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PREFACE

This manual contains hardware information for the HP 3000 Series

44 and HP 3000 Series 40 Computer Systems. Specifically, this
manual contains perequisite reading material for all personnel
that attend Hewlett-Packard training courses related to these
systems. Since the information contained in this manual is
approximately the same as that presented during classroom
lectures, this manual should be retained for classroom reference,
review, and note-taking purposes.

The HP 3000 Series 44 and HP 3000 Series 40 Computer Systems are

functionally the same, differing only in physical characteristics
and power supplies. Since both systems utilize the same
hardware and operating system, and can be operated identically,
this manual is divided into two parts. Part 1 consists of
detailed information for HP 3000 Series 44 and that which is
common to both systems. Part 2 contains information that applies
only to the HP 3000 Series 40. References are made from Part 2
to Part 1 for information common to both systems.

Additional Hewlett-Packard documents that may be used during the
training course and for on-site references are:

HP 3000 Series 40 Installation Manual, P/N 30090-90002

HP 3000 Series 40 System Block Diagram, P/N 30090-90003

HP 3000 Series 49 U Code Listing, P/N 36090-90004

HP 3000 Series 40 CMP Self Test Manual, P/N 30090-90005

HP 3000 Series 40 CMP Remote Maintenance Manual, P/N 30090-90006
HP 3000 Series 40 CMP Maintenance Mode Manual, P/N 30090-30007

HP 3000 Series 40 Pronto Memory Diagnostic Manual, P/N30090-90001
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PREFACE (continued)

HP 3000
HP 3000
HP 3000

HP 3000
m85

HP 3000

HP 3000

Series 40 Upgrade Installation Manual, P/N 30090-90008
Series 40 Engineering Diagram Set, P/N 30090-90009
Series40 Memory Add-On Installation Manual,P/N30090-90002

Series 40 30087A Upgrade Kit Installation Guide,
P/N 30079A-90002

Series 40 300079A Add-On Installation Manual,
P/N 30079A-90002

Series 44 Installation Manual, P/N 30170-90002
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General Specifications

1-1. PHYSICAL DIMENSIONS

Height 28.5 in. (72.4 cm)
Depth 31.25 in. (79.4 cm)
Wwidth 72.25 in. (183.5 cm))
Weight (uncrated) 240 1lbs (109 kg)
Weight (shipping) 310 1lbs (141 kg)g)



General Specifications

1-2. POWER REQUIREMENTS

Voltages 200 to 240 VAC in
10 volt steps (+4%, -10%)

Frequency 60 and 50 Hz (+/- 0.5 Hz)
Current (at full load)

Single Card Cage: 8.3A at 208 VAC for 60 Hz,
8.1A at 220 VAC for 50 Hz

Dual Card Cage: 13.1A at 208 VAC for 60 Hz
12.4A at 220 VAC for 50 Hz

Power (at full load)

Single Card Cage: 1280 watts at 60 Hz, 1400 watts
at 50 Hz
Dual Card Cage: 2160 watts at 60 Hz, 2220 watts
at 50 Hz
Circuit Breaker Rating 24A
Power Connection Power cord supplied with 60 Hz

models. No power cord supplied
with 50 Hz models.



General Specifications

1-3. ENVIRONMENTAL
Temperature
Operating

System (recommended): 68 to 78 deg F

(20 to 25.5 deg C)
(maximum, 48 hrs): 86 deg F (30 deg C)
(minimum, 48 hrs): 55 deg F (15 deg C)

Non-operating (maximum): 167 deg F (75 deg C)
(minimum): ~40 deg F (-40 deg C)

Rate of Change 10 deg F/hr
(4.5 deqg C/hr)

Relative Humidity

Recommended operating: 40 to 60 percent
(no condensation)
Non-operating 5 to 80 percent
Altitude
Operating Sea level to 4600m (15,000 ft)
Non-operating Sea level to 15,300m

(50,000 ft)



General Specifications

14. PROCESSOR

Word Length 16 bits
Number of instructions 195
Minor clock cycle time 26.3 ns
Microinstruction Cycle Time 105 ns (four minor clocks)
Physical Address Space 18 Mbytes
Maximum Code Segment Size 16 Kwords
Maximum Data Segment Size 32 Kwords
Maximum Number of User

Code Segments 63
Maximum Number of User

Data Segments 256
Decimal Precision 28 digits
Major Clock Cycle Time 100 ns
Minor Clock Cycle Time 25 ns
Real-Time Clock Resolution 1 ms

Note: The microinstructions require four major clock cycles,
however, each microinstruction overlaps so that a new
one starts every major clock cycle.



General Specifications

1-56. MEMORY

Semiconducor memory with single-bit error correction and double-
bit error detection.

Word Length 39 bits (32 + 7 for error
correction/detection)
Error Detection 2 bits per 32-bit word
Error Correction 1l bit per 32-bit word
Memory Module Size 256 kbyte (using 16k RAMS)

1 Mbyte (using 64k RAMS)
Maximum Memory Size

per card cage 2 Mbyte (using 16K RAMS)

Per System 8 Mbyte (using 64k RAMS)
Maximum Modules per 8

Controller

Read Access Time 300 ns (worst case ADO to DDN)
Battery Backup Time 15 minutes



General Specifications

16. INPUT/QUTPUT STRUCTURE

Common asynchronous bus structure with individual data channels.

Maximum Number of Data Channels . 15
Channel Types:

General I/0 Channel 5 per system, maximum
(for HP-IB compatible devices)

Maximum number of devices 8 per channel
Maximum transfer rate 980 kbytes/s
Maximum total cable length 13m (50 ft)

Asynchronous Data Communication 16 maximum
Channel (for asynchronous
RS-232-C compatible devices)

Maximum number of ports per 60

system

Number of ports per channel 8 {4 on Main and 4
on Extender)

Data rates 50, 75, 110, 134.5,

150, 200, 300, 600,
1200, 1800, 2400,
4800, 9600 Baud

Maximum data cable length 30.5m (100 ft)

1-7/1-8
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Control Panel/Console

2-1. INTRODUCTION

This section describes the system control panel and the system
console keys that relate to the control panel functions.

2-2. SYSTEM CONTROL PANEL

The system control panel (figure 2-1) is a module that contains
the necessary circuits on two PCAs to perform the control and
monitoring functions of the HP 3000/44 Computer System. The mod-
ule is located behind the front door, which is normally locked.
A beveled slot in the front door exposes two indicators, the
POWER indicator and the REMOTE CONSOLE indicator.

The system control panel contains hardware-related and software-
related controls. Also, indicators monitor the status of the sys-~
tem and power supplies. The two hardware-related controls are RUN
and HALT. While the system is running, the CPU will respond only
to the HALT control. The software-related controls are START
(warmstart), DUMP (memory dump), and LOAD (cold-load). Up to
eight channels and eight devices on each channel can be addressed
for a cold-load, warmstart, or memory dump. The channel and de-
vice addresses are set by the thumbwheel switches located direct-
ly under the START, DUMP, and LOAD switches. The addresses are
gated out when the respective momentary switch is pressed.

The system control panel includes four other switches. These
switches are used to configure the system disc, enable or disable
maintenance mode on the system console, enable or disable the
remote console capability, and enable or disable the system con-
sole functions that duplicate the control functions on the system
control panel.
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Figure 2-1. System Control Panel

2-3. Switcn Functions

e HALT Switch

This is a momentary switch that causes the CPU to halt if it
is in the run state. There is no response if the CPU is
halted.
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® RUN Switch

This is a momentary switch that causes the CPU to go from the
halt state to the rin state. There is no response if the CPU
is in the run state.

e LOAD, START, and DUMP Switches

Each function has one momentary switch and two associated
thumbwheel switches. The thumbwheel switches select the chan-
nel and device addresses, and the momentary switch gates the
selected address out on the channel and device lines to the
CPU. Each channel switch wheel is marked 4 through 11. The
corresponding BCD outputs sent to the CPU will be 0 through 7.
The CPU adds 4 to the channel number so that the result will
be the same as the switch marking. This numbering scheme is
used so that channels 0 through 3 can be reserved for terminal
use. The device number switches are marked 0 through 7 and the
corresponding BCD outputs are also 0 through 7.

e SYS DISC Switch

This is a two-position switch that configures either a fixed
disc or removable discs as the warmstart devices of the system
disc. For example, with the switch set to NORMAL the warmstart
microcode will address head zero of the system disc drive.
When the switch is set to SPLIT, the microcode addresses head
two of the system disc drive.

® CONTROL FUNCTIONS Switch
This is a two-position switch that, when set to ON, enables
the console functions. These functions include the system con-

trol panel functions, such as START, DUMP, LOAD, RUN, and
HALT. When set to OFF, the console functions are disabled.

e MAINT MODE Switch

The output of this switch is sent to the Control and Mainten-
ance Processor to enable the system console maintenance mode.

® REMOTE CONSOLE Switch

This switch enables the remote console capability.
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24. Indicator Lights

Three SYSTEM indicators display system status. The RUN indicator
is a yellow LED that is lit when the CPU is operating. The ACTIV-
ITY indicator is also a yellow LED that provides a visual indica-
tion of IMB activity. The HALT indicator is a red LED that lights
when the CPU is in the halt state.

The POWER and REMOTE CONSOLE indicators are visible through the
front panel door window when lit. The POWER indicator is a yellow
LED and represents DC power integrity. The REMOTE CONSOLE indi-
cator is a red LED that is lit when the remote console facility
is enabled.

Two warning indicators are included on the front panel. The AC
LOW indicator is a red LED that lights when the system switches
to battery backup power. The OQVERTEMP indicator lights red when
the temperature exceeds the threshold (135 degrees F/57.3 degrees
C) of any temperature transducer in either card cage. The LED is
reset by momentarily turning off then on the AC circuit breaker.

Two groups of power supply LEDs provide status of the power sup-
plies for the main card cage and the extender card cage. The
LEDs are off during normal operation. If a failure occurs in a
particular power supply, the corresponding LED lights.

2.5, SYSTEM CONSOLE

The system console may be any of the 264X or 262X terminals, or
an HP hard copy terminal such as the HP 2635 printing terminal.
The system console appears to the operating system as a standard
system console and displays normal MPE console information. The
console can also be used as a session device. In addition, system
status is displayed, and the console keys can be used for dupli-
cating certain control panel functions.

The console control functions that include the system control
panel functions are implemented by entering CNTL B, waiting for a
prompt " -> ", then entering the command. The commands are enter-
ed fully spelled out. When the system is halted, the prompt is
automatically displayed.

Console operator commands, session modes, and system manager
operations are the same as that for all previous HP 3000 computer
system operations.
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26. C le Control F

The console control functions are listed as follows:

e HELP This command prints a list of control and maint-
enance processor (CMP) commands.

e HALT This causes the CPU run/hat flip-flop to be set to
HALT. This function duplicates the halt function on
the system control panel.

e RUN This causes the CPU run/halt flip~-flop to be set to
RUN. This function duplicates the the run function
on the system control panel.

e DUMP This initiates the dump command, loading the soft-
dump facility from the device specified by the
thumbwheel switch. When the command is entered and
the system is .in the run mode, the following message
will be displayed:

"IS IT OK TO ABORT THE OPERATING SYSTEM?"
The user must respond "YES" to perform the dump.
This command duplicates the same command on the sys=-
tem control panel.

e LOAD This causes the cold load function to be performed

from the channel and device thumbwheel switches.
When this command is entered and the system is in
the run mode, the following message will be dis-
played:

"IS IT OK TC ABORT THE OPERATING SYSTEM?"
The user must enter "YES" to perform the load. This

command duplicates the same command on the system
control panel.



e START

e SELFTEST

Control Panel/Console

This causes the warmstart function to be performed
from the device specified by the thumbwheel switch-
es. When this command is entered and the system is
in the run mode, the following message will be dis-
played:

1S IT OK TO ABORT THE OPERATING SYSTEM?"

The user must enter “YES" to perform the warmstart.
This command duplicates the same command on the sys-
tem control panel.

This command initiates the system selftest function.
When this command is entered and the system 1is in
the run mode, the following message will be dis-
played:

"IS IT OK TO ABORT THE OPERATING SYSTEM?2"

The user must enter "YES" to perform the system
selftest.

This command displays a log of actions performed or
detected by the CMP. These events are:

Display On DISPLAY command entered
Dump DUMP command entered
Halt CPU went to halt
Halt Command The HALT command was used
Iomap IOMAP command entered
Load LOAD command entered
Power On Power-on reset to CMP
when battery power was lost
Power Fail/Reset A power fail occurred or the

PON signal went low without
loss of memory backup power

Run CPU wne to run

Selftest OK System selftest passed

Selftest Failed System selftest failed

Shuttest Power shutown test
performed

Shuttest Failed Power shuttdown test failed

Start START command entered



Control Panel/Console

e DISPLAY
e SPEED
® :SPEED

® SHUTTEST

e DCTEST

These events are listed with the elapsed time (ex-
cluding power off duration) since the event occur-
red. The last 63 events are displayed. An example
is:

Event Log
Days Hrs Min Since Event
2 23 05 Power On

3 20 Overtemp Shutdown

3 20 Power Fail/Reset

2 25 Halt

2 20 Start Failed

2 05 Halt

2 03 Load Failed

1 51 Halt

1 50 Cold Load

1 50 Selftest Failed
03 Cold Load
02 Load

This command causes the maintenance display to ap-
pear on the screen.

This command allows the user to change the baud
rates when MPE 1is not running. The receive and
transmit are specified in the command as follows:

SPEED <RATE>, <RATE>

This command is identical to the SPEED command but
allows the CMP and MPE to be set to the same speed
simultaneously. This command is used when MPE is
running.

This command test the power fail and overtemp shut-
down circuitry on the CMP and power supply. When the
command is entered, the message "Cycle Power to Re-
start System" is displayed. This shuts down all pow-
er except memory power. To bring the system up after
this test cycle the main power breaker on system. If
the test fails, the message "Test Failed" will ap-
pear on the screen.

