional block stores return addresses for
subroutine calls. It is a b5-level first-in/first-out
(FIFO) stack with a stack pointer pointing to the top
address. Return address inputs and outputs of this stack
are performed by push and pop operations from the sequencer
instructions. A push operation increments the stack
pointer and pushes an address from the microprogram counter
to the top-of-stack. (Should the stack be full when an
address is pushed in, the current address at top-of-stack
is overwritten and lost.) A pop operation decrements the
stack pointer and pops the formerly current return address
from the top-of-stack. [Push operations are performed by
the CC, push conditional load (PCL) and conditional call 2
places (CC2) sequencer instructions. Pop operations are
performed by the DRL, conditional return (CR), conditional
jump and pop (CJP), loop on fail (LOOP) and TWB sequencer
instructions.]

Instruction/CC decoder

This functional block receives the sequence instruction
bits (SI0:3) and CC input that control other-than-standard
sequencing of microinstruction execution. Section 4.2.3.1
discusses the sixteen possible sequencer instruction input
from SI0:3. For information pertaining to the CC bit, see
Table 4-3.

With the SI0:3 and CC inputs, the instruction/CC decoder
outputs the sequence control signals to numerous points
throughout the microprogram sequencer to effect sequence
control.

Output MUX

Depending on the sequencer instruction received via SI0:3,
the output MUX selects an address from one of four sources:

1. BRA0:9 (direct data)
2. Address Register

3. Stack

4. Microprogram Counter

For specific source inputs, see the 1list of sequencer
instructions in Table 4-8.
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4.2.3.1 Sequencer Instructions from SI0:3

Sequencer instructions are input to the microprogram sequencer
through four lines: SI0:3. (As discussed in Section 4.2.1.5,
S10:3 are part of the 56-bit microinstruction output from
control store PROM.) These four lines specify a hexadecimal
code for one of sixteen sequencer instructions.

Table 4-8 lists and describes these instructions. By briefly
scanning the descriptions in this table, you can see that a
conditional pass or fail test is used frequently to effect
various operations. A pass condition occurs when the CC input
is low; a fail condition occurs when CC input is high.
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TABLE 4-8.

1S10:3| INSTRUCTION NAME |
|VALUE| (MNEMONIC) |

SI0:3 INPUT TO MICROPROGRAM SEQUENCER

DESCRIPTION

0 | Jump-to-Zero |
(J2)

|

| |

| | |
| | |
| | |
| 1 | Conditional Call |
| | (cC) {
| | |
| | |
| | |
| | |
| | |
| | |
| 2 | Unconditional |
| | Jump (JT) |
| | |
| | |
| | |
| 3 | Conditional Jump |
l : Microcode (CJ) :
| | |
| | |
] | |
| | |
| 4 | Push, Conditional]|
| | Load (PCL) |
| | |
| | |
] | |
| | |
| | |
| | |
| 5 | Conditional Call,|
| | 2 Places (CC2) |
] | |
| | ]
| | |
| | i
| | |
| | |
| | |
| | |
| 6 | Conditional Jump |
| | Map (CMAP) |
| | |
| | |
| | |
| | |
I 7 | Conditional Jump, |
| | 2 Places (CJ2) |
| | |
| | |
i | |
| | |
| | |
| | |
| 8 | Decrement, Repeat|
| | Loop (DRL) |
| | |
| | |

4-22

Used at power-up or initialization. As a result of this
instruction, the address of the next microinstruction is
zero, and the stack pointer resets to zero.

The microprogram counter now holds an address value of 0.

A conditional call to a subroutine, depending on whether
a condition passes or fails. If the condition passes,
contents of the microprogram counter are pushed onto the
stack, and the microinstruction addressed by BRA0O:9 is
executed by the IDC logic. If the condition fails,

the next sequential instruction from the microprogram
counter is executed by the IDC logic.

As a result of this instruction, the microinstruction
addressed by BRAO:9 is executed, and the microprogram
counter is loaded with the BRA0:9 address plus one.

A conditional jump or branch in microinstruction
execution, depending on whether a condition passes or
fails. 1If the condition passes, the microinstruction
addressed by BRAO:9 is executed. If the condition fails,
the next sequential instruction from the microprogram
counter is executed.

Used primarily to set—-up loop execution. It causes the
contents of the microprogram counter to be pushed onto the
stack. Then the condition is tested to determine if the
down counter is to be loaded. If the condition passes,
BRAO:9 contents are loaded into the down counter to becomel
the count wvalue. 1If the condition fails, the down counter|
is not loaded.

|

A conditional call to one of two subroutines, depending on|
whether a condition passes or fails. After the contents |
of the microprogram counter are pushed into the stack, the|
condition is tested. 1If it passes, the subroutine
addressed by BRA0O:9 is executed, i.e.; the output MUX
selects the BRAO:9 address. If the condition fails, the
subroutine addressed by the address register is executed,
i.e.; the output MUX selects the output of the address
register.

|
|
|
|
|
|
]
I
|
|
|
|
|
]
|
An unconditional jump to the start of a new microprogram. |
!
]
!
|
!
|
!
|
|
!
|
|
|
|
|

A conditional jump or branch based on the input of BRA(O:7
from map PROM. The branch depends on a conditional test.
If it passes, the next microinstruction addressed by
BRAO:7 is executed. If it fails, the next sequential
instruction from the microprogram counter is executed.

A conditional jump or branch to one of two locations,
depending on the conditional test results. (This
instruction is like CC2 described above, but without a
stack push.) If the condition passes, the
microinstruction addressed by BRA0O:9 is executed. If it
fails, the microinstruction at the address held by the
address register is executed.

Repeats a microinstruction loop until down counter
contents equal zero. Stack contains the starting address
of the microinstruction loop. Before this instruction can
execute, the down counter must have been loaded with a
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|

| | !
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| ( |
| | |
| | |
| [ |
| | |
| | [
| | |
| | |
| | |
| A | Conditional |
| | Return (CR) |
| | |
| | |
| | |
| | |
[ | |
| | |
| | |
[ B | Conditional Jump |
] | and Pop (CJP) |
| | |
| | |
| | |
| | |
| € | Load Counter |
| | (LDCT) |
| | |
| | |
| D | Loop on Fail |
| | (LOOP) |
| | |
| | |
| | |
| | |
| E | No Operation |
| | (NOP) |
| | |
| | |
| | |
| F | Three-Way Branch |
| | (TWB) |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| i |
| | |
47-032 R23

TABLE 4-8.

SI0:3| INSTRUCTION NAME |
VALUE| (MNEMONIC) |

Decrement, Repea
Instruction (DRI

~rt

-equal zero, the down counter decrements and the BRAO:9

SI0:3 INPUT TO MICROPROGRAM SEQUENCER
(Continued)

—————— — - ——— (" 0 T T - T o " e T - T - - -~ - -

DESCRIPTION

value of one less than the wanted number of iterations.
Before each loop, the down counter contents are examined:
if contents do not equal zero, the down counter decrements
and the address at top-of-stack executes; or, if contents
equal zero, the stack pops and the next sequential
instruction from the microprogram counter executes.

Repeats execution of a microinstruction until the down
counter contents equal zero. BRAO0:9 contain the address
of the microinstruction to be repeatedly executed. Before
this instruction can execute, the down counter must have
been loaded with a value of one less than the wanted
number of iterations. Before each repetitive execution,
down counter contents are examined: if contents do not

address executes; if contents equal zero, the next
sequential instruction from the microprogram counter
executes.

A conditional return from a subroutine to the
microinstruction following the call to that subroutine.
The return depends on a pass or fail condition. If the
condition passes, the microinstruction given by the stack
Address is executed. If it fails, the next sequential
instruction of the subroutine loop is executed, i.e.; the
output MUX takes the microinstruction address from the
microprogram counter.

A conditional loop termination with stack maintenance,
depending on conditional testing. If the test passes, the
stack pops and the microinstruction addressed by BRA0:S
executes. If it fails, the next sequential
microinstruction from the microprogram counter executes.

Loads the down counter with a count from BRA0:9 for
subsequent loop iteration. It then executes the next
sequential microinstruction from the microprogram counter.

Causes a loop to be executed for failure of a conditional
test. That is, if the test fails, the microinstruction
addressed by the contents of stack is executed. If the
test passes, the stack pops and the microinstruction
addressed by the microprogram counter executes.

A default instruction resulting in an increment of the
microprogram counter contents and the execution of the
next sequential microinstruction from the microprogram
counter.

A conditional loop instruction that permits a branch to
three possible microinstructions. Before TWB executes,
the down counter is loaded with a count value, and the
stack has a branch address pushed in. During TWB
execution, the down counter value decrements by one and a
conditional test occurs. If the test passes, the next
sequential microinstruction addressed from the
microprogram counter executes; the stack then pops. If
the test fails, the down counter contents are examined:
if contents do not equal zero, the microinstruction
addressed by BRAO:9 executes and the stack pops.



4.2.4 Intelligent Disk Controller (IDC) Operational Cycle

The IDC is a sequential state machine with a 16MHz clock as the
basic timing signal. All other timing signals are either
divisions of the 16MHz clock or summations of divisions. See the
IDC schematics (sheet 19, grid coordinates B and 2). This sheet
shows the 16MHz oscillator of the 1IDC. Output from this
oscillator is the 0OSC signal from which the other clock signals,
also shown on sheet 19, are derived. For brief descriptions of
the clock signals shown on this sheet, see the table of mnemonics
in Appendix A.

An IDC operational cycle is 375ns, made up of six negative-going
clock phases of 62.5ns. Figure 4-3 illustrates this basic system
timing. The following sections describe the 1IDC operations
occurring for the operational phases of the IDC cycle.

4.2.4.1 Intelligent Disk Controller (IDC) Instruction Decoding
Phase (CLK1l)

At the falling edge of CLK1l, the microprocessor (the two 4-Bit
slice microprocessors) and the microprogram sequencer clock—-in
their respective fields of the 56-bit microinstruction. More
specifically, the microprocessor clocks-in the ALU instructions
from I0:8, and the microprogram sequencer clocks-in the sequencer
instructions from SI0:3. At the rising edge of CLK1l, instruction
decoding finishes. (Although there appears to be a conflict in
the figure between the active CLKl and the direct memory access
(DMA) bus low phases, internal decoding times associated with
these phases absorb the contention.)

4.2.4.2 1Intelligent Disk Controller (IDC) Instruction Cycle

As shown in Figure 4-3, the IDC instruction cycle consists of
three phases:

1. Interal IDC Operation
2. DMA Bus High
3. DMA Bus Low

The following Items discuss these phases of the instruction
cycle.
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Figure 4-3 IDC Operational Cycle

1. InternaI.IDC Operation

This phase, occurring during CLK23 (summation of CLK2 and
CLK3), encompasscs IDC operations not directly related with
a DMA transfer. During CLK23, the IDC RAM circuitry may be
written or read with disk data. Also during CLK23, BDIOO:5
functions are active. These functions control the source
and destination of BD0:7 data and provide numerous control
signals.
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NOTE

As shown in Table 4-2, under the MODE column,
each bus function is a read, a write or a
strobe. A read signifies a data source; a
write, a destination; and a strobe, a control
signal.

The BD0:7 bus source, as determined by BDIOO:5, can be the
serial~to-parallel converter, the general-purpose data
register, etc., as illustrated in Figure 3-6. During CLK23,
the selected source data goes to the
microprocessor/sequencer circuitry or to the RAM. The
internal destinations and control strobes are active during
CLK3. A destination can be the RAM address counter, the
disk data bus, the disk control tag or DMA circuitry. If
the BDIOO:5 function 1is a strobe, it performs one of the
numerous control functions listed in Table 4-2.

DMA Bus High, and

DMA Bus Low

All DMA transfer 1is 1in halfword mode. Therefore, to
transfer a halfword to/from the SELCH/MUX bus, two accesses
with the IDC RAM circuitry are required: one access writes
or reads the more significant (high) byte to or from RAM,
and the other access writes or reads the 1less significant
(low) byte to or from RAM.

If the DMA transfer is to the 1IDC, the 1IDC 1lines DO00:15
receive a halfword <from SELCH. IDC then stores this
halfword into the DMA data register. (See Figure 3-6.)
Thus, during CLK45 (sum of CLK4 and CLK5 phases), the high
byte of data from the DMA data register is written to RAM.
And, during CLK61 (sum of CLK6 and CLKl phases), the low
byte of data from the DMA data register is written to RAM.

If the DMA transfer is from the IDC, then the IDC lines
D00:15 send a halfword of data to SELCH. As above, this
data is first stored in the DMA data register. Thus, during
CLK45 and CLK61l respectively, the high and low bytes of data
are read to the DMA data register from RAM.

As evident from the preceding paragraphs, the 1IDC can
simultaneously perform instruction execution and DMA
transfer during one 375ns operational cycle. In addition,
during the internal IDC operational phase, the IDC can write
or read a byte of data to or from a disk file. Consequently
a DMA transfer to or from a disk £file, wvia the IDC
controller logic, does not need IDC microprogram
intervention until the transfer ends. Stated in broader
terms, one sector of data can be written to or read from a
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disk file while, at the same time, a sector of data is
transferred to or from the SELCH. During these simultaneous
transfers, the microprocessor controller 1logic checks for
track boundaries and DMA statuses.

4.2.5 Microprocessor/Sequencer Operation

At the start of an IDC operational cycle, with CLK6 going high,
the ALU instructions on I0:8 and the sequencer instructions on
SI0:3 are latched, respectively, into the microprocessor and the
microprogram sequencer. Concurrent with the latching of these
inputs, the next 56-bit microinstruction is latched into the
pipeline register.

The I1I0:8 and SIO:3 instructions decoded during the CLK1l phase are
executed during the CLK23 phase. Also during CLK23, BDIOO:5
contain a value whenever a microinstruction requires bus data
I/0. When a data transfer from the microprocessor onto BD0:7 is
required, BDIO0:5 determines either a source or a destination,
but not both. See Table 4-2, If BDIOO:5 determine a data source
(read mode), the destination is the IDC RAM or the A/B registers
of the ALU. 1If BDIO0:5 determine a destination (write mode), the
source is RAM, the ALU or the map PROM. Instead of determining
a source read or a destination write, BDIO0O:5 can specify a
control strobe.

The actual microinstruction latched into the Pipeline Register,
as discussed in Section 4.2.3, depends on the CC and SI0:3 inputs
and, depending on the particular sequencer instruction from
SI0:3, the BRAO:9 input. These inputs alter the normal sequence
of microinstruction execution. Normally, microinstructions are
executed from sequential PROM locations unless the CC and SIO0:3
inputs determine a branch address.

The following items present three examples of typical
microprocessor/sequencer operation.
1. Example 1
Objective:
Illustrate ALU-RAM interaction by adding the contents of an

IDC RAM location to the contents of a microprocessor
B-register. '
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Initial Conditions:

a. I0:8 contain a value of 502. From Tables 4-4 through
4-7 and Figure 4-1. A0l:31 specifies register 4; B01l:31
specifies register 4.

® 5 denotes an R-MUX source of 1BD0:7 and an S-MUX
source of A-latch, which specifies MicroRAM
register 4.

e 0 denotes an ADD function of R-MUX input and S-MUX
input.

e 3 denotes an output over BD0:7 and a 1load of the
same output to a MicroRAM B-register.

b. RAM0:7 specify RAM address 87, the contents of which are
to be added to B-register 4.

c. SI0:3 contain a value of X'E' for NOP.
d. BDIOO:5 contain a value of X'00' for NOP.

e. BRA0O:9 has no address.

Operational Sequence:

1. During CLKl, the microprocessor decodes I0:8.

2. During CLK23, these RAM controls are asserted: RAM page
address bits (PAGEl13,23) and RAM chip enable (CENB).
These assertions result in the contents of RAM location
87 being read into BD0:7 as LBD0:7 input to the
microprocessor.

3. During CLK23, according to the I0:8 value of 503, the
microprocessor adds LBDO:7 input data to B-register 4.

Example 2

Objective:

Illustrate how the microprocessor/sequencer circuitry

performs a branch within the microprogram.

Initial Conditions:

a. I0:8 has a value of 001l. From Tables 4-4 through 4-7
and Figure 4-1:
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Ce.

d.

e 0 denotes an R-MUX source of A-latch and an S-MUX
source of B-latch.

e 0 denotes an ADD function of R-MUX input and S-MUX
input. ’

e 1 denotes only an output onto BD0:7 from the ALU
should POE be active.

POE input is inactive, inhibiting BD0:7 output from the
ALU. Hence, the I0:8 instruction is effectively a NOP.

SI0:3 has a value of X'3' for a conditional jump (CJ).

BRAO:9 specify PROM address 34 as the branch address for
the conditional jump.

CC is low to indicate a pass condition for RSEL.

Operational Sequence:

1.
2.

During CLKl, I0:8 and SI0:3 are decoded.

During the entire instruction cycle, RSEL is active
(i.e.; CC is enabled with a low) and BRAO:9 specifies
the address.

During CLK23, the microprogram sequencer sees an enabled
CC input and executes the SI0:3 input. The resulting
10-bit address output from the microprogram sequencer
causes a PROM microprogram branch to address 34.

3. Example 3

Objective:

Illustrate how BDIOO:5 lines put data onto the BD0:7 bus and
into a MicroRAM B-register.

Initial Conditions:

a.

b.

BDIOO:5 has a value of X'0OA' for an EDS signal to enable
disk status.

10:8 has a value of 543. From Tables 4-4 through 4-7
and Figure 4-1, A0l:31 specifies register 3; B01:31
specifies register 3.
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® 5 denotes an R-MUX source of LBD0:7 and an S-MUX
source of A-latch, which specifies ALU register 3.

® 4 denotes an AND function of R-MUX input and S-MUX
input.

® 3 denotes a load function of the resulting F0:F3 to
a MicroRAM B-register.

c. SI0:3 have a value of X'E' for a NOP.
d. RAMO:7 have no address.

e. BRAO:9 have no address.

Operational Sequence:

1. During CLKl, the microprocessor decodes ALU instruction
543.

2. During CLK23, the BDIOO0:5 function of EDS causes the
contents of the disk file status register to be output

onto BDO:7 and to be input to the microprocessor
through LBDO:7.

3. During CLK23, execution of the ALU instruction ANDs two
values: the disk status input from LBD0O:7 and the
contents of A-register 3. The ANDed value is then
stored into MicroRAM B-register 3.

4.3 SELECTOR CHANNEL (SELCH)/MULTIPLEXOR (MUX) BUS INTERFACE

This portion of the IDC board interfaces the SELCH/MUX bus of a
Series-3200 Processor with the IDC controller logic. The bus
interface works with the microprocessor/sequencer logic in
generating the commands, data and control sequences necessary for
disk file 1I/0. I/0 through the SELCH/MUX bus 1is either
programmed or DMA. Section 4.3.1 discusses programmed I/0, and
Section 4.3.2 discusses DMA I/0. For supplemental information on
signal flow and mnemonics within these two sections, refer to the
IDC block diagram of Figure 3-6, the table of mnemonics of
Appendix A, and the 23 IDC schematic sheets.
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4.3.1 Programmed Input/Output (I/O)

The SELCH/MUX bus interface supports the standard addressing
functions:

e IDC or disk file address (ADRS)
® Receive acknowledgment (RACK)

As illustrated in Fiqgure 3-6, the IDC receives an ADRSO signal
into the control 1line receivers. The controller address/file
address compare and select circuitry uses ADRSO for the address
comparison and selection. If the address input through D08:15
pertains to this IDC or to an attached file, either equals
controller (=CONT) or equals file (=FILE) is output accordingly.
This output goes to the function encoding circuits discussed
later.