This commands performs testing of the RS232 signals
on the CMP. A special test adapter must be installed
between J3 on the CMP and the standard CMP cable.
The CMP cannot be in the remote mode while perform-
ing this test.
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e IOMAP This command printsd the current system
configuration. The memory size, control panel

switches, and all channels and devices in the system
are identified.

Invalid command names will cause the message "INVALID COMMAND,
USE HELP FOR INFO" to be displayed.

2-9/2-10
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System Overview

3-1. INTRODUCTION

This section describes the HP 3000 Series 44 Computer System
(figure 3-1). An overall system hardware description is provided
with a description of the bus system and the I/O elements
included. Bus control and command structure are also described.

The HP 3000/44 is designed around independent elements that are
organized together through a communication network. The elements
of the system consist of a central processor, memory arrays with
a memory controller, I/O channels, and a bus system that enables
communications between the elements. Also, the system includes a
system console, system control panel, and a control and mainten-
ance facility. Peripheral elements attach to the system through
the I/0 channels.

3-2. BUSSYSTEM

The elements that make up the bus system include the intermodule

bus (IMB), the Hewlett-Packard Interface Bus (HP-IB), and the
RS~232-C Data Communication Line.

3-3. Intermodule Bus

3-4. Bus Control. Communication between the CPU, Memory and I/0
modules 1is carried over the IMB, Because the CPU generates
greater than 90 percent of the Bus activity, it is given contin-
uous access to the bus and relinquishes control to the I/O chan-
nels only on request.

The IMB has separate address and data paths each with handshake
controls that operate in a master/slave mode to transfer data
between modules. The CPU talks to memory and to the I/0 system
and always functions as a master. The GIC channels function as
masters to memory but become slaves when talking with the CPU. To
access memory, the I/O channels must request the bus through a
priority structure. Any channel request will cause the CPU to
religuish control of the IMB so that the request can be serviced.

3-4. Bus Control. The bus control signals control access to the
IMB and include the bus handshake signals. The lines that control
bus access are BRQ (bus request), BACK (bus acknowledge), PRO
(priority out), PRI (priority in), and PRCY (priority carry), the
latter three of which are the priority tree signals for bus ac-
cess. The handshake signals are discussed in later sections.
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BRQ (Bus Request) Low True Open Collector

This is an OR-tieable line asserted by any channel to request
access to the bus from the CPU. A true PRI input priority and
BRQ high are required to assert a bus request.

BACK (Bus Acknowledge)

This is a unidirectional line that 1is driven by the CPU to
acknowledge release of the bus to the channel asserting BRQ. The
CPU releases BACK at the termination of the BRQ signal. Simul-
taneous bus requests are resolved by delaying the response to BRQ
to allow for propogation through the priority chain for disabling
the lower priority module.

PRI (Priority In) High True

The PRI's are input signals to the I/O channel and the AND of all
ten must be true to be given access to the bus for memory
service. On the channel card each PRI is pulled high to +5 volts
through a 10K pull up resister. A tree structure is built 'into
the backplane to establish priority as a function of physical
location on the bus.

PRO (Priority Out) High True

This a normally true output signal from a module indicating lack
of interest in the bus. This signal becomes one of the ten input
PRI's to lower priority modules. By pulling PRO low, a channel
requesting the bus can prevent access to the bus by lower
priority channels.

PRCY (Priority Carry) High True

This is an output signal representing the AND of PRO of that mod-
ule and the ten input PRI'S to the module. This signal 1is used
on the backplane to restart the priority tree when the input PRI
number reaches ten.

3-5. IMB I/O Commands. Interpretation of a channel instruction
generally results in several transactions with a channel. It is
necessary to specify IMB I/O commands in order to communicate the
desired action to the channel. When the IMB operatiocn is related
to I/0 (rather than memory), the sixteen low order IMB address
lines assume a fixed format which is interpreted by the channel.
(Refer to tables 3-1 and 3-2.)
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The Addressing Mode indicates whether the command is addressed to
a single channel or whether it 1is global and affects all
channels. If bit 0 is a one the command is global. Commands
that share code values are discerned by the three Bus Operation
Code 1lines of the IMB, which specifies whether the operation is
an I/0 Read or an I/0 Write.

The bus operation code lines are multiple source three-bit bus
that carries the operation to be executed by the slave. The oper-
ations and their opcodes are as follows:

Operation Opcode
Memory read word 000
Memory read/write 1°s 001
Memory write word 010
Memory control/read status 101
I/0 read 100
I/0 write 110

Table 3-1. IMB I/O Commands

IMB Command Mnemonic IMB Operation Opcode
Read Data RIOC read 0000
Obtain Interrupt Info OBII read 0010
Obtain Service Info OBSI read 0100
Service Poll 1 SPOLL1 read 1100
Write Data WIOC write * 0000
Initialize Channel INIT write 0010
Start I/O Program SIOP write 0100
Halt I/0 Program HIOP write 0l10
I1/0 Clear I0CL write 1010
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Table 3-2. IMB Command Code Format

0 3 4 7 8 9 12 13 14 15

Command Register X Channel X X X
Code No. No.

Read Data (RIOC) and Write Data (WIOC)

The RIOC and WIOC commands are associated with several machine
instructions as well as assorted tasks such as serial polling of
devices on the GIC. These commands transport the information on
the the IMB data lines from or to a particular channel. The com-
mands are also used to select the source or destination (Register
Number) of the data at the channel controller.

Interrupt Poll and Obtain Interrupt Information (OBII)

Interrupt Poll and OBII commands are issued by the CPU interrupt
processing microcode to determine the number of the device whose
interrupt request will be serviced. Interrupt Poll is issued in
response to the IMB IRQ line being asserted. This IMB global
command causes each channel to assert a logical 1 on its assigned
IMB data line if it is asserting IRQ, and to assert logical 0 on
that line otherwise. The interrupt processing microcode deter-
mines the highest priority requesting channel, then issues OBII
to the channel. The channel returns the number of the highest
priority device which had an interrupt pending and its channel
number. The returned word will be used to vector through the DRT
entry for the device to the device software driver.

Initialize Channel

Initialize Channel causes a particular channel's hardware to be
reset to a known state. I/0 Clear causes a similar resetting
action to all channels simultaneously. The specific actions
which results from these commands are dependent upon the channel
hardware.

Start I/0 Program (SIOP) and Halt I/0 Program (HIOP)

The SIOP and HIOP commands I/0 Program provide the link between
software control of channel programs and the execution of those
programs. When software causes a change in the running status of
a device channel program, the channel will request service by
asserting CSRQ. The CPU microcode will subsequently perform the

3-6
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tasks required to inititate or terminate execution of the channel
program.

During a SIOP or a HIOP, the IMB data lines contain the status
change information which enables the channel to request service
because of a change in running status. However, certain in-
stances occur during the execution of channel programs which re-
quire the interpreting microcode to change the running status of
a program without also causing a channel service request. If the
proper bit is set, the Status Change condition is cleared and no
service request results from the SIOP or HIOP command.

3-7. IMB Access. Bus access is achieved on a priority basis.
There are three priority structures: slot, channel, and device.
Each I/0 PCA that can access the IMB must request bus access
either using the slot or channel priority. Devices are serviced
in the order of device priority. The CPU has the lowest priority,
and is responsible for controlling IMB access. Different I/0
PCA's may request control of the IMB for different reasons and
one may retain control by continuing to request after having been
granted access.

3-8. Slot Priority. Slot priority is used only for the General
I/0 Channels (GIC) during DMA transfer. The highest priority in
this structure is assigned to the GIC that is physically closest
to the CPU.

3-9. Channel Priority. Any combination of channels may be
asserting IRQ, or CSRQ at one time. When the channels are
polled, the lowest channel number has the highest regquest prior-
ity on each request line.

3-10. Device Priority. Within the highest priority requesting
channel device priorities are:

IRQ: If several device interrupt bits are set the lowest numbered
device will be serviced first.

CSRQ-parallel poll: If CSRQ is due to an affirmative poll
response ©oOr a change in channel program status, then the device
on the highest DIO line (lowest device number) has the highest
priority.

CSRQ-serial poll: If a serial poll must be conducted to determine
which device is serviced, then the device priority is determined
by the poll table. The first device polled has highest priority,
and polling stops at the first device requiring channel program
service.
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3-11. HP4B

The HP-IB is the standard interface bus between a GIC and devices
on a channel. The bus consists of eight data lines and eight con-
trol lines. One end connects to the side or rear junction panels

and the other end employs multiple connectors to attach to de-
vices.

3-12. Commands. The HP-IB protocol specifies the command
structure which can be used for device control. Before a device
can accept data over the HP-IB, it must receive an Address-To-
Listen command containing its device number. Likewise, data can-
not be acquired from a device that has not received an Address-
ToTalk command. The HP-IB channel instructions invoke these com-
mands for all write and read operations, with the device number
derived from the polling sequence. Enabling a device to talk or
listen is generally insufficient. A listener must be told whether
the forthcoming information is data or control; a talker must be
told to output either data or status information. While several
methods of sending this modifying information are available, the
channel instructions utilize the HP-IB message, My Secondary Ad-
dress. The secondary address is sent to the device in a command
cycle immediately following the primary message My-Talk~Address
or My-Listen-Address. The data is then transmitted and is inter-
preted as either data or control information. The final action
resulting from HP-IB channel instructions is the unaddressing of
the device, so the HP-IB is left in a well defined state.

3-13. Device Service Requests. The Parallel Poll function allows
up to eight devices to assert separate lines on the HP-IB for
service request. In this case, the bus controller (GIC) periodic-
ally puts the HP-IB into a parallel poll mode, and each device
then uses one of the eight data lines to indicate its need for
service. Since one device is assigned to each line, the control~-
ler can immediately determine which devices are requesting ser-
vice.

3-14. Additional Talker Function. The HP 3000/44 utilizes devices
that can identify themselves so that the system drivers may be
configured without user inputs. However, if the user has attach-
ed a device which cannot identify itself it would return random
data when addressed in the normal manner. To resolve this prob-
lem, the identification process will assume that the devices re-
cognize another talker address (31) in addition to the one norm-
ally used for data transfers.
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3-15. HP-IB Protocol. An attachment which obeys the HP-IB pro-
tocol is called an HP-IB device and has the following properties:

a. It recognizes the Identify directive through implementation
of an extra extended talker (TE) function.

b. It accepts command information through MY-Secondary-Address
messages.

c. It utilizes a parallel poll line uniquely determined by the
device address on the HP-IB; asserts a low voltage on this
line to request service; and is the sole user of this line
Since there are eight data lines HP-IB device addresses are
numbered from 0 through 7.

3-16. RS-232-C Data Communication Line

This bus specifies 25 dedicated lines as the standard interface
in data communication. Pin assignments are set aside for ground,
data, control, and timing circuits. Transmission over this bus is
bit-serial and is reserved for terminal operation.

3-17. PROCESSOR ELEMENTS

The processor elements determine the basic characteristics of the
computer system hardware and consist of the ALU, CTL, and PCS
PCA's. The CPU interfaces with other elements in the system
through the IMB.

The ALU contains the arithmetic logic unit, data registers, IMB
interface, clock circuitry, and shift logic. The CTL PCA contains
four kilowords of microcode instruction decoding circuitry and
prqgram control entry. The PCS PCA provides ROM storage for the
main mlcrocode, decimal, 64-bit floating point, and COBOL. The
three PCA's operate together to translate received instruction
words into microprogram starting addresses, decode microprograms
into fixed control signal sequences, and execute various arith-
metic functions. The processor is microprogrammable and has a
64~-bit wide control store, a l6-bit wide arithmetic path, and a
16-bit wide memory address path (7 bits are used for check bits).

3-18. 1/O ELEMENTS

The I/0 elements for the HP 3000/44 consist of two channels, the
General I/0O Channel (GIC) and the Asynchronous Data Communication
Channel (ADCC). The GIC is the hardware I/0 channel which pro-
vides the electrical interface between the computer system via
the IMB and peripheral devices connected to the HP-IB. The ADCC
provides a bit-serial data interface between the computer system

3-9
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and peripheral devices. The two channels operate in a similar
manner, however, the GIC has a DMA facility to permit high-speed
transfer of large blocks of data and the ADCC can transfer data
only one character at a time.

3-19. General {/0 Channel

The GIC is a controller of the HP-IB and translates I/0 commands
from the CPU into the proper HP-IB protocol. Nearly all transac-
tions with I/O devices are accomplished without software inter-
rupts, since I/0 is achieved with channel programs. Software is
responsible for setting up a channel program, but the execution
of this program is performed by the CPU channel microcode. The
CPU channel microcode is devoted to I/0 tasks and implements the
necessary algorithms for decoding the channel instructions and
effecting the required I/0 operations. Once the channel program
is running, device control and data flow are normally carried to
completion with no software intervention and without altering the
system environment. If special situations arise, software may
alter the program or even halt execution.

Several devices may simultaneously need service, and the CPU must
decide which one will receive attention. First, all channels are
polled, and the highest priority GIC with a device request pend-
ing is chosen. The CPU then obtains from that channel the number
of the highest priority device needing service. Once the device
number is determined, execution of the channel program will
begin. The CPU fetches each channel instruction and breaks them
down into several IMB commands addressed to the proper GIC. The
GIC interprets these commands and directs them onto the HP-IB
device.

The GIC contains DMA (Direct Memory Access) hardware which allows
large records of data to be transfered at the maximum speed of
the HP-IB. The channel microcode enables the device and then
initializes the DMA hardware on the GIC. On a read operation the
DMA hardware will read the bytes, pack them into words and place
them directly into memory, all without assistance from the CPU.
The CPU is free to service other devices while DMA is in
progress.

3-20. Asynchronous Data Communication Channel

The Asynchronous Data Communication Channel (ADCC) is the second
channel type used in the system. This channel performs essen-
tially the same functions as the GIC but not in the same manner.
Data is transfered from memory to an ADCC device (terminal) in
parallel form, then converted to a serial bit stream for trans-
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mission over the RS=-233-C lines. Information being read from a
device is in serial form and is converted to eight-bit bytes for
transfer to memory.

Two ADCC boards may be used, the Main ADCC and the Extender ADCC.
Each board contains four ports for connection to devices through
RS-232C data communication lines. The Main ADCC is used when four
or less devices are connected to a channel. The Extender ADCC
extends the device capability of channel to eight. All circuitry
except data handling circuits are on the Main ADCC. For this rea-
son, the Extender ADCC connects to the Main ADCC to control sig-
nal information.

When more than eight devices are to be attached to ADCC channels,

additional Main ADCC's are required, since each ADCC can accommo-
date only one Extender.

Unlike the GIC, the ADCC does not have a DMA facility and there-
fore cannot be a master of the IMB or memory. As a result, the
ADCC is always a slave and must be directly controlled by the CPU
through the use of channel programs. Circuitry on the ADCC de-
codes address information relating to channel and devices and
select the correct device for operation.

The ports on the ADCC (Main and Extender) may be either hardwired

to devices or to modems. Currently, the only modems to be con-
sidered are the Bell Models 103 and 202.

3-21. MAIN MEMORY ELEMENTS

The memory is a high speed, high density memory system that is
compatible with IMB protocol. Memory arrays are 256 kbyte or one
Mbyte, using 16k or 64k RAM's, respectively. The maximum memory
configuration is 4 Mbytes. The minimum memory configuration con-
sists of one MCL and one SMA. One MCL controls up to eight con-
trols up to eight SMA's; however, the system can operate with two
MCL's. This means that each MCL will then provide for two Mbytes
of memory using 16k RAM's.

3-22. MAINTENANCE/CONTROL ELEMENTS

The control and maintenance processor (CMP) is a single PCA that
provides control functions to perform warmstarts, cold loads, and
memory dumps and aids in system maintenance by including a system
selftest and a maintenance display. These functions allow the
system to have a consistent and friendly user interface. When the
operating system or the CPU fails, the user can use commands from
the system console to bring the system up if a software error
occurred, oOr to help diagnose hardware problems. The CMP also
has a HELP feature to assist untrained operators in bringing the
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system up. In addition, the CMP provides the capability for re-
mote maintenance which allows diagnosis of software and hardware
problems from a remote location.

3-23. System Console

The system console is a terminal that is the main interface be-~
tween the operator and the system. The console displays normal
MPE console information and can also be used as a session device.
In addition, it is the front panel for the system and contains
controls for operation. Various types of diagnostics can be init-
iated from the system console. The system console can be any of
the 264X, 262X or printing terminals.

3.24. System Control Panel

The system front panel allows the system operator to perform the
control and monitoring functions of the system. Control functions
on the system front panel enable direct access to major functions
through the use of the system console, activate the maintenance
mode, enable hardware-related functions such as RUN and HALT, and
software-related functions such as warm start, memory dump, and
cold load. Also, since the system console utilizes the same con-
trol functions for hardware, the system front panel can be used
as a backup panel if the console is down.

3-25. PERIPHERAL ELEMENTS

The peripheral elements used with the HP 3000/44 are connected
primarily to GIC's while the ADCC is reserved solely for termin-
als. Peripherals attached to GICs through the HP-IB include disc
drives, line printers and magnetic tape drives. The GIC's are
used for all peripherals, except terminals. For a listing of the
supported peripherals used in the HP 3000/44, refer to the cur-
rent Price/Configuration Guide.
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4-1. INTRODUCTION

This section describes the Central Processor Unit (CPU), which
includes a functional description, system component description
(registers, etc.), and the CPU implementation of hardware. (See
the HP 3000 Series 44 Block Diagram, part no. 30090-90003, for
for component and functional references.)

The Series 44 CPU is a microprogrammed pipeline processor that
executes the current 3000 instruction set through the use of mic-
roinstructions. The processor consists of three PCA's, the CTL,
ALU, and the PCS. The CTL PCA contains 4 kilowords of microcode,
instruction decoding circuitry and program control entry. The CTL
provides control for the ALU, sequences the Control Store Address
Register (CSAR), and controls test functions. The microcode con-
sists of the channel program processor (CPP) code and selftest.

The ALU contains the Arithmetic Logic Unit, data registers, IMB
interface, clock circuitry, and shift logic. The PCS provides an
additional 8k X 48 bits of ROM storage. The microcode in the ROM
storage consists of the main microcode, decimal, 64-bit floating
point, and COBOL.

The processor is a fully synchronous machine, operating with a
major clock cycle of 105 nanoseconds.

4-2. FUNCTIONAL DESCRIPTION
4-3. iInstruction Execution

The processor indirectly executes instructions. Each macroin-
struction causes a microprogram, which resides in ROM on the CTL
and PCS PCA's, to be executed. The l6-bit macroinstructions are
obtained from memory over the IMB and loaded into the Next In-
struction Register (NIR). When the CPU completes current micro-
programs and 1is ready to execute the next instruction, the in-
struction is loaded from the NIR into the Current Instruction
Register (CIR) and the Look-Up Table (LUT), which maps the in-
struction into a microprogram starting address to implement that
instruction.

Once the starting address is dertermined, the control store pre-
sents a 48-bit microinstruction which is latched in the Microin-
struction Register (MIR). This is where the various instruction
fetch and execute fields are inputted and decoded. This decoded
information is then passed to the ALU PCA which properly fetches
registers and then executes the given function.
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After executing the function, the results are stored into regi-
sters specified by the CTL PCA. The CTL circuitry then executes
the next migroinstruction or performs the necessary microprogram
jumps, which store the address in either the Subroutine Return
Register (SRR) or Slow Jump Register (SJR). When the microprogram
is finished, the last microinstruction will have the NEXT in-
struction in the Special field. This informs the CTL PCA that it
is ready to load the next macroinstruction from the NIR into the
CIR and repeat the process.

The primary operation of the NEXT branch field option is to pro-
vide transfers to location 0 in ROM. This line gates the current
macroinstruction in the NIR into the CIR (and LUT), fetches a
macroinstruction memory fetch over the IMB using the P register
and loads the next instruction into the NIR. Also,This line in-
crements the P register and tests for any pending interrupts, and
initializes the CTR and SP0 registers and flags Fl, F, F3, and
F4. These operations are performed simultaneously.

4-3. Microinstructions

The Series 44 microinstruction are 48 bits in length and are di-
vided into 8 fields. These fields are listed as follows:

O0veeebuoeolOeneeelBoenne220000028..310.00.3600000eces.47
A B FUNC STOR SPEC BR COND TARGET

In addition, there is the LITERAL field which is composed of the
B and TARGET fields.

The A, B, FUNC, and STOR fields control the data paths. The A and
B fields provide the data source registers for the ALU, and the
FUNC field specifies the type of arithmetic operation and also
controls the shifting of the ALU output. The STOR field specifies
possible store locations.

The BR, COND, and TARGET fields control the sequencing of the
microinstruction. These fields determine what type of branch is
specified, the condition on which it will be taken, and the tar-
get address it will jump to on the true condition. The SPEC field
handles miscellaneous functions including IMB operations and flag
manipulations.

The execution of most microinstructions requires four clock cy-
cles, which are referred to as ranks 0 through 3. Because of the
pipelining effect, there is always a microinstruction in each of
the four ranks. The major clock cycle is 105 nanoseconds. Al-
though a new microinstruction is loaded every 105 nanoseconds, it
actually takes 420 nanoseconds to completele execute a single
microinstruction. However, the four ranks of the pipeline each
contain an instruction. Therefore, after the initial first four
are loaded, a microinstruction is executed every 105 nanseconds.
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Parts of the microinstruction execution is completed in each of
the four ranks. Rank 0 is the microinstruction fetch cycle, dur-~
ing which the CTL PCA supplies a micro-address and receives the
corresponding microinstruction from either its own ROM or from
ROM on the PCS PCA. At the transition time from rank 0 to rank 1,
this data is latched into the MIR.

Most decoding of a microinstruction and some of its execution
occurs in rank 1. All fields, except for some SPEC field options
which require additional decoding during rank 2, are decoded and
set up. The A and B operands are detched during rank 1 for use in
rank 2. During rank 2, ALU functions are completed and IMB opera-
tions are initiated. At the end of rank 2 and during the begin-
ning of rank 3, the data is stored in the proper registers. Only
those microinstructions storing into the register files require
action in rank 3.

44. DATAPATHS
45. General

Figures 4~1 and 4-2 illustrate the data paths of the processor.
There are 64 registers that supply the A field, and 16 registers
that feed the B register. The outputs of the A and B registers
drive the ALU inputs. The F-bus, which is the output of the ALU,
drives the shifter. The output of the shifter is the U-bus, which
is fed back to to allow storage into the processor registers.

The B-register file duplicates the first 15 registers in the A~
register file. Thus, a store into any of these registers will
write into both simultaneously. These registers can then be
called up individually for the A-field and B-field inputs to the
ALU. The value on the U-bus and literal values can also be ad-
dressed as a source on the B-field. On the A-field, there are 10
special hardware-implemented registers that replace the A-regi-
ster file registers and eight bank registers that store into both
the A-register file and a special bank register file (but is
fetched from the A-register file).

Ten special registers are available on the A-bus, as follows:

CIR  Current Instruction Register

USWP The U-bus with the left and right bytes exchanged
SIR Status and Interrupt Register

SWCH Switch Register

CTR Eight-bit counter

SR Number of valid TOS registers

SPO Shift register used for double shifts, multiply, etc.
STA Status Register

OPND Memory Data Register
REGN Used for indirect register access.
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These registers map on top of the register file locations, and
become inaccessable. Another special register (R14Z) is in the
register file and is permanently assigned the value of zero.
This register 1is used for NOP's. The first eight (0:7) of the
status register are kept in specially controlled registers.

The first four registers in the register £file are the Top-of-
Stack (TOS) registers. The TOS registers function with two other
registers, the Namer register and the four-bit SR register, which
is available on the A-bus. The Namer cannot be written into or
read. These registers are controlled from the SPEC field so that
the four TOS registers behave as a circular stack, with the SR
register indicating the number of valid elements on the stack and
the Namer register pointing to the current top element. The regi-=-
ster specified in a microinstruction field (A, B, or STOR) is a
TOS register if the high order four bits of the A- or storefield,
or upper two bits of the B-filed are zero. The physical register
is determined by subtracting the lower two bits from the Namer
register. Thus, incrementing the Namer and SR register causes a
"push™, and a "pop" occurs when both are decremented.

REGN may be placed in the A or STOR fields to indirectly specify
a register. In effect, the low order six bits of the counter
(CTR) replace the six bits of the field specifying REGN. This
substitution is transparent in the sense that all registers func-
tion the same way whether accessed directly or through the REGN
feature. Because there is only one level of indirectly specify-
ing, when the REGN points to itself it makes R63, an otherwise
inaccessible file register, available. The REGN is useful in TOS
register manipulations, such as filling or emptying them.

The contents of the A and B registers and the operation codes
from the CTL PCA are the inputs to the ALU. The ALU performs
arithmetic (including A - B and B - A) and boolean functions.
The outputs of the ALU are the F-bus, which drvices the shifter,
and the carry, overflow, and zero status signals.

The shifter is a combinational shift network which connects the
F-bus to the U-bus. It provides single precision rotates and log-
ical and arithmetic shifts. When coupled with scratch pad 0
(SP0), it can perform a limited number of double-length shifts.
The shifting is controlled from the FUNC field. The shifter can
also mask left and right bytes, a feature which is enabled by the
SPEC field.

Since the FUNC field is decoded by PROM. Flag 1 and Flag 2 are
two of the address bits on the PROM's which control the ALU. This
makes it possible to have ALU operations dependent upon the
state of the two flags. This dependency can be utilized in con-
junction with the automatic flag initialization which occurs as
part of the macroinstruction segquencing.
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Storing results occurs during the first half of rank 3 if the
destination is a file register, or at the second half of rank 2
for the special registers [SIR, CTR, SPO, and STA(0:7), the dest-
ination of STA(8:15) is a file register]. Certain bits of the STA
can also be stored under control of the SPEC field.

4-6. Operand Sources

As previously stated, there are two types of operand sources, the
register files and the special registers. There are three regi-
ster files, the A-file, the B-file, and the BANR-file. The A-file
register has 64 locations for storing data, the B-file has 16
locations, and the BANK-file has eight locations. The B-file and
BANK-file registers are copies of equivalent registers in the
A-file. Several of the file registers are used for defining the
limits and operating elements of the code and data segments.,

The Code Segment Pointers are:

PB Program Base
P Program Counter
PL Program Limit

PBNK Bank Register that contains the upper 16 bits
of the PB address

The Data Segment (Stack) Pointers are:

DL Data Limit

DB Data Base

Q Current Stack Marker

SM Memory Top of Stack

SR Defines numbr of valid TOS registers
4 Stack Limit

DBNK Bank Register that contains the upper 16 bits
of DB address

SBNK Bank Register that contains the upper 16 bits
of the DL address

The four top-of-stack (TOS) registers RA, RB, RC, and RD have
special addressing properties. The value of the NAMER defines
which register is to be top of stack. RA is defined to be top. of
stack, followed by RB , then RC, and RD. For example, if a POP
microperation is executed, the NAMER and SR registers are decre-
mented and cause RB to become RA. This is prevent having to move
data from register to register. Therefore, the four TOS locations
are simply renamed so that RB becomes RA, the TOS, and so on. The
TOS circuitry is a mapping algorithm that accepts a microcode
request for a stack element, adds the value of the NAMER regi-
ster, and points to a physical register. The TOS registers can
be accessed through two different paths, the REGN which uses the
CTR, and MIR which specifies the TOS directly.
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Other file registers include the Index Register (X), the Scratch
Bank Registers (ABNK and BBNK), and 35 unassigned scratchpad reg-
isters (R4 through R39).