A received RACKO signal, if applicable to this IDC, results in
the bus interface gating the IDC address or a disk file address
to the processor. That is, the controller address (CA8:15) or
the file address (FA8:15) is input to the data MUX, where it is
gated and output to the processor via the data transceivers. If

this IDC has no interrupt pending, RACKO is passed on out as
TACKO.

In addition to the two addressing functions described above, the

SELCH/MUX bus interface supports the four standard bus 1/0
functions:

Status request (SR)
Output command (OC)
Data request (DR)

Data available (DA)

As illustrated in Fiqgure 3-6, the IDC receives an SRO, O0CO, DRO
or DAO signal into the control line receivers, where they are
output to the control line latches. The latched signal is then
output to the function encoding circuits, which also receive the
=CONT or =FILE input from the controller address/file address
compare and select circuitry. The encoding circuits AND the
received inputs to generate an encoded (octal) signal over the
IDC function 1lines (FUNCO:2). Table 4-9 lists the eight bus
functions associated with FUNCO:2.

The assertion of one of the FUNC0:2 functions enables the
register select (RSEL) signal from the function encoding
circuits. During the microprocessor/sequencer idle loop,
microcode monitors RSEL. On finding RSEL enabled, the microcode
acts on the encoded function, along with any associated input
data, and performs the necessary operations. Afterwards,
microcode responds with a controller sync (CONTSYNC) or file sync
(FILESYNC) to indicate successful completion of the received bus
I/0 function.
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TABLE 4-9. FUNCO:2 VALUES FOR ENCODED MUX BUS FUNCTIONS*

- — - — ————— G ———— . S — - —— - —— S G G W e W W ——

| FUNCO:2 | FUNCTION | FUNCTION |
| VALUE | MNEMONIC | NAME |
e T T Iior 1 1ate controller Data Request =
: 1 1 ILDA { Idle Controller Data Available =
1 2 = ILSR : Idle Controller Status Request I
: 3 : CLOC : Controller Latched Output Command :
I 4 : FLDR : File Data Request :
: 5 : FLDA : File Data Available :
} 6 { FLSR I File Status Request :
{ 7 : FLOC : File Output Command I

* FUNCO:2 output is an octal value corresponding to one of the
eight functions. (FUNC2 1is the most significant bit.) See
Appendix A for further description of the specified mnemonics.

Three of the bus functions SRO, DRO and RACKO require the IDC to
respond with output data to the processor. MUX control bits
(MUX13,23) select the particular register whose contents are to
be transferred through the data transceivers. (See Appendix A
for a description of these bits.) The enable MUX Output (EBLOUT)
signal goes active to transmit this data. However, to ensure
sufficient time for the register contents to be propagated
through the data MUX, EBLOUT goes active 50ns after MUX13,23.
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4.3.2 Direct Memory Access (DMA) Input/Output (I/0)

Microprocessor/sequencer microcode initiates DMA I/O, a halfword
transfer, by generating DMA start (DMASTRT). If the transfer is

a read operation from IDC to SELCH, IDC RAM circuits are read in
two sequences: :

1. Load high byte (LDHIBYT) loads the more significant RAM byte
into the DMA register (chip 6F, sheet 5).

2. Load low byte (LDLOBYT) loads the less significant RAM byte
into the other DMA register (chip 5F, sheet 5).

Once the RAM halfword is at the DMA registers, SELCH transfer
(SELCHXFR) starts the DMA transfer over the SELCH/MUX bus.

If the transfer is a write operation from SELCH to IDC, the
SELCHXFR signal first causes the received halfword to be loaded
into the DMA registers (Chips 7J and 5J, sheet 5). Then:

1. Read high byte (RDHIBYT) loads the more significant SELCH
byte into RAM.

2. Read low byte (RDLOBYT) loads the 1less significant SELCH
byte into RAM.

Proper synchronization between SELCH and IDC for I/0 is
established by two DMA transfer flip-flops (chip 17J, sheet 7).
During the read operation from RAM to SELCH, these flip-flops
ensure the sequential activation of the RAM and DMA transfer
controls, as follows: RAMXFR, DMAXFR, RAMXFR, .... The 1less
significant 17J f£lip-flop is initially set high by IDC read
(READ) to establish this sequence. During the write operation
from SELCH to RAM, the flip-flops ensure the sequential
activation of the DMA and RAM transfer controls, as follows:
DMAXFR, RAMXFR, DMAXFR, .... The less significant 17J flip-flop
is initially set low by IDC write (WRITE) to establish this
sequence.

Before any disk file read/write operation, the processor performs
these operational steps to position the disk read/write heads to
the proper track and to select a specified sector:

1. Writes the specified cylinder number to the selected disk
file.

2. Issues a seek command to the selected disk file.

3. Writes the specific head number to the selected disk file.
4. 1Issues a set head command to the selected disk file.

5. Writes the starting sector number to the IDC.

See Section 4.4 for further discussion of the above operations.
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Sections 4.3.2.1 and 4.3.2.2 futher discuss the DMA read and
write operations.

4.3.2.1 Direct Memory Access (DMA) Read Operation

Steps 1-10 below present the sequence of operations occurring
with a DMA read, i.e.; a read of a data sector from a disk file
via IDC to SELCH. Figure 4-4 shows the timing signals involved
with a DMA read operation; see Appendix A for further description
of the mnemonics there.

l. 1IDC receives a read command (a CMD0 function along with
associated input data) from the processor. IDC then reads
a previously specified sector into RAM page 1.

2. IDC receives a SELCH DRO function.

3. Microprocessor/sequencer microcode then asserts DMA Start
(DMASTRT) .

4. DMASTRT assertion sets the DMA go (DMAGO) flip-flop and
line, and resets the last word (LASTWRD) flip-flop. DMAGO
starts the DMA transfer from RAM (i.e.; RAMXFR goes active).

5. The delayed DMA go (DDMAGO) line ensures that the two bytes
read from RAM are stored in the DMA registers before being
transferred to SELCH. During the RAMXFR operation, LDHIBYT
loads the even RAM location of one byte to the DMA register;
LDLOBYT 1loads the odd RAM location of one byte to the other
DMA register.

6. To start the transfer to SELCH, provided a DR 1is asserted
from SELCH, these signals go active: SELCHXFR, DMAXFR and
XFERSYNCH. RAMXFR goes inactive.

7. A sync return (SYN) is output to SELCH after successful
completion of the SELCH DR function.

8. SELCHXFR remains asserted after the SYN output to prevent
another DMA operation, just yet, for another SELCH DRO
reception. XFRSYNCH, DMAXFR and SYN go inactive.

9. Transfer done (XFRDONE) is asserted once the 1IDC completes
another RAM transfer, inactivating SELCHXFR.

10. RAM transfer repeats, starting at step 6 above, for each
additional SELCH DRO function received.
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Switching among RAM pages 1-3 during a DMA read operation is
enabled with an active maximum sector count (MAXADD). MAXADD
indicates that all 256 bytes of the current RAM page have been
read. Once MAXADD is active, another RAMXFR operation occurs to
transfer the last halfword from the current RAM page to the DMA
registers. Then LASTWRD goes active, and a final DMAXFR occurs.
Once this final halfword is transferred from the DMA registers,
DMAGO resets. Additional pages read from the disk file are
transferred in the identical manner as discussed above.

A DMA read operation ends normally by an active partial transfer
(PARTIAL). PARTIAL indicates nonreception of a SELCH DRO for 3
microseconds (ps). More specifically, if the IDC receives no DRO
from SELCH for 3 pus during a DMA read operation, PARTIAL is
asserted. Its assertion indicates a termination of SELCH
transfer.

4.3.2.2 Direct Memory Access (DMA) Write Operation

Steps 1-10 below present the sequence of operations occurring
with a DMA write, i.e.; a write of a data sector to a disk file
via IDC. Figure 4-5 shows the timing signals involved with a DMA
write operation; see Appendix A for further description of the
mnemonics.

1. IDC receives a write command (CMDO function with associated
data) from the processor.

2. IDC receives a SELCH DAO function.
3. Microprocessor/sequencer microcode then asserts DMASTRT.

4. Step 3 sets DMAGO and resets LASTWRD. Activating DMAGO
starts the DMA transfer from SELCH; i.e.; SELCHXFR, DMAXFR
and XFRSYNCH go active.

5. Transfer sync (XFRSYNCH) clocks SELCH DMA data into the DMA
registers.

6. A SYN is output to SELCH after successful completion of the
SELCH DA function.

7. RAMXFR goes high: LDHIBYT loads the more significant byte
of DMA data into the even RAM location; LDLOBYT loads the
less significant byte of DMA data into the odd RAM location.

8. SELCHXFR remains asserted after the SYN output to prevent
another DMA operation, 3just yet, for another SELCH DAO
reception. XFRSYNCH, DMAXFR and SYN go inactive.

9, XFRDONE activates, clearing SELCHXFR once both bytes are
written into RAM.

10. DMA transfer repeats, starting from step 5, for each
subsequently received SELCH DAO function.
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Switching among RAM pages 1-3 during a DMA write operation is
enabled with an active MAXADD, which indicates that 256 bytes
have been written to the current RAM page. Once MAXADD is
active, another RAMXFR operation occurs to transfer the last
halfword from the DMA register to RAM. This final transfer
activates LASTWRD to stop the DMA. LASTWRD gated with WRITE
inactivates DMAGO. Additional pages read from the DMA registers
are transferred in an identical manner.

A DMA write operation ends normally by an active PARTIAL, which
indicates nonreception of a SELCH DAO for 3 gs. That is, if the
IDC receives no DAO from SELCH for 3 us during a DMA write
operation, PARTIAL is asserted. Its assertion indicates a
termination of SELCH transfer.

4.4 DISK FILE INTERFACE

This portion of the IDC board intefaces disk files with the 1IDC
controller logic. Specifically, it works with the
microprocessor/sequencer logic to generate necessary control
sequences, data and error correction code (ECC). Sections 4.4.1
through 4.4.6 discuss the major operational areas required for
disk file 1I/0. Figure 4-6 ©presents timing signals for the
various control and address lines discussed in these sections.
For supplemental descriptions, see Appendix A.

4.4.1 Unit Selection

The first operation the interface must perform is disk file
selection. To do this, the microcode places the unit select
number (from RAM page 0) onto BD0:7. From BDO:7, the
microcode-generated select pulse (SEL) loads the unit select
number into the disk file number flip-flop (chip 23, sheet 17).
The dual 1line driver (chip 18A, sheet 17) puts the disk file
number onto the A-cable unit select 1lines (USELO,USELl). Next
the microcode generates a unit select tag (USTAG). To do this,
the microcode generates BDIOO:5 output specifying a load control
tag (LDCT) function; see Table 4-2. To ensure proper disk file
selection, the microcode issues a BDIO0:5 specifying an enable
drive select (ESE) function. This ESE latches the unit selected
tag (USELO:3) and enables it as disk file selected (SEL0:3) onto
BD0:7. Finally, the microcode compares SELO:3 with the actual
driver select bits 13 and 23 (DRV13,23) value. They should match
to indicate proper selection.

4-38 47-032 R23



032-18

SCTY/SCTZ

SELECT-CYLINDER T

SHTY/SHTZ
(SELECT-HEAD TAG)

—

MOVE TO TRACK 100

«—1.0usTO 0.6 ms
—————1.0us MIN

SELECTHD 4

CTY/CTZ
(CONTROL TAG)

RTZ

B09

NN
T

N
>

B08

BO7

0.2 us MIN-§»,

B06

h—O.ZusMN

B05

'S

B04

B03

B02

BO1

B0O

$¢
—»| [4’—120 ns MAX

%‘120 ns MAX

ONCYLO AND SKEND01:31"*

CTY/CTZ (CONTROL TAG)

L—!

CARRIAGE OFFSET

_—

B02 OR B03

L

ONCYLO AND SKENDO1:31 *

SCTY/SCTZ

{SELECT-CYLINDER TAG)

ONCYLO AND SKENDO01:31 *

~—| 4120 ns MAX > @170 ns MAX

—] ———T1 (Eﬁ) msNOM, — T1 (3.0 ms NOM,

5.0 ms MAX) 5.0 ms MAX)
I ZERO TRACK SEEK
| |a- 120 ns MAX
—» F— T2 (450 us NOM)
*SIGNALS ARE IDENTICAL UNLESS SKER1 OCCURS.
Figure 4-6 Tag and Bus Timing
4-39

47-032 R23




4.4.2 Selecting Disk File Cylinder and Head

The next operation in any read or write operation is to correctly
position the disk file heads to the correct head and cylinder
address. To position the heads, the microcode issues two BDIOO:5
outputs: the first specifies a load disk data bus (LDCB); the
second specifies an LDCT. The LDCB 1loads the head address,
latched in the 1load disk bus register (chip 15E, sheet 14), to
BD0O:7 and transmits it over the A-cable. The LDCT sends a
select-head tag (SHT), latched in the 1load disk control tag
register (chip 16E, sheet 15), to BD0:7 and transmits it over the
A-cable.

Likewise, to select the particular cylinder, microcode issues a
BDIO0:5 specifying an LDCB and another BDIOO:5 specifying an LDCT
for the select <cylinder tag (SCT). See Table 4-2. Since
cylinder selection may take up to 65ms, the IDC goes idle once
the SCT is issued. The IDC 1is then free to perform another
command if the processor should issue one. While in the idle
state, the ALU checks for a seek end (SKEND) from any disk file
with the SHT in progress. 7o do this, the microcode issues a
BDIOO:5 enable seek end (ESE) and loads SKEND onto BD0:7 via the
selected seek-end register (chip 16C, sheet 15).

4.4.3 Disk File Status Check

When the processor requests a disk file status check, the IDC
first ensures the particular disk file is currently selected. If
that file 1is not selected, IDC selects it. The status of the
disk file is latched by BDIOO0:5 enable disk status (EDS) and put
onto BD0:7 via the enable disk status register (chip 15C, sheet
14). The IDC then maps these status bits into the corresponding
status bits for the Series-3200 Processor.

4.4.4 Decoding Index and Sector Pulses

During various read/write operations, the IDC must decode index
(INX) and sector (SECT) pulses. INX pulses received from the
B-cable are multiplexed into the disk drive index pulse (INDEX)
via the selected index MUX {(chip 12A, sheet 16), depending on the
selected disk file. The SECT pulses from the B-cable are
multiplexed into the Sector pulse (SECTOR) via the selected
sector MUX (chip 12A, sheet 17), according to the selected drive.
INDEX and SECTOR are output onto BDO:7 under microprogram control
via the enabled disk status register (chip 15C, sheet 14) and
disk status clear and enable (DCL).
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4.4.5 Disk File Read Data Path

Once disk file heads are positioned over the data field of the
sector to be read, microcode activates the read gate (RGATE).
Then, read data (RDAT) and read clock (RCLK) from the selected
disk file are received through the B-cable. Data read from the
disk is selected by the 8-to-1 MUX (chip 9A, sheet 16), emerging
as read/write clock (RWCLK).

SDATA is clocked into the serial-to-parallel converter (chips 14K
and 15K, sheet 18) by RWCLK. When a sync word is detected here,
SYNC goes active to enable the byte synchronizer (chip 22R, sheet
7) to generate data register ready (IPRDY). IPRDY indicates the
serial-to-parallel converter contains two bytes of data to be
written to IDC RAM. Microcode, which monitors IPRDY, then
generates XFERHI and XFERLO to enable the 1less significant and
more significant byte of read data to be transferred over BD0:7
to the IDC RAM. This halfword transfer occurs repeatedly until
a full sector of 256 bytes are read. The same serial data is
also fed to the ECC circuitry (sheet 11) as read serial disk Data
(RSRO) for accumulation and comparison.

4.4.6 Disk File Write Data Path

When the heads are positioned over the data field of the sector
to be written, microcode turns on the write gate (WGATE). At
this time, the microcode will have filled the parallel-to-serial
converter (chips 14J and 15J, sheet 18) with the first two bytes
of RAM data to be written to the sector. To fill the
parallel-to-serial converter with a halfword, microcode issues a
BDIOO:5 transfer 1low byte (XFERLO) and transfer high byte
(XFRHI). The 1less significant byte 1is loaded into the write
shift register (chip 14F, sheet 18) from BDO0:7. The more
significant byte is loaded into the other half of the write shift
register (chip 15F, sheet 18) from BDO:7.

The byte synchronizer (chip 22R, sheet 7) generates bit 151
inverted (09R08) to control the 1loading and shifting of the
parallel-to-serial converter. When O09R08 is low and RWCLK jumps
to high, data from chips 14F and 15F are 1loaded into the
converter. When O9R08 is high and RWCLK jumps to high, data from
the converter is serially shifted. Thus, the serial-to-parallel
register is loaded by RWCLK and shifted for fifteen RWCLK
periods.
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Data emerges from the registers as write serial data (WSR) and
goes to the data 8-to-1 MUX (chip 9A, sheet 16). The asserted
WGATE signal causes this data to emerge as serial read data
(SDATA) . SDATA is fed into the shift register (chip 14K, sheet
18) and is shifted with RWCLK to produce RSRO. RSRO now goes to
the data/ECC selector (gate 18R0l, sheet 7), where it emerges as
WDATA to be sent to the selected disk file over the B-cable.
WDATA is also fed to the ECC Input (gate 16R04, sheet 11), where
it is used to form the ECC.

The parallel-to-serial halfword transfer repeats until 256 bytes
of data are written to the sector. Microcode then enables ECC
feedback bit 31 (ECC31), the output of the ECC registers, onto
the WDATA line. Consequently, the 32-bit ECC is appended to the
sector of write data.

4.5 ERROR CORRECTION CODE (ECC) CIRCUITRY

This circuitry, although part of the 1IDC controller 1logic of
Figure 3-6, is discussed here, after the disk file interface,
because of its logical association.

The ECC circuitry shown on Sheet 11 of the 1IDC shematic, uses
this formula to generate a 32-bit ECC:

X332 o+ X8 4+ x2 o+ X" +x2+1

During a write operation, the ECC circuitry appends the generated
ECC to the sector written to a selected disk file. During a read
operation, the ECC circuitry compares the generated ECC with the
ECC appended to the sector read from the selected disk. Whenever
a mismatch occurs during this comparison, the ECC error detection
bit (BITSR) becomes active (low).

The following operations occur for ECC generation during a disk
file write:

1. The ECC registers (sheet 11) are initialized by a shift of

32 0-bits from the phase lock oscillator (PLO) field of the
formatted disk media.

2. Microcode sets the accumulate ECC (ACCECC) signal.

3. Serial data (RSRO) to be written to a disk sector is fed
through the ECC registers. The first 1-bit input sets ECC
contents according to the above generation formula; i.e.;
the first 1-bit sets the 32nd, 23rd, 21st, 1lth and 2nd
flip-flops.

4. Each additional bit causes mixing, or accumulation.
5. Once the ECC registers accumulate the last bit of the sector
to be written, microcode asserts ECC Off (OFF) to place the

registers into the shift mode. Consequently, the ECC is
appended to the written sector.
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The following operations occur for ECC generation/comparison
during a disk file read:

l.

2.
3.