The special source registers include 10 hardware registers that
are available on the A-bus and one hardware register on the B-
bus. The registers that are available on the A-bus map on top of
the register file locations, making the corresponding file regi-
sters inaccessible. These registers are:

CIR Current Instruction Register

USWP UBUS with the left and right bytes swapped

SIR Status and Interrupt Register

SWCH Switch Register

CTR Eight~bit Counter

SR Number of valid TOS registers

Spo Scratchpad 0; shift register used for 22-bit shifting
STA  Status Register

OPND Memory Operand Register

REGN Used for indirect addressing

Scratchpad 0 (SP0) is used for functions in addition to 32-bit
shifting. These include multiply and divide functions, and system
halts and CPU selftest hardware failures. Prior to each selftest
section, the low-order and high-order bytes of SP0 are loaded

- with a failure code. If the test section fails, the Command and
Maintenance Processor (CMP) can then read the lower byte of SPO
for the failure code. This failure code is displayed on the ALU
LED's, which is the high-order byte of SPO0.

The only special source register available on the B-bus 1is the
FAST UBUS register. Because of the Processor's pipelining, the
results of one line are not available to the next line of micro-
code unless called for as a FAST UBUS or USWP.

4-7. MICROINSTRUCTION SEQUENCING OPTIONS

The sequencing, or branch, options are determined by the BR
field. The COND field selects the condition to be examined, and
the TARGET field provides any required microaddress. Because of
the pipelining, each microinstruction specifies a primary path to
keep the pipeline full. Most BR functions provide a secondary
path that is always defined by the TARGET field. The possible
branches, controlled by the BR field, and the corresponding pri-
mary and secondary paths are given as follows:
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BR Function Primary Path Secondary Path

JMP (Jump) F TARGET
JMPU (Jump in User Mode) F TARGET
JSB (Jump to Subroutine) F TARGET
RSB (Return) R TARGET
SKIP (Following Line) F F

NEXT (next macroinstruction) OVH TARGET
REP (Repeat) C/F TARGET
jump/jsb unconditional TARGET -

where: F: the following line

R: the contents of the subroutine return register
OVH: the overhead line (location 0000)
C/F: the current line unless the counter (CTR) is zero,
then it is the following line

The last BR function, jump/jsb unconditional, is used for uncon-
ditional jumps and jump subroutines, where a new target is set at
the beginning of rank l. The target of this microinstruction is
fetched without any lines of overhead.

4-8. Jumps (Conditional 000)

Conditional jumps require one line of overhead to determine if
the target is to be fetched. If the condition is true, the single
line that entered the pipeline must be cancelled. This is done

by preventing all rank 2 and rank 3 stores from occurring. There
are two types of conditional jumps, data dependent and nondata
dependent. Data dependent jumps test the output of the ALU from
the previous microinstruction if that instruction was executed.
Nondata dependent jumps test the current flag status.

4.9, Skips

Skips disable the STORE, SPECIAL, and BRANCH field options on the
following line if the condition is true. All skips require one
line of overhead.

4-10. Repeats

The repeat function is similar to a three-way branch. As long as
the counter (CTR) is nonzero and the condition is met, the micro-
instruction register is held fixed and contains the line with the
REP. If the repeat has been made conditional by specifying a path
other than UNC, the secondary path will normally be taken if the
condition is true. Otherwise, if the counter reaches zero, the
next line in sequence will be taken.
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4-11. Next

The NEXT option is used to start the next macreinstruction. This
option has no overhead line to force the CSAR to 000 on the next
cycle. If a condition is included, the NEXT will be taken if the
condition is not true. If the condition is true, the target will
be taken. Conditional NEXT options can only be specified in the
lower bank of microcode because the high order bank bits are
cleared when the NEXT enters the pipeline, (i.e., it has one line
of overhead when conditional, which is 0000).

4-12. MACROINSTRUCTION SEQUENCING

Macroinstruction sequencing is initiated by executing a NEXT
branch field option. The primary operation is to transfer to the

ntry pcint of the macrecinstructicn in the Next Instructicn Regi-
ster (NIR) and fetch the following macroinstruction into the NIR.
This process also includes initializing the CTR, SP0 registers
and flags Fl, F2, F3, and F4, updating the CIR and P registers,
testing for interrupts, and providing for paired stack opera-
tions.

4-13. Operation

While the NEXT is rank 1, the overhead line is fetched from con-
trol store address 0. If the NEXT line was inhibited by a branch
or SKIP on the preceding line. the branch target would be fetched
instead of the overhead line. Execution of this line allows the
normal control and data paths of the processor to be used to in-
crement P, fetch of the macroinstruction following the current
one tc be started from memory, and transfer pending interrupts to
the interrupt handler.

If a memory fetch into the NIR is not completed during the second
quarter of a NEXT in rankl ( and the NEXT is not inhibited), the
processor freezes. If a fetch is being started in rank 2 and an
uninhibited NEXT is in rank 1, the processor waits for the fetch
to complete. If a fetch into the NIR and a NEXT are on the same
line, the NEXT proceeds without the fetch.

While the overhead line (location 0000) is in rank 1, the first
line of the new macroinstruction 1is fetched from the control
store. Its address is obtained from the Lookup Table (LUT) on the
CTL PCA. Each entry in the LUT contains a 12 bit starting address
and 4 bits that initialize flags Fl, F2, F3, and F4. The LUT al-
lows most of the macroinstructions to be fully decoded. Some mac-
roinstructions have duplicate entries and others require further
decoding by microcode. When the overhead line is read from the
control store, the upper 4 bits of the control address are set to
zero. Since the LUT supplies only the lower 12 bits, all macro-
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instruction entry points must be in the first 4k of control
store.

A conditional branch can be specified by the NEXT line. If this
branch is taken, execution of the overhead line is inhibited and
the branch target is fetched instead of the first line of the
new macroinstruction. If a branch specified with a NEXT is taken,
it branches into the first 4k of the control store regardless of
the location of the NEXT line, since the upper 4 bits are set to
zero when the overhead line is fetched.

4-14. Single Macroinstructions

The CMP initiates execution of a single instruction and then sig=-
nals a RUN/HALT interrupt. The CPU fetches the single instruction
into the NIR, adjusts P if necessary, sets RUN and DISABLE, and
then clears DISABLE on the same line as a NEXT. This inhibits
the JMP TEST on the overhead line since the decision to branch is
determined as the overhead enters rank 2, but allows TEST to be
true thereafter. Therefore, the RUN/HALT from the CMP will cause
the CPU to halt when a single instruction executes a NEXT. The
macroinstruction XEQ must use DISABLE in this manner in order to
allow single cycling of a macroinstruction.

4-15. IMB INTERFACE

The processor uses a four-wire, processor-master IMB interface.
The four-wire handshake and the bus-granting logic are the
similar to the HP 3000/30 and HP 3000/33. The CPU has an
internal synchronous IMB state machine which receives the bus

granting signals, synchronizes them, and uses the signals to
advance to the next state.

The IMB state machine has four basic states, Hold, Request, Ad-
dress Done Wait, and Data Done Wait. In the Hold state, the IMB
state machine does not initiate a read or write operation. If the
CPU issues an IMB request, the state machine will move to the
request state where it can request the IMB. In the Address Done
Wait (ADNW) state, the CPU asserts ADO and DDO, and remains in
this state until ADN is returned. The IMB state machine moves to
the Data Done Wait (DDNW) state and remains in this state until
DDN is returned, then returens to the Hold state. If there is a
CPU request pending, the IMB state machine will move immediately
to the request state.

4-16. CPU Memory Read Operation

When the CPU initiates a memory read operation, the CPU microcode
issues a CPUREQ signal to the IMB state machine, when it is the
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Hold state. If the state machine is not currently processing a
bus request, it accepts the CPUREQ signal and enters the Request
state . In the Request state, the IMB state machine waits until
the IMB is clear and the CPU can have control of the bus. As soon
as the IMB is clear, the CPU gains control of the 1IMB. At this
time , the state machine advances to the ADNW state and the SPBUS
(synchronized processor bus) logic asserts DDN, and the AOUT log-
ic asserts the ADO and AOUT signals. The AQOUT signal enables the
opcode and address onto the IMB.

The state machine remains in the ADNW state until ADN is returned
from memory, then it advances to the DDNW state. The ADN signal
resets the AOUT logic, which in turn deasserts the ADO signal.

When DDN is asserted by memory, the state machine resets the
SPBUS 1logic which deasserts the DDO signal. The SPBUS logic gen-
erates the DDNW signal and the ACUT logic generates the ADNW sig-
nal. These signals reset the timeout logic so that an IMB time-
out does not occur.

The state machine then sets the HOLD flip-flop (in the SPBUS
logic) which indicates that the CPU has the OPERAND in the OPND
register. At this time, the state machine returns to the Hold
state and waits for a new request.

4-17. Other Operations

A CPU memcry write cperation is identical tc a read operaticn
except that data 1is written onto the bus when enabled by the
WRITE and SPBUS signals. Also, I/O reads and writes function in
the same manner as that for memory reads and writes, except that
thedIMB opcodes are different and the bank registers are not
used.

IMB operations are controlled through the SPEC field, which se-
lects the function and the bank register. The lower address bits
and the data for a write operation are obtained from the UBUS.
Once initiated, IMB operations (whether from memory or I/O) pro-
ceed automatically. The CPU freezes only if the data is requested
before the operation is completed.

A special capability is provided to implement the Global IMB com-
mands. The Global option in the STOR field generates ADN and DDN
on the 1IMB for approximately one millisecond, completing the
Global handshake.
4-18. Processor Freeezes
There are three types of IMB-related processor freezes, the IMB

is not available, the NIR 1is not ready, and the OPND is not
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ready. For the IMB not available, there are two conditions that
will causes a freeze:

a. An ADDR FREEZE will occur if an IMB operation 1is initiated
before the address register has been released.

b. A DATA FREEZE occurs if a write is in progress and another IMB
operation is about to be started before the slave has signaled
DDN.

A NEXT FREEZE will occur if a microinstruction saying NEXT is in
rank 1 (NIR not set) and a read into NIR is in progress.

The OPND FREEZE will occur if the memory has not returned the
data requested by a read.

4-19. Error Conditions

The CPU can detect two IMB error conditions. The first is a de-
vice timeout that occurs when the addressed device does not re-
spond within one millisecond. The second error condition is a
memory parity error which is detected by the memory controller.
These errors and a reset of PON are the conditions that can cause
microinterrupt.

4-20. COMPONENT DESCRIPTION

Refer to the system block diagram for the discussions of the com-
ponents.

4-21. Next Instruction Register (NIR)

The NIR is located on the ALU PCA. It is a 16-bit register that
contains the next software instruction to be processed and is
loaded from memory. This regiater is located on the ALU PCA.

4-22. Current Instruction Register (CIR)

The CIR is a l6-bit register that contains the current software
instruction being processed. The contents of this register is
loaded from the NIR. This register is located on the ALU PCA.
4-23. Look Up Table (LUT)

The LUT is addressed by the NIR, and outputs a 1l2-bit address

which is applied to MUX 1. MUX 1 generates a l16-bit output which
addresses the initial microcode instruction that implements the
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the microprogram for the instruction currently in the CIR. This
component is located on the CTL PCA.

4-24. Multiplexers 1, 2, and 3 (MUX 1, MUX 2, MUX 3}

MUX 1 multiplexes one of four inputs when enabled by the Branch
Control. These inputs are the LUT address, the contents of UBUS
during rank 3 (R3UBUS), and the outputs from MUX 2 and MUX3. The
output of MUX 1 is a 16-bit ROM address.

MUX 2 multiplexes one of two inputs when enabled by the Branch
Control. These are the Fast Jump (or Target) address and the
Slow Jump Address. MUX 3 multiplexes one two inputs when enabled
by the Branch Control, the contents of the control store address
register {CSAR} and the contents of subroutine return vregister
{SRR). These multiplexers are located on the CTL PCA.

4-25, Incrementer {INC)

The output of MUX 1 is placed on the Control Store Address Bus.
This address is applied to the INC which increments the address
by one and latches the new address in the CSAR. The INC is on the
CTL PCA.

4-26. Branch Control Logic

The Branch Control Logic enables the selected MUX, depending upon
how the microcode decodes the Branch, Condition, and Target
fields. If the microcode is executing a NEXT instruction, the
Branch Control Logic must know what the SPEC field conditions
are. The Branch Control Logic is on the CTL PCA.

4-27. Condition Branch Logic

Because the Target field is only 12 bits wide, the normal
branches are confined to the PCS PCA. To allow access to the CTL
PCA, an option is provided in the SPEC field. Arithmetic condi-
tions are tested together with an input from the Shifter and with
ordinary conditions. This logic is on the CTL PCA.
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4-28. ROM

Microcode is stored in ROM on the CTL and PCS PCA's. The 48-bit
microinstruction words are divided into eight fields, each field
containing from three to 12 bits. Each decoded field produces a
set of microcode signals that control the operation of the CPU.
The output of ROM is loaded into the MIR on each 105 nanosecond
clock cycle.

4-29. Microinstruction Register (MIR)

The MIR contains the current executing microinstruction after
latching the output of ROM. This register is on the CTL PCA.

4-30. CPU Data Registars

Most of the data registers are located on the ALU PCA. These reg-
isters are the A-Bus and B-Bus registers. The A-Bus registers are
special hardware registers that can be selectively loaded onto
the A-Bus through the use of the Special Register Select logic.
The A-file registers are selected for access to the A-Bus by the
A-Address logic.

The B-Bus registers are special hardware registers (FASTUBUS)
that are selectively loaded onto the B-Bus through the use of the
Special Register Select logic. B-file registers are selected for
access to the B-Bus by the B-Address logic. Literals are also
addressed on the B-bus.

4:31. A-File and B-File Register Store Logic

This logic is used during rank 3 to store the contents of the
UBUS into a specified A-File or B-File location. The control lo-
gic is contained mostly on the CTL PCA.

4-32, Address, Data, and Bank Registers, and Opcode Latch

During and IMB operation, the opcode latch, address register, and
bank register determine the type of operation to be performed,
and the address including bank bits. If an IMB write is to be
done, then the data register provides the appropriate data.