4.
5.

The ECC registers (sheet 11) are initialized by a shift of
32 0-bits from the PLO field of the formatted disk media.

Microcode sets the accumulate ECC (ACCECC) signal.

Serial data (RSRO) read from a disk sector is fed through
the ECC registers. ECC accumulation begins with the first
l-bit after the sector sync word. This bit sets ECC
contents according to the above generation formula.

Each additional bit causes mixing, or accumulation.

Once the ECC register accumulates the last bit of the read
sector, the ECC appended to that sector is compared to the
newly accumulated ECC. The comparison is accomplished by
shifting the 32-bit ECC into the ECC registers.

If the two ECCs match, BITSR remains inactive (high) and the
ECC registers contain only zeros. The current sector, just
loaded into IDC RAM, is enabled for DMA transfer.

If the two ECCs mismatch, indicating an ECC error, BITSR
goes active (low) and the ECC register contents are nonzero.

Microcode automatically rereads the same sector. If the

error persists, microcode implements ECC operation as
discussed below.

To internally correct an ECC error of 11 bits or less, the
microcode:

a. Generates BDIO0:5 load ECC low (ECCLO), which results
in ECC21:23 being read onto BD5:7 of the BD0:7 bus.
(See Table 4-2, BDIO0:5 value X'02'.) These three
syndrome bits, needed to perform the correction, are
stored in RAM.

b. Generates BDIOO:5 load ECC high (ECCHI), which results
in ECC24:31 being read on to BD0:7. (See Table 4-2,
BDIO0:5 value X'03'.) These eight syndrome bits,
needed to perform the correction, are also stored in
RAM.

c. Shifts the ECC register, still containing the syndrome
bits, 40,907 times to initialize it to the first bit
position of the read sector, which is now in the
current RAM page.

d. Shifts the ECC register one bit at a time up to 2,048
bit shifts. After each shift, microcode examines BITSR
for a low (error) setting:
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If BITSR is 1low, the microcode ORs the ECC21:31
syndrome bits with eleven bits in RAM, starting at the
same bit position. This operation implements the
correction. Execution now repeats from step (5).

If BITSR is not found as 1low throughout the 2,048
shifts, an additional 32 bit shifts are examined to see
if the error occured in the 32-bit ECC itself. 1If
BITSR equals low here, the error occurred in the ECC,
thus the data was read correctly; execution repeats
from step 5. However, if BITSR is still not found as
low, an uncorrectable ECC error exists. The 1IDC
controller status will be set to X'OB'. See the 1IDC
Programming Manual for further description of this
status.
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TABLE 4-5. MICROINSTRUCTION BITS I3:5 FOR ALU FUNCTIONS

| I3:5 VALUE | OCTAL | ALU | FUNCTION |
e | CODE | _ FUNCTION* | MNEMONIC |
| I5 | 14 | 13 | I | |
T T T e ees T
: 0 } 0 : { 1 { S-R (S minus R) : SUBR :
= 0 = 1 : 0 { 2 : R-S (R minus 8) } SUBS :
o j1 {11 3 | roms | ok |
1 1o jo | 4 | rRaws | ap |
= 1 : 0 : 1 { 5 : R AND S (not R and S) } NRS ‘
} 1 } 1 } 0 : 6 } R XOR S (R exclusive or S)= XOR :
: 1 } 1 : 1 : 7 : R XOR S (R exclusive nor S): XNOR :

——— W ) - — - — . Go W G W O W G G B SN GRS S W G S STV W S A e GRS GED R T NES M Gl SRS Y GEN GBS D MED MRS G IV T SR N G S G S S S S

* R and S respectively refer to the two input ports, R-MUX and
S-MUX, represented in Figure 4-1. Refer to Table 4-6 for I3:5
combinations with the I0:2 bits.

ALU Destination Selection with 16:8

I6:8 bits select the destination of the F0:3 output resulting
from ALU execution of bits I0:5. As illustrated in Figure 4-1,
ALU output goes to one or more destinations: the MicroRAM
circuitry, the Q-register circuitry and the Y-output MUX. And
depending on the value of 16:8, this output can be wup- or
down-shifted. Table 4-7 shows the destination control associated
with I6:8. With any value of I16:8, and with an active (low) POE
input, the Y-output MUX outputs the FO0:3 results over the
microprocessor bus BDO0:7.
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APPENDIX A
TABLE OF IDC MNEMONICS

The following pages contain the mnemonics found in the
intelligent disk controller (IDC) schematics of Appendix B and
discussed throughout Chapters 1 through 4 of this manual. The
SOURCE column in this table specifies the sheet number and grid
coordinates of the location for each mnemonic.
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MNEMONIC | SOURCE | NAME | COMMENT

ACCECC1

for synchronizing microprocessor data with serial
disk data.

|
|
: | 7C4 | Accumulate ECC | Allows ECC generation.
| | |
| ADRSO1 | 3B8 | IDC or Disk File Address | Input from the processor to select a device (IDC
| | | | or disk file) for an I/O operation. Data bits
: I | | D080:150 contain this address.
| | |
= ADRS1 } 3p8 ! Received ADRSO | Indicates an active ADRSO signal.
|
= ADRSYNO I 3N9 ; Address Sync | A sync return for address selection.
|
| AE/OEl | 814 | RAM Address Enable | Gates the address lines to the RAM. That is, it
| | | | selects the RAM address source: a high selects
| | | | RAMO:7 from the pipeline register, or a low
: : | | selects RAMO:7 from the RAM address counter.
| |
| ANYCRY1 | 13M1 | Carry into ALU | The carry generated from the previous ALU cycle
: : : | or the microcode.
|
: AR01:31 | 9H2 | ALU A-Register Selection Bits 0-3 | A01:31 before the pipeline register.
| | |
: ASERV000:30 ! 17D5 : Disk Drive Write Clocks 0-3 | Output to disk files.
|
| ATNOL | 343 | Attention | Output to the processor to signal an interrupt
: } = = pending.
| A01:31 | 942 | A-Register Address Bits 0-3 | A 4-bit binary value for selecting one of the ALU
: = I | registers as the source A-register.
|
| BAOEl | 13C9 | Inverted RAM Address Enable | AE/OEl inverted.
| | | |
| BDO1:71 | 12C6 | 8-Bit Microprocessor Data Bus | The main data path among the. functional blocks of
| | | | the IDC. It buses various data and control bytes.
| | | |
| BDIOO1:51 | 849 | Bus Data I/0 and Control Bits 0-5 | A 6-bit code that controls the source and
| | | | destination for BD0O:7 and provides numerous
| | | | control signals. See Table 4-2 for detailed
| | | | description.
| ] | |
: BITONO } 6Bl } Masked CC Bit : Masked condition-code bit of the disk file status.
| BIT151 | 7F3 | Carry Bit 15 | Carry bit from the serial-to-parallel converter
| | | i
| | ! |
| | | |
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MNEMONIC | SOURCE | NAME | COMMENT
BITSRO1 | 11L2 | ECC Error Detection Bit | A zero indicates a data read error.
| | |
BL : 6K8 { Reset SELCH Transfer } Terminates DMA transfer to/from SELCH.
BRAO1:91 | 10L6 | Branch Address Bits 0-9 | A 10-bit branch address to the microprogram
| ] | sequencer. When output from the pipeline
| i | register, BRA0:9 specify the location of the next
| | | microinstruction to branch to. BRA0:9 also load
| | | the microprogram sequencer with a count value for
| | | loop iteration. When output from the map PROM,
| | | BRAO:7 provide constant data or a branch address
| | | for a map jump.
| i |
BUSAOEOQ { 13D9 | LDR Counter RAM Address | Selects the LDR counter as the RAM address.
| |
BUSSWO0 | 6G3 | Bus Switch | Output to SELCH to indicate IDC support for the
| | | new high-speed SELCH protocol, with an 1/0 Bus
| | | Switch. Pins W1 and W3 on the 1IDC board should be
{ ! | strapped for this support.
| ,
BUSYAl,Bl | 14A6 | Differential Dual-Port Busy | Informs this IDC that a disk file has been
| | " | acquired by another IDC. (Applicable only to
| i | dual-port operation.)
| | | '
BUSY1 | 14D6 | Busy Signal | Received from disk file.
| | I
B0O0OY1,B00Z1 | 14M-,| Differential Data Bus Bits 0-10 | Output to disk files for control and address data.
thru | 15M~ | | B10Y1,B10Zl1 is a spare. These lines are altern-
B10Y1,B10Z1 | | | ately referred to as B00:10. See Tables 3-1
| | | and 3-2 for further description.
| | |
B01l:31 | 945 | B-Register Address Bits 0-3 | A 4-bit binary value for selecting one of the ALU
| | | registers as the source/destination B-register.
| i -
CARRY31 | 12C3 | Carry Bit 3 | Carry-out associated with the last operation
| | | of the less significant ALU slice.
| | |
CARRY71 | 12E3 | Carry Bit 7 | Carry-out associated with the last operation of
| | | the more significant ALU slice.
| | |
CA081:151 | 3C2- | Controller Address Bits 8-15 | IDC address (of this controller) to be sent as
| | |
| | 1
| I |

MD08:15 input to the data transceivers or to the
processor along with the SYNO signal.
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MNEMONIC | SOURCE | NAME | COMMENT
CBITO | 14J2 | Data Bit 0 | with CTAG3, it indicates an ongoing write
| | | operation to a disk file, i.e.; when both CTAG3
: | | and CBIT are high, a write is in progress.
] |
CBIT1 | 1432 | Data Bit 1 | with CTAG3, it indicates an ongoing read
| | | operation to disk file, i.e.; when both CTAG3
| = = and CBIT are high, a read is in progress.
|
CCLKO | 19D3 = Gated 10MHz Clock | Used to generate timing signals within the IDC.
| |
CCMUXP1 | 6D2 | CC MUX Output | The multiplexed condition code resulting from
: = | the disk file status.
|
CcCo | 12H1 | Condition Code | Indicates a pass or fail for one of eight
| | | conditions. The microprogram sequencer uses CC
! ! | for a next address calculation, like a
| | | conditional branch or return. See MA:MC.
| | |
CENBO | 12L8 | RAM Chip Enable | Enables RAM output onto BDO:7.
| | |
CINTCLRO | 10J3 | Internal Clear | Resets SECTOV, the watchdog timer, and various
| | | statuses of the IDC.
| | |
CINT1 | 4.6 | Controller Interrupt | Indicates the controller portion of the IDC is
| | | generating an interrupt to the processor.
| | |
CIN1 : 9IM9 : Carry-In | Microcode-generated carry input to the ALU.
|
CLK10:60 { 1932 | Clock Phases 1-6 | One of six 62.5ns phases of the 375ns IDC cycle.
| |
CLK12D0 | 19K3 | Delayed Clock Phase 1/2 | Delayed summation of CLK10 and CLK20.
| | |
CLK12345D1 | 19Gl | Delayed Clock Phase 1-5 | The clock phase feedback to the input stage of the
| | | clock generator to regenerate the other clock
| | | signals.
| | |
CLK150,151 | 19M2 | Clock Phase 1/5 | Summation of CLK10 and CLK50.
| | |
CLK230,231 : 19M3 { Clock Phase 2/3 | Summation of CLK20 and CLK30.
|
CLK34DO0 | 19K3 | Delayed Clock Phase 3/4 | Delayed summation of CLK30 and CLK40.
i | |
CLK450,451 | 19M3 | Clock Phase 4/5 | Summation of CLK40 and CLK50.
| | |
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MNEMONIC | SOURCE| NAME ]
CLK641 | 19K2 | Clock Phase 6/4 | Summation of CLK60 and CLK40.
] i - i
CLOCO | 3.6 | Controller Latched Output Command | Indicates a received CMDO signal from the
: | | processor, e.g.; read, write or format sector.
| |
CL0701 | 3B9 | Early Power Failure | Input from the processor to signal an imminent
l ] | power failure.
] |
CMDO1 | 334 | Command | Input from the processor to signal the presence
| | | of a command on data bits D080:150.
| i i
CNT1 | 8L6 | RAM Page Counter Enable | When high, it enables the RAM page counter to
] | | increment to the next page.
| | |
=CONT | 3E6 | Equals Controller | Indicates that the received controller address
| | | matches the address of this IDC. Also, it
| | | indicates that the FUNC0:2 bits apply to this
| | | selected IDC.
| | | ‘
CONTACKO | 4N5 | Controller Acknowledge | An acknowledgment from the processor for the
| | | controller address of this IDC.
| | |
CONTSEL1 | 3H6 | Controller Selected | Indicates the processor has selected the
| | | controller address of this IDC.
| | |
CONTSYNCO | 38 | Controller Sync Return | Indicates the IDC has properly accepted and
| | | responded to a control line signal.
I | |
CONO | 5M5 | Microcode Clear to Zero | Internally resets the IDC and causes the microcode
| : | to go to zero.
| |
CRSTO | 19F7 | Controller Reset | Either an EXTCLR or an OCRST.
] | ]
CTAG31 | 1538 | Control Tag 3 | Causes execution of the disk file function
| | | associated with the contents of B00:B09. See
| | | Table 3-1.
| | |
CTLOPTCL1 | 3F5 | Controller in Optional Protocol | See OPTPTCL1.
I | |
CTY1,21 | 15M- | Differential Control Tag | Output to disk files to indicate that bus lines
| | |
| | |

B00:09 are supplying a driver command.
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MNEMONIC | SOURCE | NAME |
DAR] | 7H7 | Data Available or Requested | Indicates a DAO or a DRO received from the SELCH
| | | during a DMA.
| | |
DATA001:07)1 | 5G2- | Data Bits 0-7 | More significant byte of DMA data to be sent to
| | | SELCH.
| | |
DATA081:151 | 5G5- | pData Bits 8-15 | Less significant byte of DMA data to be sent to
| | | SELCH.
| | |
DAO1 | 332 | Data Available | Input from processor or SELCH to inform the IDC of
| | | a write operation to the selected IDC or disk
i | | file. Data is available on data bits D000:150.
| | |
DAl | 3kK2 | DAO Received | Output resulting from a DAO input.
| | I
DCLO i SH7 | Disk Status Clear and Enabie i Ciears various counters and registers associated
| | | with the disk file interface.
| | |
DDMAGOO0,1 | 6C7 | Delayed DMA Go | A delayed DMAGO signal -- a one-buffer delay
| | | on a read operation.
| | |
DEO | 5K3 | Data Enable | Reads the map PROM register to BD0:7.
| I |
DLYSUS1 | 619 | Delay 3 Microseconds | Sets partial flip-flop if SELCHDARl is not
| | | received within 3us and if the partial counter
| | | is not enabled.
| | |
DLYSYNCO | 6M2 | Delayed Sync Return | Either the DMA sync signal to the SELCH (resulting
| 1 | from SELCHSYN) or the interrupt-acknowledgment
| | | signal (resulting from OURACKO) to the processor.
| | |
DMAGOO,1 | 6J6 | DMA Go | Indicates that the IDC is performing a DMA
| | | transfer to the SELCH.
| | |
DMASRO | 6H1 | DMA Status Request | A status request from the SELCH to this idle IDC.
v | | |
DMASTRTO | 5SM5 | DMA Start | Microcode bit to start DMA operation. It sets the
| | | DMAGO flip-flop and resets the LASTWRD flip-flop.
| | i
DMAXFR1 | 6s5 | DMA Transfer | Indicates an ongoing DMA transfer.
| | |
DMA130,230 | 12K8 | DMA Bits 13 and 23 { DMA RAM-page bits, encoded.
l l
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MNEMONIC | SOURCE | NAME | COMMENT
DRV131:231 | 17K4 | Drive Select Bits 13 and 23 | T™wo binary bits to select one of four disk files.
| | |
DRO1 | 332 | Data Request | Input from procesor or SELCH to inform the IDC of
| | | a read operation from the selected IDC or disk
] | | file. Data is requested from D000:150.
] | |
DR1 } 3K1 I DRO Received | Output resulting from DRO input.
: |
DSBCRY0 | 1371 = Disable Carry = Clears CARRY7.
|
D000:150 | 4E- | Data Bits 0-15 | 1/0 consisting of data, an address, a command or
| | | a status.
] | |
D001:151 | 4E- | Received-Data Bits 0-15 | Output corresponding to D000:150 for received data
| | | from the SELCH/MUX bus.
| | ]
EBLD01:41 |- 537 | Enable-Decoder Bits 0-4 | Select one of the five BDIO decoders (the 3-8
: | | decoders).
| |
EBLOUTO | 4G3 | Enable MUX Output | Enables MUX bus data output, i.e.; sets the
| : | transceiver mode to transmit or receive.
| |
EBLPRTL1 | 689 | Enable Partial | Enables the partial counter to determine if a
: I = partial DMA has occurred.
EBLTCLKO | 14D%9 | Enable Clock | Can be used in an IDC developmental system to
; { { disable the 16MHz clock and to enable TSTCLK.
ECCCLK1 | 7M3 | ECC Clock ] Clock to ECC circuitry for generating correction
| | | code.
| | |
ECCHIO | 583 | Load ECC High | Indicates the more significant byte of the ECC
| I | syndrome is loaded onto BDO:7. Specifically, it
| | | reads ECC24:31 to BDO:7.
| ] |
ECCLOO | 583 | Load ECC Low | Indicates the less significant byte of the ECC
| | | syndrome is loaded onto BDO:7. Specifically, it
| ] | reads ECC21:23 to BDS5:7.
| | |
ECC001:311 | 11- | ECC Output Bits 0-21 | The 32 bits of the ECC generator.
I | |
ECC311 I 1126 | ECC Feedback Bit 31 |
| |

The 32nd bit of ECC fed back into ECC circuitry.
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MNEMONIC | SOURCE | NAME | COMMENT

EDSO | 5K5 | Enable Disk Status | Indicates that the disk file status register is
{ | | loaded onto BDO:7.

| |

EOXFR1 | 6R4 | End of Transfer | Inverted PARTIALO input.
| | |

ESEQ | 585 | Enable Seek End and Drive Select | Indicates that the seek-end/drive-select register
| | | is loaded onto BDO:7.
| | |

ESTBRAO | 5k6 | Establish Branch Address | Enables disk status into the condition code MUX.
I | |

EXTCLK1 | 19C4 | External Clock | A test clock signal associated with TSTCLKO.
| I |

EXTCLRO | 3H7 | External Clear | An externally generated IDC reset resulting from
| | | the ORing of three signals: TESTCLRO, SCLRO and
! ! | cLo7o.

] ] |

FAULTALl,Bl | 14Al1 | Differential Fault | Input indicating a fault condition at a disk file.
| I |

FAULT1 | 14D2 | Disk Drive Pault | Indicates that the selected disk file is
| | | experiencing a fault condition.
| | |

FA081:151 | 3Gl | File Address Bits 8-15 | File address to be sent as MD081:151 input to the
| | | Data Transceivers, or to be sent to the processor
; | | along with the sync signal SYNO.

| |

FILEACKO | 4N6 | File Address Acknowledge | An acknowledgment from the processor for one of
| { : the disk file addresses of this IDC.
|

FILESEL1 | 337 | File Selected | Indicates the processor has selected one of the
= I : disk file addresses of this IDC.