4-33. HARDWARE IMPLEMENTATION
The CPU consists of three PCA's, the CTL, ALU, and PCS. Each

PCA's specific functions of the CPU are discussed and illustrated
in the following paragraphs.
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4-34. CTLPCA

The CTL contains sockets for four kwords of microcode, without
parity, that can be loaded in one kword increments. (See figure
4-3.) The two-position jumper Wl selects the microcode options
the HP 300 and HP 3000 microcode. The firmware on the CTL can be
disabled by switch S1, located on the front of the PCA. However,
the controlling function remains active. Switch Sl is normally
positioned inward toward the stiffener. This PCA is placed in
card cage slot location 11l.

4-35. ALUPCA

The ALU contains Self Test switch S1 on the front of the PCA.
{See figure 4-4.) This switch initiates the CPU micro diagnostic.
Self test errors are displayed on thé LED's, also on the front of
the PCA. The error code is shown on the upper seven LED's with
the eigth LED providing odd parity over all eight LED's. When the
seven LED's are not lit, no errors are found. However the eighth
LED will light for odd parity.

The ALU also contains the system clocks. A 38 MHz clock provides
a major clock cycle of 105 nanoseconds. The minor clock cycle is
approximately of 26 nanseconds. The second clock is a 256 kHz
clock that provides date, time of day, etc. The ALU is placed in
the card cage slot location 12.

4-36. PCSPCA

The PCS contains sockets for eight kwords of microcode, without
parity, that can be loaded in one kword increments. (See figure
4-5.) The address space of the PCS can be configured to begin at
0, 4k, 8k, ... 60k for up to eight kwords by l6-position switch
S1, located on the front of the PCA. In the normal position, the
switch is set to 0 (zerc). Jumpers Wl, W2, and W3 are used for
proper addressing space. This PCA is placed in card cage slot
location 13.
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5-1. INTRODUCTION

This section contains the description of the HP 3000/44 Control
and Maintenance Processor (CMP). The description includes the
hardware and firmware of the CMP.

52, GENERAL

The CMP provides control functions to perform warmstart, cold-
load, and memory dump functions as well as aiding in system main-
tenance by including a system selftest, an IOMAP display, and a
maintenance display.

Even when the operating system or CPU fails, it is still possible
to use commands from the system console to bring the system back
up if a software error occurred, or to help diagnose system hard-
ware problems. The CMP provides the capability for a remote con-
sole to allow remote diagnosis of hardware and software problems.

The CMP increases the availability of the system by decreasing
the time to diagnose hardare and software failures.

The CMP is a standard size board that contains approximately 11K
16-bit words of code.

53. CMP HARDWARE FUNCTIONAL DESCRIPTION

The following paragraphs contain descriptions of the CMP inter-
faces, LED indicators, cabling, and power supply requirements.

54. RS-232 Interfaces

The CMP is connected to ADCC ports 0 and 1, the system console,
and the remote console ({via modem) through RS-232 interfaces.
During normal operation (remote disabled) ADCC port 0 is connect-
ed to the system console and ADCC port 1 is connected to the mo-
dem. This allows the modem to be used for dial-in sessions to
MPE. (See figure 5-1.)

When REMOTE is enabled, the modem is connected in parallel with
the system console to allow remote console capability. When the
CMP is communicating with the console(s), ADCC port 0 is tempo-
rarily disconnected from the console(s). With REMOTE enabled,
the two consoles appear as one to the ADCC and MPE. The Data
Terminal Ready (DTR) signal from the system console is displayed
on an LED on the CMP front plane edge to indicate when the con-
sole is properly connected.
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Figure 5-1. CMP Interconnect Diagram

A special ADCC/CMP cable is used tc connect the ADCC and CMP at
one end of the cable to a standard ADCC junction panel connector
at the other end. The ADCC junction panel connectors are for:

Port 0 - System Console.
Port 1 - Remote Consocle
Port 2 - Terminal
Port 3 - Terminal

o000

The system console junction panel connector is not modem compat-
ible and must be direct connected to the console.

A terminal can be connected to port 1 of ADCC channel 1 using a

standard extension cable or a four conductor cable containing
Ground, Transmit Data, Receive Data, and Data Terminal Ready.

To connect a terminal to port 1 of ADCC channel 1 use only the
standard extension cable (30062-60006) or a direct connection
using a 13232M (13232N in U.S.) cable to 264X terminals or a
13222M modem cable to 262X terminals.
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Connection to a modem should be made using an 25~foot modem cable
(30062~-60020). Only a full duplex modem may be connected to port
1 of ADCC channel 1.

Placing the REMOTE CONSOLE switch to OFF connects port 1 of ADCC
channel 1 to the remote console connector which allows normal
logon sessions by a remote terminal. When the switch is in the
ON position the remote terminal is connected in parallel with the
system console at port 0 of ADCC channel 1. This allows the re-
mote terminal to act as a duplicate system console for mainten-
ance purposes.

The modem connected to the ADCC channel 1 remote console connec-
tor should have call-originating and automatic-answering capabi-
lities.

The ADCC channel 1 port 2 and port 3 connectors are connected
through the ADCC/CMP cable to the ADCC.

All data and modem control lines use Motorola MC1488L or MC1489AL
for the RS=-232C (CCITT V.24) interface. The signals at the ADCC
channel 1 ports 2 and 3 connectors are generated by the ADCC and
are unchanged by the CMP,

To prevent the remote console modem from hanging up when the sys-
tem is powered down, the user at the local site must lift the re-
ceiver on the modem and press the TALK button. The modem at the
remote site must be configured such that it does not automatic-~
ally hang up upon loss of carrier. While the system is powered
down, the modem line can be used for voice communication.

When REMOTE is enabled, data from the consoles are mixed at the
CMP logic. When the ADCC sends an ENQ character to the consoles
they will simultaneously respond with an ACK character. Any
difference in timing between the two responses could cause the
mixed bit patterns of the ACK characters to be erroneously re-
ceived at the ADCC.

This problem is overcome by detecting the ENQ character from the
ADCC and enabling logic which will cause the first ACK character
to arrive from a console to be ignored. The second ACK character
will be sent to the ADCC. As a result the ADCC will wait for the
slowest console to respond. The local and remote consoles, as
well well as the CMP and MPE, must.be set at the same baud rate.

The modem for the remote console must be full duplex. Half du-
Plex modems are not supported. It is desirable to have the modem
at the customer site be auto-answer so that it can be used for
dial in sessions to MPE and, when desired, auto-answer for maint-
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enance or remote operator calls. The modem at the service center
should have originate capability. Acoustic couplers can also be
used at the service center but they are unreliable on noisy phone
lines.

When the modem on ADCC channel 1 remote console connector is be-
ing used for a normal dial-up session on the system the modem
control signals will be controlled by the ADCC. In this mode the
modem control sequence will be identical to the ADCC except SCA
(Secondary Request to Send) is not connected and CH (Data Rate
Selector) is controlled by a switch on the CMP.

When the modem is being used for the remote console the CMP
starts a connection sequence by turning on CD (Data Terminal
Ready) and CA (Request To Send). SCA is not connected and CH is
controlled by the Data Rate switch on the CMP.

After the line has been established, CF (Carrier Detect) and CB
(Clear To Send) are monitored to be sure a signal is being re-
ceived from the remote modem. If CF or CB make more then 50 on-
to-off transitions or if either goes off and remains off for 10
seconds a disconnect will occur. This feature will assure that
an improper call to the computer or a line breakage will always
result in a disconnect.

If CC (Data Set Ready) goes off the CMP will turn off CA and CD
after a short time delay to terminate the connection. After 10
seconds with CD and CA off, the CMP will re-assert these signals
to allow a new phone connection to be made.

“or baud rate detection, upon power-on the CMP speed senses the
‘~~sole by sending ENQ characters at different baud rates until
~ae CMP receives an ACK character. If the CMP never receives an
ACK, the CMP assumes the baud rate of the console is 2400 baud.
This allows non-HP terminals to be used as the system console if
the regular system console fails, but baud rate detection is less
reliable with non-HP consoles.

The user must use the CMP ->:SPEED command to change baud rates
while running MPE. The CMP also accepts the SPEED command and
will change baud rates at the same time as MPE. If MPE is not
operating, the CMP will accept the ->SPEED command.
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58. CPU Interface

The CMP interfaces to the ROM data lines of the CPU to allow
reading the current instruction and forcing an instruction to be
executed by the CPU. The CMP also has read capability on the 16
ROM address lines. This allows reading the address of the cur-
rent instruction and (using CMPFDR~) reading the data on the CPU
UBUS. The following special purpose lines are used by the CMP

and the CPU.

GO This output of the CMP is used to microhalt the CPU.

STOP This output of the CPU is a request to halt the CPU.

TIMDIS- This output of the CMP disables the CPU timer.

DISTO- This output of the CMP disables CPU IMB timeouts.

CMPEN- This output of the CMP disconnects the CPU PROMS from
driving the ROM data lines. It allows the CMP to supply

a microinstruction.

CMPFDR- This output of the CMP places the CPU UBUS onto the ROM
address lines.

MQ This output from the CPU is used to generate a clock for
latching ROM address and ROM data.

5-6. IMB Interface

The CMP has an IMB breakpoint function which can microhalt the
CPU upon the occurance of a breakpoint. The IMB interface also
allows the CMP to read the lower 21 bits of the address plus the
opcode for the last IMB operation. The address is latched in on
the IMB handshake signal ADO.

The CMP also can drive and read the Power Fail Warning (PWF) line
on the backplane. This allows the CMP to shut down power in the
system. The CMP also monitors PON and Parity Error (PER) on the
IMB.

5-7. System Control Panel Interface

The CMP interfaces to the control pPanel using the following four
special purpose lines.

FPCON- This output of the CMP is used to supply command data
to the control panel.

FPSHIFT- This output of the CMP is used to shift commands into

5-6



CMP

the control panel and to shift status out of the con-
trol panel.

FPLOAD- This output of the CMP is used to cause commands from
the CMP to be executed by the control panel and to
load status into the control panel status shift reg-
ister.

FPSTATUS- This output of the control panel supplies status to

the CMP.

CPUA- This output of the CMP is the handshake signal ADO
which 1is buffered on the CMP. This indicates IMB ac-
tivity.

58. CMP LED indicators

The CMP contains its own LED status indicators which are mounted
at the front plane of the CMP. These LEDs are labeled on the
board stiffener and are adjacent to switch SWl. Normal indica-
is all LEDs on. The indicators are described below.

A - External Register 3, bit ll. This LED is used by Selftest
and is normally on.

B - External Register 3, bit 12. This LED is used by Selftest
and is normally on.

D - Console Ready - DSR, DTR from the system console. This LED
is the Data Terminal Ready (DTR) signal from the console.
The presence of this signal indicates that the cable to the
local console is connected and the console is powered on.

T - CMP Active = 10 ms timer interrupt not pending. This LED
indicates that the CMP processor is executing normally.

59. CMP Cabling

All signals between the ADCC/CMP and the terminal junction panel
are via the ADCC/CMP cable. This cable has a 56 pin and a 50 pin
connector at one end. These connect to the ADCC and CMP respec-
tively. The other end is the same as a standard ADCC cable.

The CMP connects to the CPU via two 50-pin ribbon cables which
mount on Jl and J2.
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5-10. CMP Power Supply Regquirements

The CMP power requirements are +5 volts at 2.6 amperes, +12 volts
at .06 amperes, and -12 volts at 0.06 amperes. The Power On (PON)
signal is used to reset the CMP interface logic. The CMP uses 200
milliamperes of +5V battery backup power.

When PON is de-activated, it must remain so for a minimum of two
microseconds to properly reset the microprocessor (MC5) and UARTS
on the CMP. All power voltages must also remain stable during
this two-microsecond interval. Connecting PON directly to a
switch can cause noise on the PON line which does not meet the
two-microsecond requirement and the MC5 or UARTS may be damaged.

5-11. CMP FIRMWARE FUNCTIONAL DESCRIPTION

The following paragraphs contain detailed descriptions the CMP
firmware functions. The descriptions include system console in-
terface, remote console (modem) interface, ADCC-system interface,
control panel functions, overtemp shutdown, security specifica~
tions, and installation and configuration specifications.

5-12. Console Interface

5~13. Entering Commands. The CMP is connected only to the
terminal at the lowest address (Channel 1 Device 0). This is the
standard device for use by all diagnostics. If under MPE the MPE
console is switched to another terminal, the user must realize
that all diagnostics and communication with the CMP must be from
the channel 1 device 0 terminal.

When the CPU is in the RUN state and MPE is operating correctly
the CMP will usually be inactive except for special functions for
use by the system engineer. The user will be able to enter con-
sole commands and also run a session from the console.

When MPE is running or the CPU hung is in the RUN state, the user
can get the attention of the CMP by entering a CONTROL B charac-
ter from the system or remote console. The only function of the
CONTROL B character is to cause the CMP to prompt the user at the
system console or remote console for a command. The user can
then, invisible to the operating system, use the functions of the
CMP.

When the CPU is halted and the CMP is enabled, the CMP will auto-
matically prompt the user for a command.

If the CMP control functions are disabled, when the user enters a

LOAD, START, DUMP, RUN, HALT, IOMAP, DISPLAY, or SELFTEST command
the CMP will print the message 'DISABLED', Set the CONTROL FUNC-
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TIONS switch on the system control panel to ON before re-entering
the command.

If the CMP maintenance functions are disabled, the CMP will print
the message ‘DISABLED' whenever the DISPLAY command 1is entered.
Set the MAINT MODE switch on the system control panel to the ON
position before re-entering the command.

5-14. Command List. The following list gives the commands ac-
cepted by the CMP operating system. CMP Maintenance Display com-
mands are not included (refer to CMP Maintenance Mode manual, P/N
30090-90007).

HELP - This command prints the list of CMP commands. If the
Maintenance Display 1is present, Maintenance Display
commands are also listed.

HALT - This command causes the CPU run/halt flip-flop to be
set to halt. This performs the same function as the
HALT pushbutton on the system control panel.

RUN - This command causes the CPU run/halt flip-flop to be
set to run. This performs the same function as the
RUN pushbutton on the system control panel.

DUMP - This command will cause a dump to be performed to the
dump device by reading the soft dump facility from the
disc whose channel and device numbers are specified in
the control panel DUMP thumbwheel switches. If the
system is in RUN state the message "IS IT OK TO ABORT
THE SYSTEM?" will be displayed. The user must enter
YES to perform the dump.