FILESYNCO | 3L9 | File Sync Return | Indicates that an attached disk file has properly
| | ; accepted and responded to a control line signal.
| |

=FILEl | 3F6 | Equals File | Indicates that the received file address matches
| | | the address of a disk file at the IDC. It also
| | | indicates that the FUNCO:2 bits apply to a
| | | selected disk file.
| | |

FILE130,131 | 3H8- | File Address Bits 13 and 23 | Two binary bits with one of the four disk file

and | | | addresses (0-3).

FILE230,231 | : |

| |
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MNEMONIC

picks and holds the power sequencing capability
for disk files in the remote mode. When the
processor is turned on, IDC logic applies a

ground to these lines to sequentially power-up the

| SOURCE | NAME | COMMENT |
== - I
FPINT1 | 4L6 | File Interrupt | Indicates a disk file is generating an interrupt |
| | | to the processor. !
| | i |
FLDAO | 3L7 | File Data Available | Indicates a disk file received a DAO signal from |
| | | the processor. The data available is the cylinder|
| | | or head address of the currently selected disk |
= | | file. =
] |
FLDRO | 3L7 | File Data Request | Indicates a disk file received a DRO signal from |
| | | the processor. Consequently, the disk file |
| returns an RPS or an X'FE' to the processor. |
| | | i
FLOCO | 3.8 | File Output Command | Indicates a disk file received a CMDO signal from |
| | the processor, e.g.; seek, set head or RTZ. |
| | | |
FLSRO | 3L7 | File Status Request | Indicates a disk file received an SRO signal from |
| | | the processor. As a result, the IDC returns the |
| | | status of the currently selected disk file. |
| | | - |
FMTENBL1 | 3Gé6 | Format Enabled | Indicates that toggle 8 of the file 0 Address |
| ] | Switch is pushed down to the l-position to enable |
: | | IDC formatting. {
| |
FOUNDO | 5M8 | Sector Found | Test point to indicate whether or not the IDC has |
| | | found the sector to be written to or read from. ]
| | | |
FUNCO00:20 | 3N6 | IDC Function Lines 0-2 | One of eight encoded functions output to BDO:7. |
| | | See Table 4-9. |
] ] | |
F=0 | 12F2 | Function Equals Zero | Indicates ALU computation equals zero. =
! | |
GMEO | 12K1 | Gated Map PROM Enable | Enables the map PROM outputs onto BRAO:7. |
| | | |
GOTO00 | 19M6 | Go to Address Zero | Forces microcode to address zero. |
i | | |
GPD081:151 | 5F9 | General-Purpose Data Bits 8-15 | Control data to be sent as MD081:151 input to the |
| | | data transceivers. |
I ] | |
HOLDO/PICKO | 17K2 | Power Sequence Hold/Pick | Two lines with which the processor =
| | |
| | | |
| | | |
| | | ]
| | |

attached disk files.
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MNEMONIC | SOURCE | NAME | COMMENT
HWO | 6F2 | Halfword Mode | Output to SELCH indicating that this IDC is a
| } | halfword-oriented device.
| |
IDLEO,1 | 6D9 { Controller Idle | Indicates IDC not performing any operation.
| 1
ILDAO | 3L5 | Idle Controller Data Available | Indicates a received DAO0 signal from the processor
| | | while the IDC was idle. Specifically, it
] | | indicates the processor has data (sector number)
| | | to be written to the IDC.
| | |
ILDRO | 3L5 | Idle Controller Data Request | Indicates a received DRO signal from the processor
| | | while the IDC was idle. Serves no function; just
| | | results in zero being returned to the processor.
| | 1
ILSRO | 3L6 | Idle Controller Status Reguest | Indicates a received SR0 signal from the processor
| | | while the IDC was idle. It directs the IDC to
| | | return the current IDC status to the processor.
| | |
INDEX1 | 16M2 | Disk-Drive Index Pulse | Indicates that the index pulse is being
| | | received from the selected disk file.
| | |
INGPG1 | 13C8 | Enable Page Counter Increment | Enables the page counter to be incremented while
| | | sectors are read from a disk file.
| | |
INTCLK1 | 19C3 | Internal Clock | A 16MHz signal associated with 0SCO.
| | |
INTCLRO | 10M3 | Internal Clear | Internally generated IDC reset signal.
| | |
INTDATAO | 5M5 | Interrupt Data | Loads interrupt register with data.
| | |
INTREQ1 | 4k3 | Interrupt Request | Indicates that this IDC is requesting an interrupt
| | | from the processor.
| | |
INXOAl,0B1 | 16Hl1-] Differential Index | Input from a disk file to mark the leading edge
thru | | | of sector zero for every disk revolution.
INX3Al,3Bl1 } ; |
|
IpPRDY1 | 7F4 | Data Register Ready | For a read it indicates the serial-to-parallel
| | |
| ] |
| 1 |
| 1 |

converter contains the two bytes of data written
to the IDC RAM., For write, it indicates the
parallel-to-serial converter is empty.
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MNEMONIC | SOURCE | NAME | COMMENT

IPRYO,1 | 344 | Input Ready | Indicates the write shift register (WSR) is
| | | £filled or that the read shift register (RSR) is
, : = emptied.

I01:81 | 9N6 | ALU Instruction Bits 0-8 | The nine instruction bits required by the ALU to
i | | perform an operation. See Tables 4-4 thru 4-7 for
| | | further description.
| | |

LASTDAO | 6J5 | Last Data Available | Indicates the last DA0 signal received from SELCH
| | | during a DMA transfer.
| | |

LASTWRD1 | 6K7 | DMA Last Halfword | Indicates the last halfword of a sector is being
| | | DMAed via SELCH.
| | I

LBD01:71 | 12K1 | Latched Bus Data Bits 0-7 | Latched data from BDO:7 for ALU input.
| | | Or, as input to the map PROM, LBDOl:71 causes
| | | output of either constant data or a microroutine
| | } address.
| | :

LDAl | 382 | Latched Data Available | Latch signal corresponding to DA input.
| | | '

LDCBO | 5N3 | Load Disk Data Bus | Loads disk Data Bus Bits, B00:07. See Table 4-2.
| | | ) .

LDCTO | 5N3 | Load Disk Control Tag | Loads control tags and B08:09. See Table 4-2.

] | |

LDDMAO,1 | S5N3 | Load DMA | Loads RAM page and mode (read or write) into DMA.
| | |

LDDSKO | 5N3 | Load Disk | Loads the bus RAM-address counter for disk I/0.
| | |

LDHIBYT1/ | 6C6 | Load High/Low Byte | Loads the halfword data registers for MUX bus I/0

LDLOBYT1 | | | £rom BDO:7.
| | |

LDPAGEO | 5N3 | Load RAM Page Number | Causes the RAM page number to be loaded from
| | J BDO:7.
| ] i

LDR1 | 3M1 | Latched Data Request | Latch signal correspponding to DR input.

I | |

LME1 | 12L4 | Latched MEO | Latch signal corresponding to MEQ.
| | i

LOCl | 383 | Latched Output Command | Latch signal corresponding to the OC input.
| | |

LOf0 | 5N5 | Clear Diagnostic |
| | |
| | |

Causes the diagnostic flip-flop to reset
and the error LED to go off.
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MNEMONIC | SOURCE | NAME | COMMENT
LONC | 5SN4 | Turn On Diagnostic | Causes the diagnostic flip-flop to set and the
| | | error LED to light.
| | |
LP131:231 | 12H8 | Page Counter Bits | Binary value to identify RAM pages 1-3 of the disk
| | | file during a read. (Page 0 is reserved for
| I | constants, statuses, etc.)
| |
LSR | 3N2 | Latched Status Request | Latch signal corresponding to the SRl input.
I | |
MAXADDO1 | 6H8 | Maximum Sector Count | Indicates that 256 bytes of data have been DMAed
} I | via the SELCH.
! |
MAXADD11 | 13D2 | Maximum Address Counter 1 | Indicates that the maximum DMA count is reached
| | with the less significant DMA counter.
| |
MAXADD21 | 13p4 | Maximum Address Counter 2 | Indicates that the maximum DMA count is reached
| | | with the more significant DMA counter.
| | |
MAl1:MCl | 847 | Condition Code MUX Selection Bits A-C | Three bits to select one of eight condition codes
| | | for the next address calculation. See
: | | Table 4-3.
| |
MCEl | 8L5 | RAM Chip Enable | Enables the RAM for a read or write operation.
| | |
MD081:151 | 4C- | Multiplexed Data Bits | One of four multiplexed data sources to be sent to
| | | the SELCH or processor.
| | |
MECO | 5M7 | Enable ECC Shift | Enables the ECC register to shift continually.
| | !
MEO | 58 | Map PROM Enable | Reads the map PROM location to BRAO:7 and to the
| | | map register.
| | |
MI1 | 949 | CC MUX Inverter Bit | Fourth bit of the COND MUX CTL line; see Figure
| | | 3-6. If MI is not set, condition code (CC) output
| | | is inverted.
| | |
MOUT1 | 12G1 | Condition Code MUX Output | Output consisting of one of the eight condition
| | |
| | |

code inputs.
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Switch is pushed down to the l-position to employ
the new high-speed SELCH protocol.

MNEMONIC | SOURCE| NAME | COMMENT
MUX131,231 | 4H2 | MUX Control Bits 13 and 23 | Two binary bits for selecting one of four
i | | registers to be output to the MUX bus:
| | | general-purpose data register, file address
| | | register, controller address register or DMA
| | | data register.
I | |
MWE1l ! 8L5 | RAM Write Enable | Enables RAM to be written to.
| |
NEWFILEl | 38 | New File | Indicates a new disk file has been addressed by
| | | by the processor.
] | |
NOPO | 582 | No Operation | (Not connected or used.)
| | |
NOWRDSO | 645 | No Words | Indicates no words have yet been transferred in
] | | this DMA sequence.
i | |
NXCIN1 | 13L1 | Latched ALU Carry Bit | CARRY71 latched.
! | |
OBCADY1,21 | 17K3 | Differential Open Cable Detect | Output to disk files to indicate an open A-cable
| | | or a loss of IDC power.
| | I
OCRSTO | 4L9 | Output Command Reset | A reset command from the processor to the IDC.
| | |
oCl | 34 | CMDO Received | Output resulting from CMDO input.
| | |
OFF0 | SN7 | ECC Off | Terminates ECC generation on read. On write, it
| | | causes ECC to be written.
| | |
OFLOW1 | 12E2 | Overflow | Indicates the ALU operation produced an overflow.
| ] |
ONCYLAl,Bl | 14A3 | Differential On-Cylinder Detection | Input status from a disk file to indicate
} | | positioned heads.
| |
ONCYLO | 14D3 | Not On Cylinder | Indicates the disk drive head is not on cylinder.
| | |
ONO | 5N7 | ECC On | Starts ECC generation on read. On write, it
| | | causes WSR data to be written
| | |
OPTPTCL1 | 3F6 | Optional Protocol | Indicates that toggle 7 of the file 0 address
| | |
| | |
| | |
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| SOURCE |

MNEMONIC NAME | COMMENT
| | ]
0sco : 19B3 | Oscillator | The 16-MHz oscillator of the IDC.
| |
OURACKO | 4M4 | Our RACKO | Indicates a received RACKO is for this IDC, which
| ] | has an interrupt pending.
| | I
OVERRUNO,1 | 6M6 | Data Overrun | Indicates a data overrun during a DMA operation
| | | with SELCH.
| i |
PAD]1 | 439 | Program Controller Reset | Indicates that the processor has sent an OCRST
: : | to the IDC.
|
PAGE131:231 | 12M8 | RAM Page Address Bits 13 and 23 | Two bits to select one of three RAM pages (1, 2
: : | or 3) for either DMA or disk file I/O.
|
PARTIALO | 6M7 | Partial Transfer | A partial sector transfer occurred.
i i i
PAOSPA90 = 10K2 I SPA91 Inverted | See comment for SPA91.
|
PAO1:81 | 10A1 | PROM Address Bits 0-8 | The nine least significant bits of the PROM
| | | address.
| | |
PA90,91 | 10M2 | PROM Bank Address Bit 9 | PA90 selects the second PROM bank of 512 words.
: : | PA9]1 selects the first PROM bank of 512 words.
|
PICKO | 17K1 | Power Sequence Pick | See HOLDO/PICKO in this table.
| | |
POEO,1 | 949 | ALU Output Enable | Indicates that the ALU output goes to BDO:7.
I | ]
PROMEN1 = 10J1 : PROM Enable | When low it enables access to the PROM banks.
|
PZ0 { 8L4 { RAM Page Zero | Indicates selection of RAM page 0.
|
Pl11:31 IGlobal| Pull-Up Resistor | 5-volt pull-ups for guaranteed highs as inputs to
I | | to IDC logic.
| | |
QSHFT21 | 12A2 | Right-Shift of Q-Register | Right-shifts the contents of the Q-register (a
I | | barrel shifter) of the ALU.
I | ]
RACKO1 | 436 | Receive Acknowledgment | Input from the processor to signal an interrupt
I { | acknowledgment.
i ] |
RAE/OE1 | 8C5 | PROM's RAM Enable or Output Enable | AE/OEl before it enters the pipeline register.
| | |
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MNEMONIC | SOURCE | NAME | COMMENT
RAMBZ0 | 7G9 | RAM Busy | Indicates the RAM is busy with a read or write.
| | |
RAMXFERO,1 | 7G7 | RAM Transfer | Indicates the IDC is performing a data transfer to
{ | | the RaM.
| |
RAMO01:71 | 8M1 | RAM Address Lines 0-7 | Eight bits that select one of 256 RAM locations
= I ; in a page.
RBCO | 55 | Read Bus Control | Various IDC statuses gated onto BDO:7.
| | |
RBDIO01:51 | 8C5- | FROM's BDIO Bits 0-5 | Bus data I/0 and controls before the pipeline
| ] | register.
| | |
RBDO | 5K5 | Read Bus Data | Indicates DATAOB:15 are gated onto BDO:7.
| | |
RBRAO1:91 | 887, | PROM's Branch Address Bits 0-9 | BRAO1:91 before they enter the pipeline register.
| 10D6-] |
| | |
RBSO | 56 | Read Bus Status | Reads bus status to BDO:7.
I | |
RB01:31 } 9D4 | PROM's ALU B-Register Selection Bits 0-3 = B01:31 before they enter the pipeline register.
| .
RCLKOAl,0B1 | 16A6-] Differential Read Clock | Input from a disk file to synchronize data read
thru | | | from it.
RCLK3A1,3B1 | | I
| | |
RCLKO1:31 : 16D5-} Read Clock ; Read clocks from a disk file to IDC.
RCNT1 | 846 | PROM's RAM Page Counter Enable | CNT1 before it enters the pipeline register.
| | |
RCN1 | 9D8 | PROM's Carry Bit | CINl before it enters the pipeline register.
| | |
RDATAC1:31 | 16D1-| Read Data | Data read from a disk file to the IDC.
| | |
RDATOALl,0B1 | 16Al-] Differential Read Data | Input data read from the disk file.
thru | | |
RDAT3Al,3Bl | I !
| | |
RDHIBYTO, | 6D5- | Read High, Low Byte | Reads the high- or low-order data byte to
RDLOBYTO i i | BDO:7.
| | |
READYO | 14D4 | Selected Disk File Ready % Indicates the selected disk file is ready for I/0.
| |

—— —— —— . GS —— —i—— — ——_ — — — —" . —" —— — — S S—— —— S Wi S M. i— AR S SHMS W . — - T S — l— S —
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MNEMONIC | SOURCE| NAME | COMMENT

READ] | 12D8 | IDC Read | Indicates the IDC is currently executing a read
| | | operation.
| | |

REGSYNO | 6J4 | Register Sync | Indicates that the IDC received one of the four
| | | control functions SRO, CMDO, DRO or DAO.
| | |

RGATEO, | 18J9,| Read Gate | Read Gate of the selected disk file.

RGATE1 | 16D9 | |
| | |

RIO1:81 | 9D4 | PROM's ALU Instruction Bits 0-8 | 101:81 before they enter the pipeline register.
| | {

RMA] : RMC1 : 8H8 { PROM's Condition Code MUX Selection Bits | MAl:MCl before they enter the pipeline register.

|

RMCEl | 8C5 | PROM's RAM Chip Enable | MCEl before it enters the pipeline register.
i i i

RMI1 | 9D9 | PROM's MUX Inverter Bit | MI1 before it enters the pipeline register.
| | |

RMWE1 ; 8H5 { PROM's RAM Write Enable | MWEL before it enters the pipeline register.

1

RPOE1 | 9D8 | PROM's ALU Output Enable | POE1l before it enters the pipeline register.
| ! |

RPZ0 | 8D5 | PROM's RAM Page Zero | PZ0 before it enters the pipeline register.
| | |

RRAQ | 5K5 | Read RAM Address | Microcode signal to read the RAM address counter
1 | | Bus (RADD CTR BUS).
| | |

RRA01:71 | 8D2 | PROM's RAM Address | RAM address before it enters the pipeline
| | | register.
| | |

RSEL1 | 3N6 | Register Select | Indicates that the encoded FUNC0:2 bits are now
| | | active. An I/O operation is now active for the
| | | IDC or a disk file.
| | |

RSHFT21 | 12Aa2 | RAM sShift 2nd ALU Slice | Shifts the RAM either up or down according to the
] | | ALU operation.
| | |

rsi0l:31 | 902 | PROM's Sequence Instruction Bits 0-3 | s8101:31 before they enter the pipeline register.
| | |

RSRO01 | 18H1 | Read/Write Serial Disk Data | Serial data shifted into the ECC circuitry during
| | |
| 1 |

a read/write operation.
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| SOURCE |

MNEMONIC NAME | COMMENT
RSR00:15 | 18J- | Read Shift Register Bits 0-15 | Accumulated bits associated with a disk file read
| | | operation.
| | |
RSTATNO | 5k4 | Reset Attention | Microcode signal to reset ATNO.
| | |
RSTIDLO | 5N6 | Reset Idle | Indicates the idle flip-flop is reset and the idle
} | | LED is off.
| |
RWCLK1 = 16F7 | Read/Write Clock | Read/write clock from the selected disk file.
! |
RWGATEO,1 | 16G9 | Read/Write Gate | Indicates the read gate or the write gate of the
= | | disk file is on.
| |
SATNO | 5M3 | Set Attention | Sets the INTREQ flip-flop, thus activating ATNO
; ; } output.
SAVCRYO0 | 13G1 | save Carry | Enables the save carry flip-flop.
| | | )
SBSY01 | 6A4 | SELCH Busy | Input from SELCH indicating SELCH is currently
| | | busy with a block data transfer.
] | |
SCHKO01 | 6F2 | status Check | Output to SELCH to indicate a bad IDC status.
| ] | (Applicable only to the new SELCH protocol.)
I | |
SCLKOAl,0B1 | 17A5-| Differential Servo Clock | Input from a disk file for the write clock
thru | | | (WCLKOAl,0Bl1 thru WCLK3Al,3Bl).
SCLK3Al1,3B1 | } }
|
SCLRO1 | 3B9 | System Clear | Input from the processor to initialize IDC logic.
i ] ]
SCTY1,21 | 15M- | Differential Select-Cylinder Tag | Output to a disk file to indicate that bus lines
| | | B00:09 are supplying a cylinder address.
| | |
SDATAl | 16F3 | Serial Read Data | Serial data, including ECC, read from a disk file.
| | |
SECTORO,1 | 17M6 | Sector Pulse | Sector pulses from selected disk file.
I | !
SECTOVO,1 | 19C6 | Ssector Overflow | Error condition indicating the read or write gate
| | | is up when the sector pulse is active.
| | ]
SECT0Al,0Bl1 | 17H6-| Differential Sector | Input pulse to mark the beginning of each physical
thru | | | sector.
SECT3Al,3Bl | | |
| | |

|
|
]
]
!
|
!
|
|
]
i
|
|
|
|
|
I
]
!
I
!
|
i
]
|
]
|
|
|
]
|
|
]
I
I
!
|
|
|
I
|
]
]
!
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COMMENT

new high-speed SELCH protocol.