LOAD - This command causes a cold load to be performed from
cold load device specified by the control panel LOAD
thumbwheel switches. If the system is in the RUN state
the message "IS IT OK TO ABORT THE SYSTEM?" will be

displayed. The user must enter YES to perform the
load.
START - This command causes a warm start to be performed. If

from the start device specified by the control panel
START thumbwheel switches. If the system is in the RUN
state the message "IS IT OK TO ABORT THE SYSTEM?" will
be displayed. The user must enter YES to perform the
start.

SELFTEST - This command initiates a selftest of the system from
the system 1is in the RUN state the message "IS IT OK

TO ABORT THE SYSTEM?" will be displayed. The user

- must enter YES to continue the selftest. Refer to the
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SHUTTEST -

DCTEST -

LOG -

CMP/System Selftest manual (P/N 30090-90005) for more
information on selftest.

This command tests the power fail and overtemp shut-
down circuitry on the CMP and in the power supply.
The command causes the message 'Cycle Power To Restart
System' and then pulls PFW- 1low on the backplane.
This should cause all power to be shut off in the sys-
tem except the memory supply. To bring the system up
after this test, cycle the system main power breaker.
If the test fails, the CMP prints the message 'Test
Failed'.

This command causes testing of the RS-232C signals on
the CMP, A special test adapter (P/N 30090-60052)
must be installed between J3 on the CMP and the stand-
ard CMP cable. The CMP cannot be in remote mode while
performing this test. See the CMP/System Selftest
manual (P/N 30090-90005) for more DCTEST information.
This command causes a display of actions performed or
detected by the CMP. The items which are entered in
the log are:

Display On . 'Display' command entered.
Dump 'Dump' command entered.
Halt CPU went to halt.

Halt Command The Halt command was used.
IOMAP 'IOMAP' command entered.
Load 'LOAD' command entered.
Power On Power-on reset to CMP when

battery power was lost.

Powerfail/Reset A powerfail occurred or the PON
signal went low without loss of
memory backup power.

Run CPU went to run.

Selftest OK System selftest passed.
Selftest Failed System selftest failed.
Shuttest Power shutdown test performed.
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HARDCOPY -

SPEED -

:SPEED -

IOMAP -

CcMP

Shuttest Failed Poser shutdown test failed.
Start 'START' command entered.

These events are listed along with the elapsed time
{not including power off time) since the event
occured. The last 63 events are shown. The 1log is
retained during a power failure since it is stored in
memory which is on battery backup. An example is:

EVENT LOG

Days Hrs Min Since Event
2 23 05 Power On
3 20 Overtemp Shutdown

3 20 Powerfail/Reset
2 25 Halt

2 20 Start Failed

2 05 Halt

2 03 Load Failed

1 51 Halt

1 50 Cold Load

1 50 Selftest Failed

03 Load
This command causes the Maintenance Display to appear
on the screen. See the CMP Maintenance Mode manual
(B/N 30090-90007) for more information.

This command causes the maintenance display to be
printed without using the cursor addtressing and mem-
ory lock functions present on most CRT terminals. The
display will be reprinted completely after every
screen update.

This command allows the user to change baud rates when
MPE is not running. The receive and transmit baud
rates are specified in the command (i.e. SPEED <rate>
<rate>). The receive and transmit baud rates must be
identical to be compatible with MPE and the ADCC.
This command is identical to the MPE command to change
baud rates.

This command is identical to the standard SPEED com-
mand but it allows the CMP and MPE to be set to the

same speed simultaneously. Use this command when MPE
is running.

This command causes the current system configuration
to be printed. The memory size, control panel switch
settings, and all channels and devices in the system
are identified.
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Invalid command names will cause the following message to be dis-
played:

'INVALID COMMAND, USE HELP FOR INFO'

5-15. Halt Messages. When the system halts, the CMP will out-
put a message. The possible messages are:

Halt - This indicates a halt caused by the CMP or sys-
tem control panel.

Halt XX - This indicates the CPU executed a HALT instruc-
tion. The parameter (XX) is the halt parameter
from the instruction in decimal. The normal
halt after a =SHUTDOWN is HALT 15.

System Halt XXX - This indicates a system halt. The halt number
(XXX) is in decimal. The following is a list
of standard system halt numbers:

1 STTV with source seg<2 (including internal
and external interrupt setup).

2 Absence on ICS.

3 Trace or absence witﬁ nseg#<2.

4 Sys CSTL=0.

S Stack overflow on ICS.

6 Load/Start/Dunp - channel program timeout.

7 Load/Start/Dump - bootstrap channel program
checksum error.

8 Load/Start/Dump - bootstrap channel progranm
abort.

9 PSEB Macro Found.

Hardware Failure XXX - This indicates an error was detected by
the CPU resident section of selftest. The num-
ber (XXX) is in decimal. See the CMP/System
Selftest manual for descriptions of the number.

The halt numbers are read from SPO in the CPU. Only the lower
eight bits of SP0 are examined. Values in the range !1 - !1F
indicate system halt numbers. Values in the range !20 - !EF in-
dicate hardware failure numbers. Numbers in the range !F0 - IFF
indicate halt instruction numbers and only the lower four bits
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are used to generate the halt number. In this case a halt in-
struction can be seen in the CIR. Zero indicates a halt from the
CMP or System Control Panel.

5-16. Debug Commands. Several commands exist for CMP test and
debug. These commands are not for use by customers and are not
listed by the HELP command. Each command must be preceeded by a
CONTROL Z. The commands are:

P <hex number>. This command causes the microprocessor {MC5) on
the CMP to start executing code at the address specified by the
hex number.

R <hex number>. This command does a memory read from the address
specified. The value stored at that memory adress is printed.
Note that reading from the UARTS is done with the R command since
the UARTS exist in memory space.

W <hex number> <hex number>. This command does a memory write to
the address specified by the first hex number. The second hex
numbergives the data to write to that location.

I. This command prints the value read from all eight CMP exter=-
nal registers.

O <hex number> <hex number>. This command performs an I/O write
to the external register specified by the first hex number (0-7).
The second hex number gives the data to write.

S. This command sets CMP memory locations !700-!7FF to 2zero.
Then the first failure detected during SELFTEST or IOMAP will
cause the current stack area starting at location 0 to be moved
to the stack buffer area starting at location !700. Only the
first failure will be logged. The "S" command must be re-entered
to log the next failure.

517. R Console (Modem) Interface

The remote console operates in parallel with the local console.
The CMP firmware makes absolutely no distinction between remote
and local commands. All events are displayed on both consoles.
Use of the :SPEED or SPEED command should be used to ensure that

the baud rate of the system console is the same as that of the
remote console.

5-18. ADCC-System Interface
The ADCC and the system will never see any effect of the CMP ex-

cept under one situation. When the user enters a CONTROL B char-
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acter, it is sent to both the CMP and ADCC. Hence the ADCC will
receive a CONTROL B character when the system is operating and
the user wishes to suspend the operating system. Upon receipt of
the CONTROL B character, the CMP will disable the ADCC from send-
ing or receiving from the local and remote consoles until the
user has entered their command followed by a carriage return.
The CMP will delete the CONTROL B character from the system buf-
fer by sending a backspace to the ADCC,

5-19. System Control Panel Functions

The CMP communicates commands and gets status from the control
panel serially. The commands to the control panel are: HALT,
RUN, START, DUMP, and LOAD. The status from the control panes
includes START, DUMP, LOAD, RESET, OVERTEMP, MAINTENANCE DISPLAY
ENABLE, CONTROL FUNCTIONS ENABLE, and REMOTE ENABLE.

5-20. Overtemp Shutdown

The CMP monitors the overtemp warning indicator from the control
panel. If an overtemp conditin occurs, the CMP logs the event so
that it can be read out in the log at a later time. Then the CMP
will print a message to the system console stating that the sys-
tem is being shut down due to overheating. The CMP then asserts
PFW (Power Fail Warning) which causes the power control board to
shut down all DC power except memory power. The user must cycle
the system main power breaker to restore power.

5-21. Security Specifications

Security with the CMP is similar to security on the HP 3000/33.
Switches exist behind a locked door to allow three levels of sec-
urity. In the first level of security the system can be locked
off or on, with no capability for RUN, HALT, WARMSTART etc.
except for the MPE SHUTDOWN command if the system is running MPE.

The second level of security allows the RUN, HALT, IOMAP, SELF-
TEST, DUMP, WARMSTART, and COLDLOAD capabilities but does not al-
low the Maintenance Display.

The third level of security allows everything the second does and
allows the Maintenance Display also. The switches that allow
these functions are on the control panel. The CMP examines the
control panel status to determine what capabilities to allow.

Remote capability is disabled by a switch on the system control
panel. Thus the user must remember to reset the switch after use
to prevent unauthorized persons from calling in from a remote lo-
cation and acting as the system console operator.

5-14
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5-22. Installation and Configuration Specifications

The CMP is adjacent to the CPU and is connected to the CPU by two
ribbon cables. The CMP contains a bank of eight switches on the
board edge. Unused switches should be in the down (closed) posi-
tion. The switches have been assigned the following functions
where Bl is the uppermost switch:

Bl - Automatic Warm Start. When the switch is in the up (open)
position, the CMP will cause an automatic warm start when-
ever the system is powered on. When the switch is in the
down (closed) position, the CMP will not cause an automatic
warm start.

B3 - CMP Disable. When the switch is in the up (open) position,
the CMP will be disabled. It will not enable any of its
interface circuitry. Two of the LEDs on the edge of the
CMP will blink while the switch is up. The console to ADCC
path will still be operable.

B8 - Loop Selftest. Setting this switch to up (open) will cause
SELFTEST and DCTEST commands to cause the test to loop re-
gardless of errors. In the down (closed) position the
DCTEST will not loop and the SELFTEST will halt on first
failure.

There is a package of eight switches on the PCA. These switches
should normally be in the closed position. (See figure 5-2.)
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Figure 5-2. CMP PCA
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6-1. INTRODUCTION

This section contains the description of the HP 3000/44 Memory
Subsystem. This description includes the memory arrays and the
memory control and logging PCA. The system block diagram is used
as a guide for the following discussions of the Memory Subsystem.

6-2. GENERAL

The HP 3000/44 Memory Subsystem (figure 6-1) provides high-speed,
error-correcting main memory storage. Data is stored in 39-bit
words; 32 data bits and 7 error detecting and correcting bits.
The memory subsystem consists of a memory control and logging
(MCL) PCA and up to eight semiconductor memory arrays (SMA). The
MCL can control up to eight SMAs for a total of 2 megabytes of
main memory when 16k RAMS are used, or up to 4 megabytes when 64k
RAMS are used. However, a system may operate with one or two
MCLs. This provides for up to 4 megabytes of memory. The LOWER/-
UPPER switch on the MCL sets the lower or upper MCL at the two-
megabyte boundary.

The subsystem functions in one of four operations; Read, Write,
Read and Write Ones, and Memory Command Status. The Read opera-
tion reads out a 32-bit data word to the MCL which, in turn,
places the addressed 16-bit data word onto the Intermodule Bus
(IMB). The Write operation consists of a read before write. The
32-bit word is read from memory and the 16-bit word being written
replaces the appropriate half of the 32-bit word. The 32-bit word
is then rewritten into memory. The Read and Write Ones operation
performs a standard read from a memory location, after which
time, that memory location is written with all ones. The Memory
Command Status (MCS) command provides for error logging, error
correction and detection, refresh, initialization, disabling par-
ity checking and error correction.

Operating power for the refresh and power fail circuits of the
MCL is supplied by a rechargable battery pack in the power sup-
ply. The power supply can support up to two megabytes of memory
(using 16K RAMs). Two power supplies are required for additional
memory. When AC power is removed or lost, power is obtained from
the battery. Power from the battery is available a minimum of 15
minutes, depending upon memory size and battery condition, to
maintain memory data.
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Figure 6-1. Memory Subsystem Block Diagram

6-3. Memory Control and Logging

The memory control and logging (MCL) PCA contains the read/write
control circuits, address and data registers, refresh circuits,
error detection/correction logic, and error logging array.

The MCL is responsible for all IMB handshake protocol, timing
generation, address multiplexing, parity code generation, refresh
operation, error detection, and error correction and logging. The
MCL talks directly to the the IMB, relaying data, address, and
control information to the memory arrays through the memory bus.
The memory bus is reserved solely for the memory subsystem. The
MCL automatically initiates the refresh cycle every 16 to 31
microseconds, depending upon temperature. Duration of the refresh
period is approximately 550 nanoseconds.
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The MCL also contains and updates an error logging array (ELA),
which is a 4K static RAM, for all correctable and double-bit data
errors that have occurred in all 16K RAM chips. The contents of
the ELA are available to te software by means of the memory com-
mand/status (MCS) command.

6-4. Semiconductor Memory Arrays

The semiconductor memory array (SMA) contains the circuits that
provide module address decoding. All communications with the mem-
ory arrays are governed by the MCL.

The individual memory chip is a 16K by 1 storage device. The
chips are physically arranged on each SMA in eight rows, and
grouped into four logical rows. (See figure 6-2.) Each RAM in a
logical row contains one bit for each storage word (B0-B31), and
the check bits (C0-C6). This arrangement provides for 256 Kbytes
of storage per SMA.
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65. Data Word

Internally the memory functions as a 39-bit word, 32 data bits
and 7 check bits. All single-bit errors are detected, corrected,
and logged. All double-bit errors are detected and 1logged. 0dd
parity is used on all the check bits. The internal 32-bit data
word contains two l6-bit CPU words, with the least significant
bit Al5 of the IMB address being used to identify each. The even
word (Al5=0) designates the A-word and the odd word (AlS5=l) de-
signates the B-word. The internal data bus from the MCL to the
SMA's is 39 bits wide. The format is shown in figure 6-3.

A0 A15 AD A15C0 [~

\ /\ - /\ SEE /
A15=0 A15=1 NOTES

NOTES: 1. NORMALLY GENERATED FROM A+8=32 BIT WORD TO

BE WRITTEN iINTO MEMORY.