MNEMONIC | SOURCE| NAME |
SECO | 5M7 | sShift ECC | shifts the ECC register once.
| l |
SELCHBZ1 | 6C4 | SELCH Busy | Indicates that the SELCH is currently busy with a
| | | block data transfer.
| | |
SELCHDARL : 7M7 | SELCH Data Available or Requested | Indicates a received DAO or DRO via the SELCH.
| |
SELCHDRO | 7M6 | SELCH Data Request | Indicates a data request from the SELCH.
| | |
SELCHXFRO,1 | 7M9 | SELCH Transfer | Indicates SELCH is transferring data.
| | |
SELOl:31 | 15D2~| Disk File Selected | Indicates that the disk file is now selected.
| | |
SEL1 | SM8 | Select Pulse | Loads the disk file number (0-3) onto USELO,USELl.
| | |
SETIDLO | SM6 | Set Idle Flip-Flop | Sets the idle flip-flop and turns on the idle LED.
| | |
SHTY1,Z2l | 15M- | Differential Select-Head Tag | Output to disk files to indicate that the bus
| | | lines are supplying head-select or volume-select
: = | data. .
|
SIGN1 | 12E3 | Sign Bit | Represents the most significant bit of the high-
} | | order slice from an ALU operation.
5 | |
S101:31 | 9M1 | Sequencer Instruction Bits 0-3 | Sequencer instruction bits input to the
| | | microprogram sequencer. See Table 4-8.
{ | |
SKEDOAl1,0Bl1 | 16H6~| Differential Seek End | Input from a disk file to indicate the end of a
thru | | | seek operation.
SKED3Al,3Bl ; | |
| |
SKENDO1:31 | 16L6 | Seek End | Indicates the end of a seek operation at a
} = = disk file.
SKERA1 ,Bl | 14A2-| Seek Error | Indicates a seek error on a selected disk file.
| | |
SKER1 | 14D2 | Seek Error | Indicates a seek error on a selected disk file.
| | |
SNS | 6F3 | Set New Sequence ; Output to SELCH to indicate IDC support for the
| |
| | |
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MNEMONIC | SOURCE | NAME | COMMENT

SNSO | 663 | Set New Sequence without Bus Switch | Output to SELCH to indicate IDC support for the
| | | new high-speed SELCH protocol, without an I1/0
] | | Bus Switch. Jumping pins Wl and W2 on the IDC
] | | board for this support is not recommended.
| | |

SON1 | 3M3 | Latched Sync On | Indicates a latched sync word received from a disk
| | | file, i.e.; a sync mark is now in the read shift
| ] | register (RSR).
| | | ‘

SPA91 | 10E2 | Most-Significant PROM Bit 9 | Most significant bit of the 10-bit PROM address
| | | which also includes PA01:81.
I | I

SRO1 | 303 | Status Request | Input from the processor requesting the current
| | | status (onto D080:150) of IDC or a disk file.
| | I

SR1 | 3k3 | SRO Received | Output resulting from SRO input.
| ] |

SSYNO | 536 | set Sync : Microcode-generated sync return.
| |

STCHK1 I 6E3 | Status Check | See comment with SCHKO1.
| | | ,

STOPDMAO | 665 | Stop DMA | Stops DMA when a partial DMA transfer occurs.
| | |

SYNCON1 | 784 | sync On | Indicates a received sync word from a disk file.
| | |

STPSLCHO | 5M6 | Stop SELCH Strobe | Generates SCHKO. (Applicable only to the new
{ ’ = high-speed SELCH protocol.)

SYNCOC,1 | 18M1,| Sync Word Detect | Indicates a sync word was detected while IDC was
I 7¢2 | | reading disk file data.
| | |

SYNO,1 | 6M4 | Sync Return | Output to the processor or SELCH indicating that
| | | this IDC or an attached disk file has properly
| i | accepted and responded to a control line signal.
| | |

TACKO | 4M3 | Transmit Acknowledge | Output to the next IDC board to signal an
| | | interrupt acknowledgment from the processor.
| | I

TBDO I 5M4 | Transmitted Bus Data | Latches bus data to GPD8:15.

I |
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MNEMONIC | SOURCE | NAME | COMMENT
TESTCLRO | 389 | Test Clear | A ground signal manually placed here clears IDC
| | | logic.
| | i
TIMEOUTO,1 { 10M4 | IDC Timeout | IDC timed out during an operation.
| 1
TSTCLKO ; 14F8 | Test Clock | system clock for an IDC developmental system.
| |
UNRDYLA1l,Bl | 14A4-| Differential Unit Ready | Input from a disk file indicating its readiness
| | | for 1/0.
| | |
UPWEL = 12K9 | Clocked RAM Write Enable | MWEl gated with CLK34l. See comment for MWEl.
| |
0P130:230 | 12KR8 | Page Counter Bits | Binary value to identify RAM pages 0-3 of the disk
| | | file during a read.
| | |
USELOAl,0Bl | 15A2 | Differential Unit-Selected Tag { Input from a disk file indicating its selection,
thru | | I
USEL3A1,3Bl | | |
| | |
USEL0Y1,021 | 17M4-| Differential Unit Select | output to disk files consisting of the address
and | | | number (0-3) of the disk file to be selected.
USEL1Y1,171 | I ' '
| | |
USTAGY1,Z1 | 15M~ | Differential Unit-Select Tag | output to disk files informing them that the unit
| | | select lines (see above) are supplying a file
1 | : address.
| |
WCLKOA1,0Bl1 | 17F5-| Differential Write Clock | Output to a disk file to synchronize data written
thru | | | to the disk file.
WCLK3A1,3Bl | | |
] | |
WDATAl | 7M5 | Serial Write Data | serial data, including ECC, written to a disk
I ‘ : file.
WDATOAl,0Bl1 | 17Fl1-| Differential Write Data | output data written to a disk file.
thru | | !
WDAT3A1,3B1 | | !
| | |
WECCO I 7H5 | Write ECC | Enables the ECC circuitry.
| |
WENBO | 12M9 | Read/Write Enable to RAM | Selects a read/write operation over BDO0:7.
| | 1

s o o ———— — t— — T — —— T _—— Tt S T T — S S
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MNEMONIC | SOURCE | NAME | COMMENT
WGATE1 | 16D9 | Write Gate to Disk File | Indicates a write operation is being performed
| | | to the selected disk file.
| | |
WPROT1 | 14D5 | Write Protected | Indicates a write-protected disk file.
| | |
WRITEl | 12D8 | IDC Write | Indicates this IDC is performing a write to a disk
| | | file. :
| | |
WRRAM1 | 12K9 | Write RAM Enable | Enables the IDC RAM to be written with DMA data.
| | |
WSR0:15 | 18E- | Write Shift Register Bits 0-15 | Loaded into the WSR from BD0:7. They are written
| = = to the selected disk file.
i
WSR1 | 18F7 | Write Serial Data | Serial data written to a disk file.
| | | .
WTPTAl,Bl | 14A5~| Differential Write Protect | Input from a disk file to indicate it is in the
| : : write-protected mode.
|
XPERHIO | 53 | Transfer High Byte | Reads RSR08:15 to BD0:7; writes BDO:7 to WSR08:15.
‘ | | 1
XFERLOO | 5K3 | Transfer Low Byte | Reads RSR00:07 to BDO:7; writes BD0:7 to WSR00:07.
| | |
XFRDONE1 | 709 | Transfer Done | A particular DMA transfer is complete.
| | |
XFRGPDO | 3N5 | Transfer General-Purpose Data | Selects the general-purpose register to be output
! | | onto the SELCH/MUX bus.
| | |
XFRREQ1 | 7C8 | Transfer Required | DMA transfer is required.
] | |
XFRSYNCHO,1 | 7M8 | Transfer Sync | Transfers SYNO to the SELCH. It also clocks SELCH
| | | DMA data into the IDC.
| | |
09R08 ] 7G3 | Bit 151 Inverted | Loads data from the serial-to-parallel converter
| | | into the BDO:7 register.
| | |
09R10 ] 7G1 | DCLO Inverted |

Resets ECC clock generation.

o




A

A-cable

A-cable drivers/receivers
A-latch

A-register

Acknowledgement and
attention circuitry
Address switches
controller

file 0

setting of
Address. See ADRSO.
Address/down-counter
register and zero detector
ADRSO

ALU

ALU address/control field

ALU destination selection

ALU function control

ALU instructions

ALU source selection

Application of power
sequential
simultaneous

Arithmetic logic unit. See

ALU.

ATNO

Attention. See ATNO.

B-cable

B-cable drivers/receivers
B-latch

B-register

Branch address/control field

Bus data I/0 control field
Bus switch. See BUSSWO.
BUSSWO

BUSY

Cables

Cartridge disk drive. See
CDD.

CDD

Channel manager. See CM.

CM
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INDEX

2-28
3-36
4-10
4-8

4-10

3-33

2-23
2-25
2-23
2-25
2-23

4-18
3-4

3-14
4-13
4-8

4-15
4-14
4-13
4-13
2-31
2-32
2-31

CMDO

Command. See CMDO.
Command/address lines
control tag (CT)
data bus bits (B00:09)
select-cylinder tag (SCT)
select-head tag (SHT)
Condition code MUX
CONN1
. ADRSO
ATNO
BUSSW0
CMDO
connection to SELCH/MUX
bus
D00:15
DAO
DRO
EPF
HWO
I1/0 lines
control lines
data lines
initialization lines
interrupt-related lines
protocol-related lines
RACKO
SBSYO
SCHKO
SCLRO
SNSO
SRO
SYNO
TACKO
CONN2
A-cable to disk files
BUSY
CT
FAULT
HOLD/PICK
I/0 lines
command/address lines
fault status lines
operational status line
select lines
OBCAD
ONCYL
SsCT
SHT
SKER
UNRDYL
USEL
USTAG
WTPT
CONN2 through CONN6
INX
CONN3 through CONN6
B-cables to disk files
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CONN3 through CONN6
(Continued)
I/0 lines
control lines
read-related lines
write-related lines
RCLK
RDAT
SCLK
SECT
SKED
USEL
WCLK
WDAT
Connector. See CONN.
Control and status
registers/latches
Control latches
Control line latches
Control line receivers
Control lines
address (ADRSO)
command (CMDO)
data available (DAO)
data request (DRO)
index (INX)
sector (SECT)
seek end (SKED)
status request (SR0O)
sync return (SYNO)
unit selected tag (USEL)
Control store PROM
Control store PROM banks
Control tag. See CT.
Controller address

compare—-and-select circuitry

CcT

control functions

D00:15
DAO

Data available.
Data latch
Data lines
halfword data bits
(D00:15)
Data request. DRO.
Disk-drive terminator
Disk file interface
A-cable drivers/receivers
B-cable drivers/receivers
control and status
registers/latches
decoding index and
sector pulses
disk file read data path
disk file status check
disk file write data path
power sequencing drivers
select and seek-end
(SKEND)

See DAO.
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Disk file interface
(Continued)
selecting disk file
cylinder and head
serial-read-data and
clock DEMUXs
serial-write-data and
clock MUXs
unit selection
DMA and interrupt sync
circuits
DMA control and bus data I/0
control
DMA data registers
DMA I/0
read operation sequence
write operation sequence
DMA read operation
timing signals
DMA write operation
timing signals
DRO

Dual-port busy. See BUSY.
Dual-port kit
Dual-port option
components of
A-cable and B-cable
disk~drive terminator
dual-port kit
IDC board
installation of
Dual-port steering card

E

Early power fail. See EPF.
ECC circuitry
ECC error detection bit
ECC operation

during a disk file read

during a disk file write
EPF

Error correction code
generation

Error correction code.
ECC.

Error correction control

See

FAULT

Fault status lines
fault (FAULT)
open cable detection
(OBCAD)
seek error (SKER)
File address

compare-and-select circuitry

Function encoding circuits
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4-40
3-34

3-34
4-38

3-33

3-47
3-47
4-33
4-33
4-33
4-34
4-35
4-36
4-37
3-4

3-15

2-28
1-2

2-27
2-27
2-27
2-27
2-27
2-27
2-28

4-42
4-42

4-43
4-42
3-3

3-14

3-48



G

General—-purpose data
registers

H

Halfword-mode circuitry
Halfword mode. See HWO.
Head-select

HOLD/PICK

HWO

I,J,K,L

IDC
block diagram analysis
disk file interface
instruction cycle
instruction decoding
phase
microprocessor
controller logic
operational cycle
SELCH/MUX bus interface
IDC board
blackbox overview
connectors

I/0 lines
IDC capabilities
automatic error
correction
data recovery
data transfer
IDC characteristics
IDC disk system
256MB MSM removable
media, 50Hz
256MB MSM removable
media, 60Hz
27MB MCCDD, 50Hz
27MB MCCDD, 60Hz
330MB fixed media, 50Hz
330MB fixed media, 60Hz
54MB MCCDD, 50Hz
54MB MCCDD, 60Hz
67MB MSM fixed media,
S0Hz .
67MB MSM fixed media,
S50Hz with HPT
67MB MSM fixed media,
60HZ
67MB MSM fixed media,
60Hz with HPT
67MB MSM removable
media, 50Hz

67MB MSM removable
media, 60Hz

81MB MCCDD, 50Hz
81MB MCCDD, 60Hz
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IDC disk system (Continued)
CDD50 ’ S0Hz
CDbD50, 60Hz

IDC Disk System
description of

IDC disk system
detailed parts list
diagram of
installation

list of related
publications
MSM825F 120V, 60Hz
MSM825F 220V, 50Hz
MSMB25F 240V, 50Hz
standard cabling
IDC PC board
" cabling from
. diagram of
IDC strapping information
IDC testing and formatting
Incrementer
Initialization lines
early power fail (EPF)
(CL070)
system clear (SCLRO)
Initialization receiver
Instruction cycle
DMA bus high
DMA bus low
internal IDC operation
Instruction/condition code
decoder
Intelligent Disk Controller.
See IDC.
Interrupt-related lines
attention (ATNO)
receive acknowledge

(RACKO)
transmit acknowledge
(TACKO)
INX
M
Map latch
Map PROM

Mass storage modules. See
MSM.
MCCDD
Medium capacity cartridge
disk drive. See MCCDD.
Microinstruction
56-bit
bit definition
functional fields
ALU address/control
branch address/control
bus data I/0 control
microprogram sequecer
RAM address/control
Microinstructions
Microprocessor
4-bit
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Microprocessor (Continued)
4-bit slice

block diagram
Microprocessor bus functions
values for
Microprocessor controller
logic
Microprocessor/sequencer
circuitry
components of
Microprocessor/sequencer
operation
examples

Microprogram counter
Microprogram sequencer

block diagram
input to
Microprogram sequencer field
MicroRAM
MSM
MUX bus functions
values for
MUX inverter

N

New protocol pins
Non-return to zero.
NRZ

See NRZ.

OBCAD

On-cylinder detection.
ONCYL.
ONCYL

See

Open cable detection.
OBCAD.

Operational status lines
dual-port busy (BUSY)
on-cylinder detection

(ONCYL)
power sequencing
(HOLD/PICK)
unit ready (UNRDYL)
write protect (WTPT)
Output MUX

See

P

Parallel-to-serial conversion
Pipeline register

Power requirements
Power sequencing drivers
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2-26
3-23

Power sequencing pins
Programmed I/0
Protocol-related lines
employ I/0 bus switch
(BUSSWO0)
halfword mode (HWO)
SELCH busy (SBSYO0)
set new sequence (SNSO)
status check (SCHKO)

Q
Q-register
Q-shift MUX

R
R-MUX
RACKO
RAM

RAM-address counter
for disk file transfer
and latch
for DMA transfer and
latch
RAM address/control field
page zero
RAM address enable
RAM chip enable
RAM page counter enable
RAM write enable
RAM control MUX
RAM control register
RAM-shift MUX
Random access memory. See
RAM

RCLK
RDAT
Read clock. See RCLK.
Read data. See RDAT.

Read-related lines
read clock (RCLK)
read data (RDAT)
Receive acknowledge. See
RACKO.
Rotational position sensing.
See RPS.
RPS

S—-MUX
SBSYO0

SCHKO
SCLK

SCLRO
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SCT

SECT

Seek error. See SKER.

SELCH busy. See SBSY(Q.

SELCH protocol
high-speed

normal
SELCH/MUX bus interface

3200-protocol circuitry
acknowledgement and
attention
control line latches
control line receivers
controller address
compare-and-select
data multiplexer for
bits 08:15

data tranceivers
DMA and interrupt sync
circuits
function encoding
circuits
halfword-mode circuitry
initialization receiver
synchronization circuit
Select and seek-end. See
SKEND.
Select-cylinder tag.
SCT.
Select-head tag. SHT.
Select lines
unit select lines
(USELO, USELl)
unit select tag (USTAG)
Selector channel. See SELCH.
Sequencer instructions
Serial~-read-data and clock
DEMUXs
Serial-to~parallel conversion
Serial-write-data and clock
MUXs
Servo clock. See SCLK.
Set new sequence. See SNSO.
SHT

See

SKED

SKEND latches
SKER

SNSO

SRO

Stack with stack pointer
Status check. See SCHKO.

Status request. See SRO.
SYNO
Sync return. See SYNO.

Synchronization circuitry
System clear. See SCLRO.

47-032 R23

UL |
nwo

LI }
[+4)

bwwwwcluwwwwu
HiEBHBNDWNODNDY
I

O N

- — — e —— — — — — — — — — — ——— — — —
e e e e e e et i e S T S —— — — —— —— — — S S — . S > S . o S S o Ui S S S S, S S oy o —

TACKO

Theory of operation
Transmit acknowledge. See
TACKO.

U
Unit ready. See UNRDYL.
Unit select lines. See USEL.
Unit select tag. See USTAG.
Unpacking instructions
UNRDYL
USEL
USELO

USEL1
USTAG

v

Volume-select

w,X
WCLK
WDAT

Write clock. See WCLK.
Write data. See WDAT.
Write protect. See WTPT.
Write-related lines
servo clock (SCLK)
write clock (WCLK)
write data (WDAT)
WTPT

Y'Z

Y-output MUX

3200-protocol circuitry
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IDC RESISTOR MODULE CONVERSION CHART REVISIONS
RESISTOR MODULE [PIN NO. | CONN.NO. | ROW | PIN NO. MNEMONIC RESISTOR MODULE[PIN NO.JCONN. NO. | ROW | PIN.NO. MNEMONIC RESISTOR MODULE [PIN NO.[CONN. NO. [ROW [PIN NO. MNEMON IC T T T T T
_RM25 o)l E) 4 3 RM 38 O 9 3 61 INXIAL . .
I 02 30 02 60 14A06
03 29 USELIAI 03 59 INXIBI
04 28 17A06 04 58 4AC7
05 27 SCLKIET 05 57 XZAT
06 26 10A06 06 56 14A10
07 i 25 o7 55 NX2BI
— 0% ') _ 24 [O] 3] 54 ADD
: 09 M 23 SKEDIBI 09 53 NX3Al
RM25 10 9 4 22 13A07 RM 38 10 E] 3 52 14A14
1
2 RM26 [o]] ) 1 25 GN RM 39 [oll 5 a (1] SECTIAT |
0z 24 USELIA} [0} 60 14806
03 23 USELIBI 03 5% SECTIBI
04 22 SKEDIAI 04 58 14807
05 21 SKEDIBIT 0% o7 SECT2AI
RM26 06 E] 1 20 06 56 14Bi0
C7 55 SECTZB!
08 54 14BCY9
RM27 o] ) 1 13 GND 09 53 SECT3AI
02 12 WDATOAT RM 39 10 9 4 52 14814
3 03 il WCLK@BI
04 10
05 09 SCLKQAL RM40 Ol 8 2 06 P5 i
RMZ27 06 £l T [o]:] 02 05 X0B ;
03 04 X1B
04 03 X28B
~ RM28 Ol 9 2 ) GND 05 02 X 3B
Q2 z WOATOBI RM40 06 8 2 Ot FAULTBI i _
03 1 WCLKQAI
04 0 i !
0% S SCLKOBI RM41 ol S 2 55 P5 ; !
4 RM28 oe ) 2 08 Q2 54 SECTOBI . B
03 53 SECT:iBI !
04 52 SECT2BI
RMZ29 01 ) 3 3 05 51 SECT 3BI
02 2 RM4] 06 9 2 50
03 11 ~ USELORI !
- 04 10 17A01 |
05 09 SCLKDAI RM42 Ol ] 55 PS5 !
06 08 10AQ! 2 54 SKEDQBI
Q7 o7 03 53 SKED 1 BI
08 06 04 52 SKEDZBI
5 09 05 SKEDOAI 05 51 SKED3B!
PM29 10 ) 3[ 04 13A02 RM42 06 ) 1 50
RM 30 [o]] S 4 13
. 07 12
Q3 ) USELJAT
04 10 17A02
05 09 SCLKPBI
06 O 10A02
[oY4 07
08 06 SO S SO
09 05 SKED@BI S
RM30 10 S 4 04 13A01
RM3I [o]] 9 | o7 GND
Q2 06 USELGAI
0% 05 USELDB
04 04 SKEDQA
7 05 3 SKED®B
RM3T 06 9 0 02
1
RM32 01 ] 2 07 P5 i
e 06 USELDBI |
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i 3 INXTAT rt.N.J.
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A ] | D 1 E | G i H | J | K | L M | N | -
—— _—
NET |[MNEMONIC|SHT NET |MNEMONIC|SHT NE T |MNEMONIC|SHT NET [MNEMONIC|SHT NET [MNEMONICISHT NET |MNEMONIC|SHT NET |[MNEMONIC|SHT NET |MNEMONIC|SHT| NET {MNEMONIC|SHT| REVISIONS
T T T T L
0001 | A1 09 0971 | B09Z1 15 0130 | cLkso 19 2187 | DATA091 25 0244 | EXTCLK1 19 9303 | INXOA1 16 5359 | HEC 12 0u1s | 13306 13 7471 | 18M05 11
2002 | A21 09 0n72 | B10Y1 15 0131 | cLkeo 19 2188 | DATA1G1 05 2245 | EXTCLRC 03 0308 | INXOB1 16 2360 | mRCO 07 0816 | 12013 13 o472 | 18K11 1 -— |
0003 | 31 09 2073 | B10z1 15 9133 | cLo7o 03 0189 | DATA411 o5 2247 | FA081 04 0305 | INX1A 16 2361 | MI1 09 9417 | 14FOS 18 0473 | 18h14 1
2004 | ACCECCY 07 9074 | BITIS1 27 2134 | cLoce 03 0190 | DATAI21 05 0248 | FAQ91 ou 0306 | INX1B1 16 5362 | ®OUT1 12 0418 | 14F06 18 qu74 | 16402 1
. 2005 | ADRS1 03 0975 | BiTCNO 26 01315 | cuto 03 0191 | DATA131 0s 9249 | FA101 04 0307 | INX2M 1€ 2363 | moxi3 04 H419 | 14F09 18 9475 | 15¥05 11 =
0006 | ADRSO 03 7076 | BITSRO1 1" 2136 | cNTH 08 0192 [ DATA141 05 0250 | FA111% ou 0308 | INX2B1 16 0364 | MUY231 o6 ou20 | 14F12 19 2476 | 16M11 1
0007 | AE/OEA 08 0078 | BRAOY 10 3137 | cone 19 0193 | DATA1S1 05 0251 | FA121 04 0309 | INX3M 16 0365 | mwF1 08 o421 | 1uF1s 18 0677 | 17C11 14
2 0008 | ANYCRY1 13 0079 | BRA1Y 10 0138 | CONTACKO | 04 0194 | DCLo 18 0252 | Fa131 04 0310 | INX3B1 16 0366 | NFWFILF1 | 03 2422 | 1wFi6 18 ns78 | 15¥F06 " 2
0009 | ARO1 09 0080 | BRA21 10 2139 | CONTSEL1 03 0195 | DEO 05 2253 | FA141 na 0311 | INDEX1 16 0367 | 22¢03 3 0423 | 19F19 18 0u7y | 15E09 10
0010 | AR11 09 0081 | BRA31 1 014 | cowrsraco | 03 0197 | prLY3ust 06 0254 | FA151 ou 9312 | INTCLK1 19 9368 | 21R06 23 0424 | 15F02 19 ou8o | 15£12 1
0011 | AR21 03 3082 | BRAu1 10 2141 | CTAGI 15 0198 | DLYSYNCO | 06 0255 | FAULT? 1 2313 | INTCLRO 10 9369 | 08KO3 03 2425 | 15F05 18 ous1 | 15F1S 1
7 0012 | AR31 09 0983 | BRAS1 19 0142 | criopTcLi | 03 0199 | pma13e 12 5256 | FAULTA1 18 2314 | INTDATAO | 05 0370 | 08No6 03 ou26 | 15F06 1% nuB2 | 15E16 10 B
0013 | ASER¥000 17 s084 | BPA61 1 0143 | DoC1 oy 0200 | DMA230 12 0257 | FAULTB1 14 0315 | 00v09 o8 0371 | 10R11 03 0427 | 15F09 18 0483 | 15E19 1
0014 | ASERVO10 | 17 0085 | BRAT1 10 9184 | pot11 0 0201 | DNAGO1 06 0258 | FILF131 23 7316 | IPRDY 07 0372 | 02r11 o4 0828 | 15F12 18 ousa | 16F02 15
3 0015 | ASER¥020 17 0086 | BRA81 10 0145 | D21 ou 0202 | DMASTRTG | 05 0259 | FILE130C 23 n317 | IPRYY 93 2373 | 02808 o4 ou29 | 15F1% 18 0485 | 16F0% IH 3
0016 | ASFRV030 17 0087 | BRA91 10 ntas | D031 o4 9203 | DR1 07 9260 | FILE231 03 0318 | LASTDAC 28 0374 | 02R96 o4 o430 | 15F16 18 0486 | 16706 15
0017 | ATNO 04 0088 | BUSAOEC Lk} 0147 | DGt ou 0204 | DRV131 17 0261 | FILE230 03 1 9319 | LASTWRET | 96 0375 | 02%03 ou ou3tr | 15F19 18 ou87 | 16F09 15
= 0018 | 801 c9 0289 | BUSYA1 1u 2148 | DOSY o4 0205 | DRV231 17 0262 | FILEACKC | oe 0320 | LBDOY 12 0376 | o6Foz s 7432 | o9ros 07 ouss | v1AG) 15 -
0019 | B11 29 5095 | BUSYB1 18 9149 | pos1 o4 0206 | DPO 03 7263 | FILESEL1 | 93 0321 | L8p11 12 1377 | o0aFos 05 5433 | 1uKou 19 ousy | 16F1s 15
0220 | B21 29 0091 | BUSY1 18 2150 | D071 04 0207 | ESLCKTI 13 9264 | FILESYNC1 | 03 0322 | LPD21 1 3378 | 0€FCE 05 2438 | 18X05 18 ougo | 16716 15
4 0021 | 331 29 0092 | =CONT 23 0151 | poe1 o4 0208 | EBLOUTO o 0265 | FILESYNCO | 03 0323 | LRD3 12 9379 | 06Fo9 05 3435 | 1806 19 cu91 | 10BOS 17 4
9922 | BAOE1 13 0094 | cACB1 23 7152 | D091 o 0209 | 19F06 06 2266 | FINT1 04 0324 | LRDUY 12 3380 | 06F12 05 au3s | 1uK10 19 Ju92 | 10m0s 17
0023 | 8001 19 2395 | £AG91 a3 0153 | D101 o4 0210 | Eccoot 1" 0267 | =FILE1 03 0325 | LRDSY 12 0381 | 06F1s a5 0637 | 1wK11 19 1493 | 09805 17
0026 : 8D11 18 9696 | CA101 03 o1sa | D111 ou 9211 | ECCOMM 1 0268 | FLDAO 03 £326 | LRD6Y 12 0382 | 06F16 25 ou3g | 1uk12 18 au9u | 79Rr09 17
- 0025 | 8p21 18 2097 | CA111 73 0155 | D121 o4 9212 | ECCO21 1 0269 | FLDRO 3 n327 | LADM 12 0383 | 06F19 o5 0u39 | 1uK13 1 495 | 20DG6 13 B
5926 | BDI1 1 2098 | CcA121 73 2156 | D131 94 0213 | ECCO31 1 0270 | FLOCO 03 0328 | LU o3 7384 | I5F02 05 ouuo | 15K03 1 0496 | OLTPUT 10
5 13927 | BDu1 12 3999 | k131 03 ~157 | D1u LT 0214 | ECCO41 11 9271 | FLSRO 03 9329 | LOK1 02 7385 | 05F0S LH ouu1 | 15x08 18 7497 | 10F08 16 5
! 1728 | BDS1 18 n19n | Taren 03 0158 | D1s? ou 0215 | ECChsT " 2272 | FATENBL1 3 0339 | LECTC 05 7386 | 95F06 ot 0au2 | 15r0S 14 ougs | ooHOE 08
0029 | BD61 1" 5101 | ca1s1 a3 3159 | D000 on 0216 | ECCO81 1 0274 | FUNCO0 LH 2331 | 1pCBO 95 5387 | 05709 05 ouu3 | 15K06 13 0500 | 20R12 19
0030 | BD71 18 2132 | CARRY3! 12 0180 | D10 on 0217 | ECCo71 1 2275 | FONC10 03 0332 | Lpeeat 12 0388 | 05F12 05 oauu | 1510 18 0501 | 25805 19
= 2031 | Aot 79 0103 | carry?1 12 2161 | D020 . 0218 | EBccoet 1 0275 | FUNC20 23 2333 | LDDMAD 0s 0389 | 05F15 05 ouys | 15K11 18 3502 | 14313 18 B
o046 | 3DI001 78 o104 | cB1TO 1 2162 | D030 ou 0219 | ECC091 1 0277 | F=0 12 0334 | LDDSKG 0s 0390 | 0SF16 0s ouus | 15K12 18 9503 | 14F02 18
oon? | mDTO11 on s10s | coara " 2162 | poue a8 0220 | ECC101 1 0278 | GoTOO0O 19 0335 | LDHIBIT1 | 06 0391 | 05F19 [ o4t | 15K13 18 2504 | 18C10 19
6 2048 | BDIO21 ne 2106 | o 12 2168 | DS o8 0221 | ECC111 1 2279 | GPDOSI 05 0336 | LDLOBIT1 | 06 0392 | 19F03 06 - ouuss | 09R10 07 0505 | 22K11 18 6
ooue | BDIOII 08 2107 | ccLko 10 1165 | D060 o4 0222 | ECC121 1 0260 | GPDO91 05 0337 | LDPAGEG 05 0393 | 22F03 07 ousg | 2uR0S 07 0506 | 16403 16
0050 | BDIOA1 08 0108 | CTMUXPI 26 0166 | DOT0 o4 9223 | ECC131 1" 5281 | GED101 95 0338 | 19C1 03 0394 | 22F086 07 ouso | o1Ro® 07 0507 | 1snos 16
~ 0051 | BDIOS1 08 0109 | CENBO 12 0167 | Dogo ou 0224 | ECC181 1 0282 | GPD111 05 0339 | LoFO 0s 9395 | 17306 07 04s1 | 23806 07 0508 | 16A11 16 L
0052 | BOOY1 I 0110 | DbmAGe! 06 7168 | D090 ou 0225 | ECC151 1 0283 | SPDI21 05 o3u0 | rowo 05 0396 | 17309 07 ous2 | 23R09 07 0509 | 1813 16
0053 | B0OZ1 14 0111 0169 | D100 su 0226 | ECC161 1 0284 | GFD13% 05 0361 | LP131 12 0397 | 17308 07 0453 | 21R08 07 0510 | 14803 1
7 2054 | BO1T1 14 0112 | cinT1 o 2170 | D110 2 0227 | ECC171 11 0285 | GPD181 05 0342 | LP23i 12 9398 | 21F11 06 ousu | 20R06 07 9511 | 1BOS 17 7
0055 | BO1Z1 14 9113 | CINTCLR®O 05 0171 | D120 28 0228 | ECC181 11 9286 | SPD151 05 0363 | LSk 03 0399 | 22304 06 0455 | 17R09 07 0512 | 1eB11 17
2056 | BO2Y1 14 01146 | cama 09 5172 | D170 " 0229 | ECC191 1 0287 | HWO 06 0344 | WAl 28 0400 | 18F09 06 ous6 | 21R11 07 0513 | 10813 17
0957 | B0221 1 2115 | rLK6u1 19 3173 | p1so 2t 0230 | ECC201 11 0288 | IG1 09 0345 | MAXADDO? 06 o401 | 12F 14 13 0457 | 18R11 07 0514 | RM6-02 16
0058 | BO3IT1 I 2116 | CLKuSe 10 0178 | pi1%o b 9231 | ECC311 1" 0289 | I11 09 0346 | WAXADD11 13 0602 | 12F13 13 ou58 | 19805 07 0515 | RW5-02 16 B
0059 | B03Z1 16 2118 | cLk2an 19 3175 | oAt . 0232 | ECCCLK1 a7 0200 | 121 09 2347 | WAXADD21 | 13 os03 | 12F12 13 ouso | 18803 07 0516 | RN38-02 16 PERK'N_ELMEH
0060 | BouT1 i 2119 | cLK230 19 n176 | DARA 2 0233 | ECCHIC 05 0291 | 131 09 0348 | WB1 o8 osos | 12F11 13 0u60 | 18RO8 07 0517 | RM38-04 16
8 0061 | BOWZ1 1 2120 | CLX151 19 0177 | pao1 23 0236 | BCCLOO 25 0292 | 1ot 09 0349 | KCa 08 0405 | 13F14 13 ou61 | 16R06 1 9518 | RM38-06 16 Computer Systems Division 8
0062 | BOSY1 14 0121 | cLx3upe 19 5178 | DATAOCY 0% 0235 | EDSO 05 0293 | I51 09 0350 | WCEM o8 0406 | 13F13 13 on62 | 22M08 1 0519 | BM38-08 16 Oceanport,N.J. 07757
0063 | BOSZ1 14 0122 | cix1200 1o 0179 | opATAO11 05 9236 | EBLDO1 0s 0295 | 161 g 0351 | mpost o4 o407 | 13F12 13 ou63 | 17K03 1 0520 | RM38-10 1
"
N 0064 | BO6YY 1 0123 | CLK12385D1( 13 0182 | DATA021 25 0237 | EBLDT 05 0296 | 171 09 0352 | D091 o4 o%08 | 13F1% 13 ous4 | 17K06 1 0521 | RM9-02 1€ E|;‘;$gr$L|§yEDREﬁ\ILgEI'\Eﬂ%:ICEISE(IF”\IOEJTP:(E)EROP- -
0065 | B06Z1 14 n1z2e | cLkn 2% 0181 | DATAD31 05 9238 | EBLD2Y 0s 0297 | I81 09 0353 | ¥D10Y o4 ou09 | 12303 13 0465 | 17K08 " 9522 | RE10-02 17 COMPUTER SYSTEMS DIVISION,’AND SHALL NOT
0066 | BO7Y1 14 3125 | CLK10 10 7182 | DATADu4Y s 0239 | ERLD31 L 0298 | IDLEO o6 0354 | MD111 ou ou10 | 12302 13 ou66 | 17K11 1 0523 | RM9-0u 17 Eg;é?g;%%%? g?SL:’SE%?FﬁgS é‘%g@ﬁcﬂuﬁ;‘s
9 0067 | BOTZ1 14 5126 | CLK20 19 2183 | DATAOS! 0s 0260 | EBLD&1 05 0299 | IDLEY 06 0355 | mp1zt’ 04 0411 | 12J06 13 0u67 | 1705 1 0524 | RM39-02 17 TWEEN THE RECIPIENT AND THE PERKIN-ELMER |9
0068 | BOBY1 15 0127 | cLr3n 19 o185 | DATAGET 05 0241 | EBLTCLKO | 19 0300 | ILDAO 03 0356 | %D13% ou out12 | 12J07 13 ouss | 17811 1 0525 | R¥39-0u 17 8‘2F"r':-lolgg??rsﬁ:ft|I?Q?ZI§DI\IEQYFH1\SN:EZ%?QBON
0769 | B08Z1 15 0123 | cLrun 13 n1es | pataorr oe 0242 | ESEO 0s 0351 | ILDRO 03 7357 | ¥D141 04 0413 | 13703 13 ousy | 17KM14 11 0526 | RN39-06 17
0070 | BOOYY 13 1129 | cLKS? s 2186 | DATAGEY % 0243 | ESTBRAC 05 0302 | ILSRO 03 0358 | WD151 ou o4ty | 13302 13 0470 | 18KO2 11 6527 | RN39-08 17 TITLE SCHEMATIC
CROSS REF NET# MNEMONIC , SHT#
o
g] NOTES DRAFTER 1.D.C.
5 P. MARCUS
3 DATE TASK 03211 /03214 SHT
: g-13-31 DWG 35- 932 D08 22-23
A ! I D l E I i 6 T H ! J i K | L M i N ! R ! 3