N

MAY BE SUPPLIED FROM THE 7-BIT ALTERNATE CHECK
REGISTER (ACR). IT IS LOADED BY EACH MCS COMMAND
AND MAY BE INVOKED ON SUBSEQUENT OPERATIONS.

Figure 6-3. Data Word Format

6-6. Address Word

The MCL accepts 22-bit addresses across the IMB, address bits A0
through Al5 and extended address bits El through E6. Bits E8 and
E7 are are not used. Each address corresponds to one 32-bit data
word stored in a memory location.

Each memory array module stores 256 Kbytes in four logical rows
of 16K RAM chips. Two buses are used to address the SMAs, the
board and row address bus and the multiplexed chip address bus.
Bits A0, and El through E6 address an SMA and the logical row on
that SMA. (See figure 6-4.) Bit E5 is used to identify the first
or second MCL, in the event two are used. These two bits are not
passed on to the SMAs. The chip row and column addresses are two
seven-bit words that are time multipexed onto the multiplexed
chip address bus. Bit Al5 indicates the A and B words. Each ad-
dress represents one 16-bit CPU word.

If non-existent memory is addressed, all ones are returned with-
out parity. When non-existent memory chips are addressed on a
memory array, all zeros are returned without parity. An example
of the latter is when a memory board is only partially loaded.

6-6
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ES E4 E2 E1 A0 Al A7 AB

A14 A15

I

SMA1 NO, RAM CHIP?
COLUMN ADRS
LOGICAL
ROW NO.
| Loweres~o
UPPER = ES =1

ROW ADRS

t

AORB
WQRD

Figure 6-4. Address Word Format

6-7. MEMORY OPERATIONS

The memory subsystem functions in the following four operations:

Operation Symbol
Read Word R
Read Word and RW1
Write Ones

Write Word W
Memory Command and MCS
Status

Read and write allow reading data from or

IMB Opcode

000
001

010

101

writing data to the

memory by any bus controller such as the CPU or an I/0 channel.
Read and write ones is an operation whereby a memory location is
read and then ones are written into that location. This is used
only when two CPUs are available and indicates to either CPU that

the location read no longer has useful data

stored. The memory

command and status allows control, modifying, and reading of the
read, write, and read and write ones operations, reads or modi-
fies the contents of the error logging array, and retrieves sta-

tus information.

6-8. Read and Write

The read cycle reads out a 32-bit data word

with the checkbits

onto the memory bus from the address supplied on the IMB. The MCL

reads the checkbits for error status, unpacks

6-7

the 32-bit word
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into two 16-bit data words (A and B), and places the addressed

data word onto the IMB. If A15=0, word A is addressed. If AlS5=l,
word B is addressed.

If a correctable error is detected during the read operation, the
internal cycle is transformed into a write-type operation in
which the corrected 32 data bits are rewritten with correct check
bits into the same address. If a double-bit error is detected, it
is logged in the ELA and the IMB-PER line is asserted on the IMB.

Since there are two IMB data words per one memory word, address
bit Al5 is used to identify the A and B words. Table 6-1 summar-
izes error conditions and address for read and write ones opera-
tions. The MCS command is used to retrieve error status.

In the write operation, the full 32-bit data word plus 7 check
bit contents of the internal addressed word must be read, checked
for data errors, correct single-bit errors, and latched before
the wrxtlng phase can take place. Hence, every memory write oper-
ation is internally a read-modify-write operation. This is also
true of RWl. Since a parity error on the read part of a write
operation is just as much a disaster as on a read opcode, it is
logged in the ELA, stored in the WPER, and asserted on the IMB-
PER line on the next read operation.
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Table 6-1. Error Conditions and Actions

Set
MCL
Memory Error Error IMB Status Internal
Condition Condition |Logged | Assert Bits Action
Read A/B None No = - Data to IMB
Single bit Yes - E Corrected data to
IMB with write
Double bit Yes PER-L P Uncorrected data
to IMB
Read and None No - - Data to IMB and
write ones write ones
A/B
Single bit Yes - E Corrected data to
IMB and write ones
Double bit Yes PER-L P Uncorrected data
to IMB and abort
write ones
Write A/B None No - - Read data, replace
A/B word and write
Single bit Yes - E Corrected data,
replace A/B word,
and write
Double bit Yes - P,WPER| Read data, no
correction, and
abort write
Initialize - No all Ignore read data,
Reset force A=B, and write

On writes, the bus handshake precludes asserting parity error
(PER-L) during the write operation. It is stored (WPER) and the
IMB-PER-L is asserted once on the very next read or read and
write ones operation. WPER being set does not inhibit any of the
operations indicated, but forces the PER-L on the following read
or read and write ones. Also error logging is not duplicated when
PER-L is forced on.
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69. Memory Status and Command

The memory and command operation enables the software to set up
special conditions within the MCL as follow:

e The MCL can modify the normal patterns of vread, write, and
read and write ones. This is accomplished with two independent
registers on the MCL, the alternate check register (ACR) and
the altered status register (ASR). These registers are loaded
on the execution of each MCS operation. Only the ASR is clear-
ed by PON, IMB SRST-L, or the MCL RESET switch. The subsequent
use of the ACR is controlled by the ASR, which for example,
can disable error correction or inhibit error logging.

® The contents of the error logging array (ELA) on the MCL can
be interrogated and modified.

e Status information can be retrieved for diagnostics and system
operation.

All information from the CPU to the MCL is sent over the IMB ad-
dress bus while the status information back to the CPU is sent on
the IMB data bus. Since the status word contains information from
a specific address, the content of the address bus is functioning
as a normal address. At the same time, the ASR is loaded from the
address and the ELA is modified (if necessary) according to the
information on the address bus. Therefore, the content of the
address bus is acting simultaneously as both an address and an
instruction. The result of this is that when executing an MCS
operation, four actions always occur simultaneously:

1. A 16-bit status word is returned. The contents of the status
word are defined in figure 6-5. (Execution of an MCS command
reads only the check bits from an array board.)

2. The content of the location addressed by bits ES through A7 in
the ELA is read out and returned as status bit D8. (See figure
6-6.)

3. Address bits A0 through A6 are loaded into the alternate check
register (ACR) for possible use on subsequent writes.

4. Address bits Al0 through Al5 are loaded into the altered stat-
us register (ASR). (See figure 6-7.) Zeros in the ASR define
normal operation, hence, an MCS with bits Al0 through Al5=0
restores memory to normal. All ones in the ASR for bits AlQO
through Al3 modify subsequent reads, reads and writes ones,
and writes until an MCS with all zeros is executed, or the ASR
is reset.
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INITIALIZATION - Bits AlO and Al2 in the ASR set up an initialize
state for writes that forces the data word from the IMB into both
A and B memory words. This enables known data and the proper
check bits to be written into every 39-bit memory word from a
condition of random data. This must precede normal use of memory.

D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

64 CONTLR TYPE
[o]e]e]ela]s]a[Eo e [e]o NTo 0l

Bits DO thru D6 Check bits from the location addressed
by bits E6 thru Al4 of the address
word (Al5 is not used).

Bit D7 Memory chip type from the accessed SMA
1 = 64K bit RAM
0 = 16K bit RAM

Bit D8 Data bit from the ELA for ELA address

bits E4 thru A7
1 Error logged

0 No error
Bit D9 Noncorrectable error since last MCS
Bit D10 Correctable error since last MCS
Bits D11 thru D15 Controller type - octal

10 = 0 to 8 Mbyte or first 2 Mbytes
11 = second contrlr 2 to 4 Mbytes

Figure 6-5. Status Word Definition
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E5 E4 E3 E2 £1

A0 A1 A2 A3 A4 A5 A6 A7

T Tl T

Bit ES

Bits E4 thru E2
Bits El and A0

Bits Al thru A7

Second controller select bit when
there are two Mbytes per controller.
MCL select switch must be correctly
set on both controllers. If bit E5=1
and the second MCL is present, bits E4
thru A7 of the address word address
the second controller ELA. Bit E5 is
in the don't care state for a single
MCL with the select switch in the mid-
dle position.

SMA number (0 to 7)
Logical row number on SMA (0 to 3)

Syndrome code bits

Figure 6-6. Error Logging Array Address Bits E4 thru E7
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A0 Al A2 A3 A4 A5 A6 A7 AB A9 A10 Al1A12 A13 Al4 A15

loferferfon oo Jesfen] [ [ JEE[ieTeE"c[™ ]

Bits A0 thru A6

Bit AlO
(see note)

Bit All

Bit Al2
(see note)
Bit Al3

Bit Al4

Bit Al5

Bach MCS instruction loads address bits A0-A6
into the alternate check register, which sup-
plies the check bits on subsequent writes if
bit Al3 was set on the last MCS.

Disables PER. Only single-bit errors are
logged. Double bit errors are latched into bit
D9 (P) of the status word. Resets the WPER
bit.

Disables the logging of all errors on R, RWl,
and W. Single-bit errors are latched into bit
D10 (E) and double-Bit errors are latched into
bit D9 (E) of the status word.

Disables error correction on a read. No
rewrite occurs on single-bit errors on a read.

Use the ACR on subsequent writes including the
initialize write.

Write bit AlS into the ELA address which is
specified by bits E4-A7. Previous value is
returned in bit D8 (DL) of the status word.
This makes the MCS into a "read the ELA and
leave alone" (Al4=0), or "read-modify-write"”
(Al4=1).

DL - Data bit to be written into the ELA.

Figure 6-7. Altered Status Command Bits
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Note. If bits AlQ0 and Al2 are both set, then:

1. On subsequent write instructions, the memory locations
are initialized to both words equal to the data sup-
plied, with the check bits generated by the memory par-
ity trees.

2. All error logging is inhibited on writes.

3. On read and read and write ones, bits Al0 and Al2
exert normal functions.

4. The ACR is used (if bit Al3 is set) to supply the check
bits instead of the parity trees. This provides total
control for writing into the 39-bit word.

Figure 6-7. Altered Status Command Bits (Continued)

6-10. Refresh

The RAM chips in the memory arrays are dynamic in nature and re-
quire periodic refreshing to prevent stored data from decaying
away. The chips are refreshed by the MCL at the same time. Re-
fresh occurs at a rate based upon the temperature of the array.
At 25 degrees C (77 degrees F), the refresh occurs once 31 micro-
seconds. At 70 degrees C (158 degrees F), refresh occurs once
every 16 microseconds. The refresh period is approximately 559
nanoseconds in duration. At 70 degrees C, a 3.4 percent loss of
memory availability is expected, while at 25 degrees C, the mem-
ory is unavailable for 1.7 percent of the time.

6-11. ERROR DETECTION AND CORRECTION

Error detection is accomplished by adding seven parity bits to
the 32 data bits so that a single data error generates an odd
number of signals in the seven outputs of the parity tree. Also,
a unique seven-bit syndrome error code is produced for each of
the 32 data bits and a unique code for specific groups of double-
bit error pairs. This error code is decoded to one in 32 and is
the means for correcting (complementing) single-bit errors. Any
double-bit error (data and/or check bits) generates an even num-
ber of signals in the parity tree outputs and will result in the

6-14
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assértion of parity error PER-L to the IMB for 500 nanoseconds.
Detection and correction do not occur within the normal memory
cycle. Read access time is 70 nanoseconds longer with correction.
Any single-bit error sets the E-status bit and any double-bit
error sets the P-status bit. The full 32-bit error detection code
and resulting octal syndrome error code are shown in figure 6-8.

6-12. ERROR LOGGING

All detected errors are recorded according to chip location in an
error logging array (ELA) static 4K RAM. The RAM is located on
the MCL. Seven bits of syndrome error code and five bits of mem-
ory address determine the error logging address in which a one is
stored in the ELA.

The ELA is organized in a 4056 x 1 bit array so there are 12 bits
of address. The five most significant bits represent the five
most significant bits of an SMA memory address (BO, Row 0, etc.).
The seven least significant bits of the error logging address re-
present the error syndrome code (SO through S6).

The ELA must be cleared to all zeros (after initialization) using
4096 MCS commands before valid logging starts. The ELA is later
read under program control by means of the MCS command. Any ELA
location containing a one means that an error was detected.

Table 6-1 is the complete table of all possible (128) syndrome
error codes. There are 39 possible single-bit errors and 63 pos=-
sible error codes for various groups of error pairs. One code re-
presents the no-error condition and the remaining 25 error codes
are for three-bit (or more) errors.

The size of the ELA permits a unigue code for each single-bit
error and a unique code for double-bit error pairs. Any one error
pair will cause its group syndrome error code to supply the SO
through S6 part of the ELA address for logging. With a known or
suspected single-bit error, a second bad bit can be located, us-
ing the data given in table 6~1. A normal functioning memory
should never log errors that occur in the 25 multiple-bit error
category.

6-15
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Table 6-2. Octal Syndrome Error Codes

Memory

r— OCTAL SYNDROME ERROR CODE

NOT A SINGLE OR DOUBLE
1/ 62/ 4 8/ 12 16/22
NOT A SINGLE OR DOUBLE
NOT A SINGLE OR DOUBLE
0/28 1733 2/35 3/29
32

0/19 3/18 4/21 5/23
g/ll 3/10 4/15 5/13

0/ 73/ 6 8/15 9/13

0/32 1729 2/31 3/33
4/ 7 8/11 15/38 16/19

0/27 2/24 3/26 4/32

0/21 1/23 3/20 4/19
0/15 1713 4711 7/ 8
NOT A SINGLE OR DOUBLE
2/ 35/ 7 9%/ii 1%/i4
13

23
1727 4/29 5/32 6/31

0/23 1/21 3/22 5/19
0/13 1715 2/14 3/12
NOT A SINGLE OR DOUBLE

29 .