A ] c 4 D I E I F I 6 H I J I K L L M_ I N )
NET Ml\jEMONIC SHT NET | MNEMUNICISHT NET {MNEMONIC| SHT NET [ MNEMONIC|SHT NE T | MNEMONIC|SHT NET |MNEMONICISHT NET | MNEMONICISHT NET | MNEMONICISHT NET |MNEMONIC|SHT T T REV[ISlON'S T
2528 RM39-1C 17 1585 18H09 06 2661 RRO1 09 2717 RGATE1 07 0775 SF11 17 0832 | AII 15 0988 WSR1 18 094¢€ GNCOM EIN 1005 GNDO.BK o3 l
9529 | amM10-cu 17 2587 | Sk~ 05 0662 | RB11 09 0718 | RGATEO 18 0776 | S&l01 15 0833 | LOt 15 7889 | XFERWIO 05 7947 | GNDOIM ou 1006 | @aNDOGK |03
0530 RME-DU 14 1588 3USSWNO nk ne63 RB21 09 0719 R101 0a 0777 3FL11 15 7834 SR1 03 0890 XFERLOO 05 2948 GNDI4M 1% 1007 22MI12 04
2531 | R15-04 14 2589 | 0u30A 56 9664 | RB31 05 9720 | RI11 0s 2778 | SEL21 15 2335 | sro 23 0891 | XFRDONF1 a7 2959 | SNDISM 10 1906 | 22E06 0a
- 0532 | RM6-06 14 9592 { NXCIN1 13 2665 | RRCO 05 0721 | RIZ21 00 €779 | SFL31 15 7836 | SSYNO 75 0892 | XFRRECY 07 0950 | GNDE3IM 96 1009 | 22406 04 -
0533 | RMS5-06 14 A5%3 | 001 n3 n666 | RBDO n5 0722 RI31 09 0780 USELOA1 15 0837 | STCHK1 26 0893 XFRSYNCO 07 €951 SNDOSR U 1010 22407 04
c53 | mus-os 18 0594 | OFF0Q 90 0667 | RRDIOC1 oe 0723 | RIu1 09 9781 | USFLOB1 18 0838 | 14F07 10 9894 | 16MHZ1 19 3952 | GNDOGR 0s 1011 22J12 [oF4
0535 | RM6-08 14 0595 | OFLOW1 12 0668 | PRDIO11 o8 0724 | RIS1 20 0782 | USEL1A1 15 0839 | STPSLCHC 05 0896 | GHEO 12 9953 | GNDOPR nu 1012 2
0536 R®10-06 14 2596 ONC Nt 1669 RRDIO021 o8 0725 RI61 09 0783 JSFL1B1 15 9849 SYNOA 56 1897 LME1Y 1: n9su SNLOS8R ou 1013 2/HO6 06
0537 | R¥9-06 14 0597 | ONCYLM1 14 2670 { RRLIO31 08 2726 | RI71 no 0784 | USEL2A9 15 9841 | SYN11 [ 0898 | 00MGS 10 2955 | GNLI7R 07 1014 | 16H08 06
9538 | RM10-C8 14 0598 | ONCYLR1 1 2671 | 23CI041 08 0727 | RIg1 09 0785 | USEL2B1 15 D842 | SYNCO 57 0956 | SNDE2R 07 1015 | 2iR0O3 06 |
] 0539 RN9-06 14 7599 ONCYLO 1 0672 RBDICS1 aF 0728 RMA1 08 0786 USEL3R1 1< 0843 | SYNCOM1 27 0899 TEGI 16 1957 SND23R 07 1016 GND2IH 06
0540 | RM10-10 14 0600 | OBCADY1 17 2673 | RBRAG1H 10 0729 | RMR1 08 5787 | USEL3E1 15 0844 | TACKO? oy 0900 | DMASRO 26 2958 | SNDQOK 04 1017 FOUND¢ 05
o561 | RMO-1C 14 0691 | ORCAP71 17 0674 | RBRA11 1 0730 | RYC1 o8 0788 | usFLOY1 17 0845 | SCTT1 15 0901 | 1pRYO 03 0959 | GNDIGH 0s :8:2 fo;j{gg 874 3
2542 | -RN30-Cb 1% 0602 | OPTPTCL1 02 0575 | RBRA21 15 9731 | RMCE3 28 9789 | USELOZ1 17 0846 | SCTZ1 1= 0960 | GNDISH 05 1020 | 09R06 |07
0543 | RN29-34 15 2603 | 05C0 19 9676 | R3RAIN 10 0732 | REIM 09 9790 | USELIVI 17 9847 | SHTY1 15 0902 | 23461 06 2962 | IDLE 06 1021 22005 |07
9548 | R25-0u 15 0604 | OUPACKO L3 3577 | RERA41 10 3733 | REWEY 08 9791 | USFLIZI 17 0848 | SHTZ1 1< 0903 | 22438 05 0963 | DIAG 06 :ggg 2IR08 07 |
N 9545 | RN24-Gu 15 €605 | 09ROH o4 0678 | RBRAS1 10 0734 | RFOE1 09 9792 ; SFLCHDAR1 | 07 0849 | CTY1 18 9904 | GNDOOF 12 9964 [ R4GATE1 16 1024 BwLI 19
0566 | B¥19-08 1= 0606 | OVERRUNO a5 5679 | RBRAE1 10 0735 | RPZO 08 0793 | SELCHDPO 07 9850 | cT21 15 0395 | SNDOGA 16 5965 | XFRGPDC 23 :%gz ;g:g? 2
0547 | RM18-04 15 2607 | P11 17 0680 | RBRAT1 10 0736 | RRAO 05 9794 | SELCHEZ1 26 0851 | TBDG ns 0906 | GNDO?A 16 9966 | 04ROl ou 1027 |GND 22H 6 |
0568 | RM14-04 15 0608 | P29 1 0581 | RBRAE1 oe 0737 | RRRO1 08 0795 | SELCHXFRO | 07 9852 | TESTCLRO | 93 0907 | GNDO9A 15 7967 | PARTIALO | o6 1028 | PS 23H s 4
3549 RM13-08 1e 0609 P31 11 1682 R32A491 n3 0738 RRR11 08 0796 SELCHXFR1 97 0853 TI®EQUTO 10 0998 GNDIOA 17 02968 04BOE ou I[%ig ?g’:‘(l)le 2
5350 RM36-06 17 9612 PAGI 0a n6a3 RR3C 38 2739 RRA21 08 0797 SCLKOR1 17 9854 TSTCLKe 19 2309 GNDIZ2A 16 0963 OCRSTO o4 1031 04B02 6
0551 | RM29-G6 17 ns11 | Pa11 na 7584 | RCLKO1 16 0740 | 8RA31 98 2798 | SCLKOE1 17 7855 2910 | GNDIBA 16 0970 1032 13H06 6 |
7 0552 | EN25-n6 17 3612 | PA23 e 9585 | RCLK1Y 16 0741 | mRAWY 29 0799 | scikmt 17 0856 | up13e P 291t | GNDIAA 1 0371 | RSTATHG 25 :8‘;”’2 Egll’;”cF 12
0553 | RH28-06 17 2613 | PA3a Y 1636 | RCLK21 16 0782 | ReASY 08 0800 | SCLK1B1 17 0857 | uPz30 12 0912 | GNDISA 10 0972 | 13F0e 13 ;233;% 223!;?'3 '93
0554 | RE19-06 17 2614 | Paut ok 7687 | RCLK31 1% 0743 | RRA61 08 2801 | SCLK2P1 17 0358 | UPWE? 12 9313 | GNDIeA 1 373 | INGPaY " 1037 23Ho8 | 13 5
0555 | RM18-06 17 )615 PASY AN 1688 RCLK0A1 1% 0744 | RRA71 08 0802 | SCLK2B1 17 0859 | USTA6Y1 1€ 2314 | GNDI7A 1 974 TINEOUT 19 :8%3 REOL?:A‘% 0'93
1556 RM14-06 17 616 PA61 N9 0489 RCLKOR1 16 0745 RSFL1 23 0893 SCLK a1 17 7860 USTA671 15 591 -1 GNDI4B 17 2975 SECTOV1 19 1040 18C0O8 )
9557 | RM13-06 1 0617 | Pa71 0% 5690 | RCLK1A1 15 0746 | RSHIFT11 | 12 0804 | SCLK3F1 17 2861 | WCLKGA1 17 7916 | cND1aC 19 0976 | crste W9 “83:; 2'%5;('):-;* '13 B
7 2558 | RM30-08 16 0618 | Pag1 oe 0691 | ARCLK1R1 16 07647 | RSHIFT21 12 2805 | SETIDLO 95 9862 | WCLKOR1 17 0917 | GND2IC 58 9377 | SAVCEYO 95 1043 | GOCLR® 9
7559 | R¥29-98 16 9619 | Pa91 23 2692 | RCLX2A1 15 0748 | RSI01 09 0306 | 20J06 07 0863 | WCLK1A1 17 7918 | GNDOGE o8 0978 | DSBCRYC 13 :83?, (7003 9
3560 | RN25-08 15 9520 | PA9O 19 9593 | RCLKZB1 16 0749 [ RSINM 09 808 | s101 o9 0864 | WCLK1B1 ” 0919 | GNDOZE 08 0979 | sTaca o7 :82‘? 17005 | I9
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o7 28 BO6Z 07 ¥ WIPTAI 07 ] .
08 27 BO7Z1 08 ! 71 I6A10 08 30
5 09 ) - 3067 oE] & BUSYA] 09 — 3% SKEDZE]
RM4 0 5 > 25 BO9Z RM 10 10 7 1 N 1GAI4 RMIS 10 3 4 [ 38 12A09
Il
1 i i
e ) ol 7 ? 37 TNXDE] RM 11 [ol} 8 i z % RM20 o] ) T4l GND
- 02 i 33 14A0! ‘ 02 [ WOAT 3A1 07 T30 | USELZAI
3 32 FAULTRI 03 0| WCLK3B1 03 39 USELIBI
04 31 15A09 04 09 ; 04 38 T SKED2AI
05 30 _ SkERBI L. v 1705 L. 08 __ SCLKZAI 05 - 37 SKED2EI
06 23 TEAIT RM T 06 g T 07 RM20 06 9 i 36
6 07 2 ONCYLBI ‘ T
o] 27 . .- B T . ‘ — 1. _ 1 . .
09 26 P51 ___RMi2 1o 1T ™8 2~ 12__ 1 _GNb ; RM21 (o] g 12 -y )
RMS | 7 2 25 25-2 [o¥] H 1 WDAT 381 : 02 40 WTPTBI
03 .10 WCLK3A] ! 03 19 BUSYBI
04 09 Py 04 38 USTAGZ
RMB5 (o1 — T | _34__| NXgAL_ 1. — [ _05 08 SCLK3E] \ 27 USEL 2B
‘ 0z 33 4A02 RMIZ 06 8 z 07 ' RM 21 ) ? 36 USEL 3B
03 > ~ 32 FAULTAI l
04 31 SAI0 :
7 05 30 KERAI RM13 o] 7 2 2 RMZ2 o)} g I k] GND
06 29 15A14 . 02 | I 02 ! 30 WDATIAT
- 07 28 ONCY LA 03 0 USEL3BI 03 I 29 WCLKIBI
08 27 16A01 04 9 I7Al 04 pi 28
02 26 PS5 05 o)) SCLKZAI - 05 v 27 SCLKIA]
RVG 1o} 7 T 25 8803 06 07 10415 RMZ2: 06 ) i 26
- (o) ] 06 :
83 ’ 82 - SKEDS 2 3 GND
: KED2AI RM23 Ql 9 2 | N
RMT3 o) 7 7 o3 | 3A14 N 22 30 —WDATTE] PERK'N—ELMER
EXAMPLE RMS PIN | = 72 X 82 . 52 WCLKIAI
| L
8 CONNEC TOQ_—J i ___.BM.’“___...._.-__V,%'z., 17 .12 | T i - 8(55 Y 2 22; SCLKIBI Computer Systems Division
o ] o i [N}
ROW — 03] 0] USELZAT T I Oceanport,N.J.07757
PIN NO — 82 I %g”‘ Is” '438 [ __RM24 o) 9
i — ) CLK3B1 __RM2 0 31 “INFORMATION DISCLOSED HEREIN IS THE PROP-
RM25 PIN 6= 94 X &b B e ,%6 . ot 8"?6’ optd__ ,V%Z_ 30 ERTY OF THE PERKIN-ELMER CORPORATION,
CONNECTOR | ! og' R 5 [ S 02 - — gg l‘ﬁ%.}s' COMPUTER SYSTEMS DIVISION, ‘AND SHALL NOT
"0 l ; —+——t+o5 TV 1 1 AE5IAT —t OF 1 153 SCLKIAL BE DISCLOSED OR USED FOR ANY OTHER PUR-
W o—— ! a0 Ttz T =i~ I - x POSES E XCEPT AS SPECIFIED BY CONTRACT BE-
i
9 PIN NO - o1 7 1281 2% 8 10A07 TWEEN THE RECIPIENT AND THE PERKIN-ELMER
— Tt oL 5a CORPORATION. DUPLICATION OF ANY PORTION
o U D _ _ 09 v z3 SKEDIAI OF THIS DATA SHALL INCLUDE THIS LEGEND.
- ) RMZ24 [1e) 9 3 22 13A06
TITLE
SCHEMATIC
 [TE DRAFTER INTELLIGENT DISC CONTROLLER
3 E.JOHNSON
DATE TASKO3983 SHT
[1-4-81 DWG655-807R02 D08} 20-23

A I B [ ¢ 0D I E ' F | 6 I]H I J ! K ! L [ M I N | R 1 3



A ] B ! ¢ I D L E L F I 6 I _l H I J I K | L ] M . N L
IDC RESISTOR MODULE CONVERSION CHART REVISIONS
RESISTOR MODULE | PIN_NO. [ CONN. NO. [ ROW | PIN NO. MNEMONIC RESISTOR MODULE[PIN NO.JCONN. NO. | ROW | PIN.NO. MNEMON IC RESISTOR MODULE | PIN_NO.JCONN. NO. | ROW [ PIN NO. | MNEMON IC T 1 T T T
_._RM25 8[“ 2. 4 1.3t RM 36 0. ) 3 61 INXIAL o : PRCTG  REL AT ROI-
30 02 60 14A06 7 .
03 29 USELIAI 03 59 INXIB1 Ecil; 72 | ] fr-is-21Tral
1E1 INX2AT ~ - -y
06 25 OA06 0t e 14AT0 I[P | [—Je-31-81 [ro2
07 25 o7 55 NX2B i \ @M 3Z Pin 0%, ADDED P2/l . RM32 AN
[o]:] 24 (0] 54 AD9 l ! 05, ADDED “P31 7. R1790 PIN 06, ADDED
: 09 23 SKEDIBI 09 53 NX3ZAT ‘ “FAULTB! .
RM25 o) E] 4 22 13A07 RM 38 Jo) E] 3 52 14A 14 *e |4 | 531 | ~MS | 3-3/-83[{R0s3
RMZJ6 [o]] ] 25 GN RM 39 ol ) a ()] SECTIAI
02 24 USELIAT 02 60 14806 1 ;
03 23 USELIBI 03 59 ; SECTIBI |
04 22 SKEDIAI 04 5§ | i4RO7 ;
05 21 SKEDIB! 05 57 SECT2AI !
RM26 06 9 ] 20 06 56 14810
C/7 55 SECTZBI
08 54 809
RM27 Ol 9 1 13 GND 09 53 SECT3AI
Q2 ; 12 WDATOAT RM 39 10 ) 4 ¢ 4814
03 ; 'l WCLK@BI
04 ; 10
05 ! 09 SCLKQAL RM40 Ot 8 2 06 P
RMZ27 06 S i 08 02 05 X0
03 04 X1
. 0 03 - X2 ]
RM 28 [o]] E] 2 3 GND 05 02 X38
Q2 | c WDATOBI RM40 06 ] 2 Ol FAULTBI
03 ! i WCLKQAI
04 P 0
0% v ) SCLKOBI RM 41 01 9 2 55 PS5
RM 28 06 ) 2 08 Q2 54 SECTOBI
03 53 SECT!B
04 5¢2 SECT2B
RMZ29 o]l 9 3 i 05 Sl SECT 3
o2 12 RM4] 06 S 2 50
Q3 ] —USELBRI
04 10 i7A01
Q5 09 SCLKOAT RM42Z ol 9 1 55 P5
06 08 10AOI 02 54 SKEDOBI
7 o7 . 03 53 SKED 1 81
08 06 04 52 SKEDZBI i
09 05 SKEDOAI 05 St SKED3BI
RMZ29 10 9 3, 04 13A02 RM42 06 ] I 50
RM 30 [o]] ] 4 13
02 | 2
03 I ] USELPAT
04 ! 10 L 7A02
05 09 | _ __SCLKOBI ) -
06 (0] iOAV2
[oY4 o7
08 06 b
09 05 SKED®BI
RM30 10 ) 4 04 13A01
RM 31 Ot 9 i Q7 GN
Q2 06 USELOAI
03 05 JSELDBI
04 04 SKEDQAI
Q5 k] SKEDDBI
RW3I 013 9 Oc ‘ ‘
RM 32 Qi <] 2 Q7 PS5 — !
[o)] 06 CSELOB!
Q3 Q5 OSEL 1B
04 og P21 i ;
05 o] ] , —— —
v Rz [0z PERKIN-ELMER
RM36 o] ] i 5, 1 Computer Systems Division
Q2 0] INXTATL M i J.
e 23 e — — ¢ = — Oceanport,N.J.07757
C4 58 TNX2A _
05 c7 INX2B “INFORMATION DISCLOSED HEREIN IS THE PROP-
RM36 06 9 _ .1 58 INX3AL b o e —_ : L - _{ ERTY OF THE PERKIN-ELMER CORPORATION,
] [ - . - — COMPUTER SYSTEMS DIVISION, AND SHALL NOT
_ _ - N - . — BE DISCLOSED OR USED FOR ANY OTHER PUR-
M3 8\ 9 z & ey — — { - POSES EXCEPT AS SPECIFIED BY CONTRACT BE-
=5 25 EEET B - i TWEEN THE RECIPIENT AND THE PERKIN-ELMER
54 e SECTAl , CORPORATION. DUPLICATION OF ANY PORTION
55 EECT28) T NS B — j OF THIS DATA SHALL INCLUDE THIS LEGEND.
Ty 5 o 5 GECTRAL . —1 T . T !
[ l, T A‘[ = ¥ Feacnin . .m“,r E F— . - N
; - = S i - ! t ’1 ‘ SCLHEMALIL
| I
£ NOTES DRAFTER INTELLIGENT DISC CONTROULER
E.JOHNSON
: DATE TASK (03983 SHT
2 | {=11-8l DWG6 35-807 RO3 DO8| 21-23
@ AR
A ] B 1 3 ! D | E I F I 6 ! H ! J ! K I L I M I N I R | S




A ] I (4 i D i 3 ] G I H J ] K I L M ! N | -
NET |MNEMONIC|SHT NET [MNEMONIC|SHT NET |[MNEMONICISHT NET |MNEMONIC|SHT NET |MNEMONIC|SHT NET |MNEMONIC|SHT NET |MNEMONICISHT NET {MNEMONIC|SHT| NET |MNEMONICISHT REVISIONS
T T T T L

| 0001 | A11 09 2971 | BOOZ1 15 0130 | €LKSO 19 51687 | DATAO91 25 n2u4 | EXTCLK1 19 7393 | INyoM1 16 0359 | MFC 12 0415 | 13J06 13 7471 | 18K0S 1 FROTO RELEASED AT RoO!
2002 | a21 09 0072 | BicY1 15 5131 | CLK6O 19 2188 | DATRICH 05 2245 | EXTCLRC 63 o30u | INYOB1 16 9360 | #mCO 07 auts | 12313 13 0472 | 18M11 11 vT |a(7“, 5‘ [ I — l“_,9_8,l ROI I
0003 | A31 09 2073 | B1021 15 0133 | cLo7o 23 0189 | DATA111 o5 2247 | FA0BY ou 0305 | INXA1 16 2361 | mIv 09 0417 | 1uF0S 18 0473 | 18m1s 1 S5 PRoTo RELEASE AT <02
2004 | ACCECCH 07 0074 | BIT151 97 2133 } CLOCO 03 0192 | DATA121 (13 n248 | FAO91 o4 0306 | INX1B1 16 5362 | MOUT1 12 0418 | 14FC6 18 474 | 16402 11 JAHI s ] —_— ] —_— |/2-3/-5l IPollx

- 2008 ADRS1 03 0075 B1TCNO 06 013% CMTO 03 0191 DATA131 0S 9249 FA101 04 0307 IRX2A1 1€ 2363 MUX 131 ou 3419 14F09 10 n475 15006 11 AREA M4 NET 488 WAS I6E/2.
0006 | ADRSO 03 2076 | BITSRO1 M 2136 | CNTH 98 0192 | DATA141 05 0250 | FA111 ou 2308 | INX2B1 16 0364 | MoX231 04 0420 | 14F12 18 2676 | 16M11 1 il Dﬁé [5747 [ ms [s-2e-pt Jroa[X
0007 | AE/OE1 08 0078 | BRAO1 10 7137 | cowe 19 0193 | DATA1S1 0s 5251 | FA121 ou 0309 | INX3A1 16 0365 | NWF1 08 o421 | 1uF1s 18 0477 | 15C11 1

2 0008 | ANYCRY1 13 0079 | BRA11 10 5138 | COETACKG | o n19u | pCLe 18 0252 | FA131 L 2310 | IFX3B1 16 0366 | WFWFILF1 | 03 2422 | 14F16 18 0478 | 15F06 i 2
0009 | ARO1 09 0080 | BRA21 10 2139 | CONTSEL1 | 93 0196 | DFO 25 0253 | FA149 04 0311 | INDEX1 15 0367 | 22¢03 73 0423 | 14F19 18 0479 | 15E09 1
0010 AR11 09 9081 BRA31 19 0142 Cl‘)HTS!ICO 93 0197 OLY3US 06 0254 FA151 oy 0312 iurc1r1 19 0368 71RG6 3 0624 15F02 18 0480 15E12 14
2011 | AR21 09 2082 | BRAWA 10 2141 | CTAG31 15 0198 | DLYSYNCO | 06 0255 | FADLTY 1 3313 | INTCLRO 10 0369 | oswo3 23 2625 | 15F0S 18 0481 | 15E15 1

T 0012 | RR31 09 0083 | BRASH 10 0142 | CTLOPTCLY | 03 0199 | DMA13C 12 0256 | FAULTA1 14 2316 | INTDATAO | 05 0370 | o0sme6 03 ou26 | 15F06 % 0482 | 15E16 1 -
0013 | AsERvocO | 17 2084 | BPA61 10 o143 | poe1 N4 0200 | DMAZ230 12 0257 | FAULTB1 1 0315 | boxos o 0371 | 10R11 03 0427 | 15F069 18 ous3 | 15E19 1
0014 | ASERVO10 | 17 0085 | BRA71 10 014y | DO11 0 0201 | DMAGO1 05 0258 | FILE131 23 2316 | EPRDYY 07 0372 | 02R11 0u ou28 | 15F12 18 ougs | 16E02 15

3 0015 | ASERVO2C | 17 0086 | BRAS1 10 0145 | Do21 o4 0202 | DMASTRTC | 05 9259 | FILE130 23 0317 | [IPRYY 23 2373 | o02R08 o 2429 | 1aF1s 18 0uss | 16F0S 15 3
0016 | ASER¥030 | 17 0087 | BRASY 10 0146 | D031 LI 2203 | DR1 07 2260 | FILE231 03 0318 | LASTDAC 26 0374 | 02R06 oy 2430 | 15F16 8 ous6 | 16706 15
0017 | aTNO oy 0088 | BUSAOEC 13 0147 | pous ou 0204 | DRV131 17 0261 | FTLE230 03 2313 | LASTWRD1 | 26 0375 | 02%03 04 0431 | 15F19 18 0u87 | 16F09 15

] 0018 | 801 c9 0989 | BUSYA1 10 2148 | DOSA ou 9205 | DRV231 17 0262 | FILEACKC | 04 9320 | fLBDOY 12 0376 | o6F0z 0% 5432 | o9ros 07 ouss | v1AG) 15 -
0019 | B11 09 0099 | BUSYB1 14 2149 | D061 ou 0206 | DPO 03 7263 | FILESELT | 93 n321 ?LBDH 12 1377 | 04F0S 0s o433 | 1uK0u L] o489 | 16F1sS 15
0920 | B21 09 0091 | BUST1 18 2150 | D071 ou 0207 | EBLCNT! 13 0254 | FILESYNCT | 03 0322 | 1Po23 " 2378 | oeFo6 0s 634 | 14K0S 18 0490 | 16%16 15

4 0021 | 331 29 0092 | =CONT 23 0151 | Doe1 o4 9208 | EBLOUTO ou 0265 | FILESYNCO | 03 0323 éwnu 2 2379 | 06F09 05 2435 | 1ux06 19 cu91 | 10805 17 4
0922 | BAOE1 13 0094 | cA0B1 23 7152 | D091 ou 0209 | 19F06 06 7266 | FINT1 ou 3324 | LRD&1 12 2380 | 06F12 05 nu3s | K10 18 2492 | 10R0S 17
0023 | 3dC1 18 0395 | CAGY1 13 0153 | p1o1 04 9210 | FEccoed 1 0267 | =FILEY 03 0325 | LADS1 12 0381 | 06F15 05 0437 | 1K1 18 n493 | 09805 17
0024 | D11 18 2696 | cA101 03 0154 | D111 o4 3211 | ECCO1t 1 0268 | FLDAO 03 2326 | LRDE1 2 0382 | 06F16 05 pu3s | K12 18 0494 | n9R09 17

N 2025 | 8D21 18 2097 | ca111 3 2155 | D121 na 9212 | ECCO21 7 0269 | FLDRO 03 n327 | 13D71 12 0383 | 06F19 o5 ou39 | 1uK13 18 3495 | 20006 13 8
2026 | 8D 16 2098 | cat21 03 9156 | D131 24 0213 | ECCO31 1 0270 | FLOCO 03 0328 | LDA1 03 9384 | 75F02 05 ouuo | 15Kk03 18 o496 | owrPUT 10

5 2927 | 801 18 9999 | cA131 23 n157 | D161 23 0214 | ECCOu1 1" 2271 | FLSRO 03 0329 | LOR1 03 0385 | 05F0S 05 oust1 | 15K04 18 2697 | 10R08 10 5
n28 | BDS1 18 a190 | chaee 03 0158 | D11 ou 0215 | ECCOS51 11 0272 | FMTENBL1 | 93 0330 [ LDCTO 05 2386 | 95F06 ot ous2 | 15¢05 1 au98 | OOHOE LE
0029 | BD61 L] 0101 | ca1s1 03 h159 | D000 on 0216 | ECCO61 1 0274 | FUNCOO LE] 9331 | LDCBO 95 0387 | 05F09 05 osu3 | 15K06 L] 0500 | 20812 19 .
0030 | 3071 18 0182 | CARRYI 12 5160 | D010 ou 0217 | ECCO7Y " 9275 | FUNC10 03 0332 | LDDKA1 12 0388 | 05F12 0s a4y | 15K10 18 0501 | 25805 19

N 2031 | Aot 29 0103 | CARRY?? 12 5161 | DO20 ou 0218 | ECcoe1 1 0276 | FUNC20 03 9333 | LDDMAO 0s 0389 | 0SF15 05 ouus | 15K11 18 2502 | 14J13 18 =
0046 | BDIOO1 28 o104 | cB1TO 1 2162 | po30 0 0219 | ECC091 1 0277 | F=0 12 0334 | LDDSKC 0s 0390 | 0SF16 05 ouus | 15K12 8 9503 | 14F02 18
0047 | BDIO1 08 0105 | cB1TY m 2163 | peuo oy 0220 | ECC101 1 0278 | GOTOGO 19 0335 | LDHIBYT1 | 96 0391 | 05K19 05 0447 | 15K%3 18 9504 | 18C10 19

6 oous | BDIO21 08 2106 | cco 12 2164 | DESO ou 9221 | ECCIM LA 1279 | GPDOSH 05 0336 | LDLOBYT1 26 0392 | 19F03 06 ouus | O9R10 07 0505 | 22K11 18 6
0049 | BDTO31 08 2107 | ccLxo 19 7165 | D060 o 0222 | ECC121 1 0280 | GPGO91 [H 0337 | LDPAGEG 05 0393 | 22F03 07 ouuy | 2uR0S 07 0506 | 14203 16
0050 | BDIOW1 08 0108 | CTNUXPI 06 0166 | Do70 ou 2223 | ECC131 11 9281 | GED101 05 0338 | L0C1 03 0394 | 22F06 07 ous0 | 01R08 07 0507 | 14A0S 16

- 0051 | BDIOS? 08 0109 | censo 12 0167 | Doso o 022¢ | ECC181 1 0282 | GPD111 05 2339 | LOFO 0s 0395 | 17306 27 0451 | 23R06 07 0s08 | 1WA 16 L
0052 | BOOT1 1 0110 | DDWAGC1 06 3168 | D090 ou 0225 | ECC1S1 1 0283 | GPD121 s 0300 | LONO 05 0396 | 17309 07 04s2 | 23R09 07 0509 | 14A13 15
0053 | B0OZ1 " 0111 0169 | D100 " 0226 | ECC161 1 0284 | GED131 0s a347 | LF131 12 0397 | 17J08 07 ous3 | 21R08 07 0510 | 14B03 17

7 2054 | BO1T1 1 0112 | ciwtt 04 n170 | D110 o 0227 | ECC1TH 1 0285 | GPD141 05 0342 | LP23i 12 0398 | 21F11 06 ouss | 20806 07 9511 | 16805 17 7
0055 | B0O1Z1 14 5113 | CINTCLRO 05 0171 | D120 ou 0228 | ECC181 11 2286 | SPD151 05 0343 | LSP1 93 0399 | 22704 06 0455 | 17RO9 07 o512 | 111 17
2056 | BO2Y1 14 0114 | c1na 09 5172 | D130 " 0229 | ECC191 1 0287 | HWO 06 03Uk | MA1 or ou00 | 18F09 06 ouse | 21R11 07 0513 | 14B13 17
0957 | BO2Z1 1u 2115 | CLK6u1 19 3173 | DAwo 2a 0230 | ECC201 1 0288 | 101 09 0345 | NAXADDOY | 06 o401 | 12F14 13 0us? | 18R11 07 0514 | RM6-02 16

] 0058 | BO3Y1 14 5116 | cLKuSe 19 5174 | D150 04 9231 | ECC3NM 1" 0289 | I11 09 0346 | MAXADD11 | 13 0402 | 12F13 13 ouss | 19ROS 07 0515 | RM5-02 16 B
0059 | Bo3zZ1 14 2118 | CLK231 19 9175 | oAt 03 0232 | ECCCLK1 07 0290 | 121 09 03u7 | maxapp21 | 13 ow03 | 12F12 13 ouss | 18R03 07 0516 | R®38-02 16 PEHK'N_ELMER
0060 | BOWY1 1 2119 | cLx23c 19 a176 | DAR1 Y 0233 | ECCHIC 05 2291 | I31 09 03ug | MB1 o8 ouou | 12F11 13 0460 | 18RO8 07 0517 | RN38-04 16

8 0061 | BOWZ1 i 2120 | cLx1s 19 0177 | phor 03 0234 | ECCLOO 25 0292 | 141 09 03u9 | Kc1 08 ouos | 13F14 13 0461 | 16R06 1 2518 | RM38-06 16 Computer Systems Division 8
0062 | BosTY ™ 0121 | cLsupe 10 c178 | oathoc 9e 0235 | EDSO 0s 0293 | 151 09 0350 | MCEA 08 ouos | 13F13 13 ous2 | 22M08 " 0519 | BN38-08 16 Oceanport,N.J. 07757
0063 | BOSZ21 14 0122 | c1K1200 19 2179 | DATAO11 0% 7236 | EBLDO1 05 2295 | 161 n? 0351 | ®D081 ou 0407 13F12 13 0463 | 17K03 11 0520 | RM38-10 16 INFORMATION DISCLOSED HEREM 15

] 0064 | 806Y1 14 0123 | cLK12385D1] 19 3180 | paTAoz1 | 95 0237 | EBLD31 0s 0296 | 171 09 0352 | D091 ou owos | 13711 13 ouss | 17Ko6 L 0521 | RN9-02 16 ERTY OF THE PERKIN-ELMER CORF!‘\IORJTF:EJS,ROP. —
0065 | BI6Z1 1u nt20 | cLK1 06 2181 | DATA031 05 9238 | EBLD21 05 5297 | 181 29 9353 1 MD101 o4 0409 | 12303 13 o465 | 17KOB 11 9522 | RM10-02 17 COMPUTER SYSTEMS DIVIiSION; AND SHALL NOT
0066 | BOTYY " 2125 | CLK1O 19 7182 | DATAOU? 98 0239 | ERLD31 05 0298 | IDLEC 06 0356 | 4111 ou out10 | 12J02 13 0us6 | 17x11 1 0523 | RM9-0U 17 gg;é':g')—(%%%? QSRSL:’SEECCI'Fﬁgg BAYNEC())J:;:C’TFU:E )

9 9067 | BO7Z1 1% 5126 | cLK20 15 1183 | DATAGHT 0% 0240 | EBLDAA 25 0299 | IDLEY 06 0355 | mp121 o out11 | 12J06 13 0467 | 17M05 1" 0524 | RM39-02 7 TWEEN THE RECIPIENT AND THE PERKIN-ELMER |9
0069 | BoBZ1 15 0128 | cLKan 13 f1es | DRTAGTA 2e 0242 | ESFS 95 2331 | ILDRO 03 7357 | AD141 0u 0613 | 13703 1 0469 | 17M14 iR 0526 | RM39-06 1
0070 | Bo9T 15 1120 | cixen 6 c1as | oaracen 5e s2u3 | EsTBRAC 2t 9302 | YL3RO 03 5358 | #D1s1 o4 os1e | 13302 13 ou70 | 18M02 " 0527 | RN39-08 1 TITLE SCHEMATIC .

) P CROSS REF NET# MNEMONIC, SHT#

Wores DRAFTER I.D.C.

5 P. MARCUS

; DATE TASK 03983 SHT

,< S S S s JoWe 35807 Ro3 —DO8| 2223

A ' 3 T D i E ! 6 L H J ; K 1 L M ' N i R S



|

A - B ] ¢ i D 1 E | | G i H 1 J 1 X ! L M L
| ‘ ‘ \ “ T | MNEMONIC{SHT T |MNEMONIC | SHT REVISIONS
NET |MNEMONIC | SHT NET | MNEMUNICISHT \ NET |MNEMONIC, SHT NET | MNEMONIC|SHT; NE T | MNEMONIC|SHT NET |MNEMONIC|SHT NET | MNEMONICISHT NET | MN| NE T - T T T
. |
3528 | RM33-1C 17 0585 | 18HOS ch Fﬁm R¥S1 v9 2717 | RGATEM 07 3775 | SFL1 17 0832 | 4In 15 0988 | WSK1 18 0946 | GNCOLM L 1005 | GNDO3K |03 PROTO RELEASED AT RO
¢ - -
9529 | AM10-08 17 2587 | SKSD 0% 0662 | RR11 09 0718 | R3ATEO 18 0776 | SkLO1 15 0833 | Lot 15 0889 | XFERHIO 05 7947 | SNDO7M ou 1006 | GNDOGK |03 vT b’ﬁogw —_— } — l“ 19 8|| RO\
0530 | RM6-0UL 14 1588 | BUSSNO 06 0663 | RB21 09 0719 | RIO1 0o 9777 | 3%L11 15 7934 | SP1 23 0890 | XFERLOO 05 2948 | GNDIGM 18 1007 | 22M12 Q4 ZNE PROTC  REL AT ROZ .
2531 | R¥S=04 - 2589 | ows0a o€ 2666 | RB31 0 2720 | RI11 0% 3778 | SFL21 15 2435 | sRo 03 0891 | XFRDONF1 27 0949 | SNDISM 18 1008 | 22€06 04 E_C‘J_KM% I | p— |IZ—31~81 l&oal
- 0532 | RM6-06 14 0592 | NXCIN1 13 9665 | RRCO 05 0721 | RI21 0@ 0779 | SFL31 15 2836 | SSYNO 05 0892 | XFRREQ? 07 0950 | SKD23M 6 1009 | 22406 04 ADDED NETS 1647 lito 3 HER N3,
0533 | RM5-06 1 9593 | oc1 3 7666 | RRDO 25 0722 | RI31 09 0780 | USELOA1 15 0837 | STCHK1 06 0893 | XFRSYNCO | 07 €951 | GNDOSR ou 1010 | 22407 |04 swc [ﬁn/c ] ] - l i ]@5
A -
“ 2657 | RBDIOC? oe 0723 | RIG1 09 9781 | USFLOB1 15 0838 | 14F07 12 9894 | 168HZ1 19 3952 | GFDOGR ou 1011 22J12 o4 NET 1012 WAS PSISD.
9534 | RHS-OE i 0s9y | OFFO > . . NET 1019 WAS GND23F, SHT G.
] 0535 | RM6-08 14 0595 | OFLOW1 12 0668 | RBDIO1I 08 0726 | RIS1 90 0782 | USEL1M 15 0839 | STPSLCHC 05 0896 | GMEC 12 7953 | GNDO?R oy 1012 NET {020 WAS 23FI5 , SHT G.
~ 2 ED.
0536 | RM10-06 1 0596 | ONO 21 2669 | RRDIO21 08 0725 | RI61 09 0783 | USFL1B1 15 n8ud | sYNO1 06 7897 | L¥E1 12 0954 | GNDOBR ou 1013 | 21HO6 06 NETS I%TH_EU 1023 WERE ADDED
i .C.J- M soi2 M 3-2-82 |RO4
97 | oncyLr 14 2670 | RRLIO31 08 9726 | RIT1 99 0784 | USEL2A1 15 841 | SYN11 06 0898 | 00MOS 10 9955 | GNDI?R 97 1014 16HO8B 06 ¢ I( . l | l — — l |
9537 | R49-06 18 05 2 iRO3 o SIEE R i PEE, FDCED We7 rord.
. : 8 a 578 USEL2B1 1% nss2 | SYNCO 07 0956 | GND22R 07 1015 i .
i 2538 | Am10-c8 15 0598 | OKCYLR! 1o 9671 | r3DIONI 0 0727 | Bre 0 5 Bk | ¢ | sozd | pm | 3-15-62 | oS
0539 | RN9-08 14 7599 | oNCYLo 14 0672 | RBPIOS? 0 0728 | RMA1 09 2786 | USEL3AY 1€ 0843 | SYNCOKN1 37 0899 | 772G/ 16 7957 | SND23R 07 1016 | GND2IH |06 DELLTED Pal” SnT 4 Feom NET Ioi%
osus | TACXO1 24 0900 | DMASRO 76 0958 | GNDOOK L 1017 | FOUND 05 -
0540 | RM10-10 14 0600 | OBCADY1 17 1673 | RBRAOY 10 0729 | EMR1 08 2787 { USEL3E1 15 I?)IB 22003 04 JW I I1si27 Im 1732—53 ROG [Z
0788 | USFLOY1 17 0845 | SCTY1 15 0901 | IPRYO 03 0959 | GNDIBH 06 R
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We try to make our publications easy to understand and free of errors. Our
users are an Integral source of information for improving future revisions.
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