1/19 4/23 5/21 9/27
1/11 4713 5715 17/27
NOT A SINGLE OR DOUBLE
1/ 7 8/13 9/15 16/23
NOT A SINGLE OR DOUBLE
NOT A SINGLE OR DOUBLE
0/29 1732 2/30 3/28
0/ 3 6/ 7 10/11 12/13

14

NOT A SINGLE OR DOUBLE
1/24 3/36 4/30 5/31
NOT A SINGLE OR DOUBLE
2/23 3/37 6/19 7/18
0/14 2/13 3/38 6/11
3

30

3/16 6/21 7/20 9/24
3/ 8 4/14 6/15 17/24
NOT A SINGLE OR DOUBLE
3/ 4 8/14 10715 18/21
NOT A SINGLE OR DOUBLE
NOT A SINGLE OR DOUBLE
0/30 1/31 2/29 3/35
31

2/19 3/17 6/23 7/22

2/ 73/ 5 9/14 10/13
NOT A SINGLE OR DOUBLE
NOT A SINGLE OR DOUBLE
0/31 1/30 2/32 3/34
1/ 3 12/15 20/23 21/22
NOT A SINGLE OR DOUBLE
NOT A SINGLE OR DOUBLE
0/24 2/27 3/25 4/31
24

2/21 8/31 9/30 10/29
1/14 2/15 16/31 17/30
NOT A SINGLE OR DOUBLE

BIT ERROR
17/20 24/32
BIT ERROR
BIT ERROR
5/26 6/25

/37 8/27
6/14 /38

10/14 11/30

4/27 7/36
21/37 27/36

5/29 6/30

7/16 8/32
16/32 17/29
ERROR

13/30 17/19%

7734 9/19
BIT ERROR
/17 8/29
5/11 71/ 9
BIT ERROR

10/24 11/25
18/24 19/25
BIT ERROR
17/21 24733
BIT ERROR
BIT ERROR
5/27 6/24
14/38 18/19

BIT ERROR
6/32 7/33
BIT ERROR
8/30 9/31
7/10 16/30

10/27 11/26
18/27 19/26
BIT ERROR
19/20 24/34
BIT ERROR
BIT ERROR
5/24 6/27

8/24 12/32
7/12 16/24
BIT ERROR
11712 18/23
BIT ERROR
BIT ERROR
4/24 10723
24/36 28/32
BIT ERROR
BIT ERROR
5/30 6/29

11728 12/27
18/29 19/28
BIT ERROR

25/33

7/24

11/36
16/27

16/21
8/21
28/31
/35

9/29
18/30

23737

11/17
9/32

16/29
12/30
20/31
25/32
7/25

20/21
10/19
10/32
17/31
12729
20/32

25/31

7/26

13/33
20/29

19/22
11722
29733
7728

13/26
22/27

27/31

8/22

12/31
19/36

17/23
9/23
29/34
8/19

10/30
19/35

24/28

13/37
10/31
17/32
13/35
21/34
26731
8/23

22/23
11/18
11/33
18/32
13/28
21/33

26/32

10/21

14/34
21/28

24/35
12/19
30/34
12/21

14/25
23/26

28/36

9/20

13/34
20/30

19/37
11/37
30/33
11/16

11/35
21/36

25727
25/27

14/22
11/34
18/31
14728
22/30
27/34
9/21

24/25
12/23
14/36
19/33
14/35
22/29

27/33

11/20

15/28
22/32

25/30
13/18
31/35
13720

24/38
24/37

LIST OF ALL POSSIBLE SYNDROME ERROR CODES FOR
SINGLE ERRORS {39) AND DOUBLE BIT ERROR PAIRS {63)

12/16

14/33
21735

24/28
13/17
32/35
14/20

12724
22/24

28/3¢0

23/38
13/36
19/34
15/34
23/35
29/36
13/16
26/27
13/22
15/26
20/27
15/33
23/28

30/36
14/16
31/38
23/33
26/29

14/17

15/22

15/35
22/31
25/29
14/18

15/37

13/25
23/25

29/35

15/25

20/24

29/38

29/37

15/17

28/29

14/37

21/26

30/38

30/37

15/18

31/37
27/28

32/38
23/34 32/37
26/30 27/35 32/36

15/16

21/38

14/26
27/37

31/33

21/25

30/35

15/20

31736

19738

15/36 27/38

32/34

23/36

31/34 32/33

LEGEND:
0 = DO
31 = D31
32 = Co
33 =C
34 = Q2
35 = C3
3% = C4
37 = C5
38 = C§
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Table 6-2. Octal Syndrome Error Codes (Continued)

166 0/16
165 0/ 8

4
163 0/ 4
8

16
160 0/35

34
156 0/17
155 0/ 9
5

153 0o/ 5
9

151 17
150 0/34

144 0/25
25

142 1737
141 1738
1

137 33
136 o0/18
135 0/10
6
133 o/ 6
10
18
130 0/33
127 1/ 2

1us 22

112 o/22
i 0/12

106 l/ll

147 0/ 1 a4,
146 NOT A SINGLE OR DOUBLE B!
145 NOT A SINGLE OR DOUBLE

1728
2/22
2/12
1/17
/79
/s

4/35
4/16
3/14
4/37
4/38
8/38

1/34 2/28

1/16
1/ 8

17 4

1/35
5

1/36
2/20
9
2717
79
k78

1/28
v 6

114 1726 2/36 4/28
113 NOT A SINGLE
1/20

2/38

2/16

2/18
2/10

2/ 6
2/13
8/ 9

2/26
/17
S/ 8
3/19
/11
7

2/34
8/10

5/34
5/17
4 8
6/20
/15
11715

r— OCTAL SYNDROME ERROR CODE

6/33 1/32
6/18 7/19
5/ 9 /10
7/21 8/36
16/36 17/25
16/37 18/20

8/16

8/35
7/11

9/17

9/34
16/35

10/26

10/18

10/33
17/34

11727

9/25
18/26 19/27 20/33

19/21 24/31 25/34

11/19
11/32
18/33
12/28
21/32
26/33

3/30 4736 4/36 5/25 6/26 1/27 8/37

5/37
5/38

9/30
3/31
13/15
3/24
5/16
16/34
4/20
5/12
9/12

3/32
14/15

126 NOT A SINGLE OR DOUBLE
20

124 0/26 2/25 3/27
26

122 0720 1722 3721

121 1/12 3/15 4/10
120 NOT A SINGLE

4/33

4/18
6/ 8

OR DOUBLE B

117 0/ 25/ 6 9/10
12

12/30

5/33

6/22 1/23
6/12 /13

10/12 11/13
4/25 5/36
16/17 20/22
IT ERROR

BIT ERROR
4/34 5/35

8/34 9/35
17/35 18/28
5/22 6/37
6/38 7/14
10/38 11714
4/26 6/36

16/18 20/37
BIT ERROR

5/28  6/35

6/16 8/33
16/33 17/28

T ERROR
13/14 17718

6/34 1/31
T ERROR

OR DOUBLE BI

37
A

105 1/10 2/ 8 :512

3/23
5/10

5/20
17726

5/10 6/17
6/ 9 16/28

9/26 10725
1)/25 19724

8/25
16/25

17/37
9/37
21/23
6/28
10/28
19/29
8/26
16/26
16/20
8/20
26/36
/30

9/28
18/3S

22/37

9/18
8/20
17733

11/24
20/34

9/36
17/36

18/22
10722
25/36
7/29

11/29
22/26
10/36
18/36
17722
9/22

28/34
8/18

10/35

19/30
24/27
10/17
9/33

1‘/3‘

12/35
2%531

12/33
20/28

19723
11723
28/33
8/17

12/26
23/27
12/34
20/35
18/37
10/37
29/31
10/16

11/30
20/36

25/28

12737
10/34
19/31

13/30
22/38

13/32
21/29

24/30
12/18
29/32
9/16

13/27
25737
13/31
21/30
24/29
12/17
30/32
14721

12725
22725

20/35

14722
11/31
20725

14/29
23/30

12/22
15/27
19/32
13/29
22/28
27/32

13/23
36/38
20/26
14/30
23729
35/36

15/21 37738

21727 36/37

15/32 3s5/38
35/37

10/20 11721 15/19 16/38

14/31
22/33

25/35
13/19
30/31
12720
14724

14/32
22/34

25/28
14719
33735
20/38

13/24
23/24

29/30

22/38
12736
21724

15/31
28/37

15/29
23/32

26/28

17/38
34/35

13721

25/38

15/30
23/31

26/35

18/38

14/27
26/37

31/32

15/24
22/36

28738

34/38

34737

27/29 34/36

15/23

33/38

33/37

27/30 33/36

26/38

33/34
2=cC0
I=C
34 = C2
35 = C3
36 = C4
37 = C5
38 =C6
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6-13. CONFIGURATION GUIDE
6-14. Switch Settings
Memory Array (See figure 6-2.)

e MEMORY An eight-position thumbwheel switch that sets the mem-—
ADDR ory array address.

Memory Controller (See figure 6-9.)

@ RESET A momentary switch that forces all control logic and
(Sl) the E and P status bits to the reset state. This is
equivalent to IMB PON (low) and SRST (low). The switch
may be depressed with the memory active because the
switch can only be activ during memcry refresh

cycles.

® B-M-A A three-position switch that sets the MCL for
controlling the upper two megabytes of memory (B), the
lower two megabytes of memory (A), or is set to the
M-position when 64k RAM's are installed.

6-15. Test Lights

Five test lights on the MCL are service aids that indicate the
following:

e Activity - Lights when the memory is active, including refresh

e Initialize Write - Lights when the memory is active doing
writes in the initialize state.

e C Bit - When 1lit, indicates that the second MCL is installed,
which addresses the upper 2 to 4 Mbytes of memory (16K RAMs
only).

e E Bit - Lights when one or more correctable error has
occurred.

e P Bit - Lights when one or more uncorrectable error has
occurred.

Note: The E and P bits are latched until reset by one of the
following actions:

1. The MCL RESET switch is depressed

2. The system reset SRST-L is activated

3. PON is activated when system power is turned on
4, An MCS command is executed
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MEMORY CONTROLLER

St

asaas ™
—

A LOWER 2 meg

LED'S
8 UPPER 2meg

A

'
[4
€
P

- MEMORY CONTROLLER ACTIVITY M 64K RAM's

- INITILIZE WRITE {MCS 28)

- MCL SET TO B POSITION 2-4 megs

- SINGLE BIT PARITY ERROR DETECTED
- MULTI-BIT PARITY ERROR DETECTED

Figure 6-9. Memory Controller PCA
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6-16. MEMORY ERROR LOGGING FACITLITY

The memory error logging facility allows the CE or system manager
to examine the error history of memory. The facility consists of
the following elements:

® Error correcting memory
e Memory error logging system process (MEMLOGP)
® Memory error log analysis program (MEMLOGAN)

e Memory error logging internal update program (MEMTIMER)

Memory error logging functions independent of standard system
logging. The operator interfaces to system logging have no effect
on memory logging.

6-17. Memory Error Logging System Process (MEMLOGP)

MEMLOGP is a system process that runs under MPE. Once initiated,
MEMLOGP interrogates the MCL to obtain the latest information.

MEMLOGP is activated only during the inialization phase of MPE
(warmstart, coldstart, reload, and update). If MEMLOGP cannot be
activated during initialization, another attempt cannot be made
until the system is brought up again.

MEMLOGP attempts to open the system memory error disc file MEMLOG
(MEMLOG.PUB.SYS). A new file is created if one does not exist. If
MEMLOG exists, the file will be opened without altering the in-
formation contained in the file. The file remains open as long
as the system remains up. During the periods when MEMLOGP is ac-
cessing the file, it will lock and unlock the file as necessary
to avoid multiple access. The log analysis program (MEMLOGAN)
similarly locks and unlocks the file during access periods.

If an operational error is encountered by MEMLOGP, the process
will display and error message and terminate. The message
displayed is:

ST/<TIME>/MEMORY LOGGING ERROR#<ERRNUM>.LOGGING STOPPED



Memory

The range and definitions for <ERRNUM> are:

1-10 Internal MEMLOGP errors
1 FLOCK error on MEMLOG file
2 FUNLOCK error on MEMLOG file

20-500 File system errors involving MEMLOG file. All file er-
rors encountered by MEMLOGP are fatal to the process
and cause it to terminate.

Once the MEMLOG file has been opened, MEMLOGP periodically inter-
rogates the error logging array (ELA). If errors have occurred,
the MEMLOG file is updated. The ELA is interrogated and updated
when MEMLOG is first activated and thereafter approximately once
every hour. MEMLOGP prforms the following operations:

® Reads the appropriate MEMLOG record from disc

& Scans the ELA for errors

e Updates the error counter in the MEMLOG record for each loca-
tion where an error occurred.

® Resets the ELA to a no-error condition

® Writes the updated MEMLOG record to disc.

6-18. Memory Error Logging Internal Update Program (MEMTIMER)

MEMTIMER (MEMTIMER.PUB.SYS) is the utility program that allows
the user to modify the interval of time between successive memory
log updates. The normal default interval is 60 minutes. This int-
erval provides the average installation with an adequate log of
the memory system. For other reasons, it may be desirable to mod-
ify the interval to allow increased monitoring of the memory per-
formance.

MEMTIMER alters the current timing interval toc a new value and
terminates the current interval. This causes MEMLOGP to update
the memory log file immediately and at the new specified inter-
val.

A new timing interval is specified through the PARM parameter of
the RUN command. There is no user dialogue with MEMTIMER. The
PARM value is given as a positive integer greater than zero which
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represents the number of seconds between log file updates. To
begin memory logging at l0-second intervals, the following RUN
command would be entered:

:RUN MEMTIMER; PARM=10

To return logging to the default interval (60 minutes), the fol-
lowing RUN command would be entered:

:RUN MEMTIMER; PARM=3600

Three error conditions are detected by MEMTIMER. If the PARM par-
ameter of the RUN command is equal to or less than =zero, then
MEMTIMER will terminate after printing the following message:

** INVALID PARM (DELAY) VALUE **
The current time interval remains unchanged.

If MEMLOGP has been terminated, then MEMTIMER will terminate af-
ter printing:

** MEMORY LOGGING PROCESS NOT ACTIVE **
In this case there is no timing interval update.

If MEMLOGP is currently updating the memory log file, the follow-
ing message will appear:

** MEMLOGP TIMER ENTRY NOT FOUND **

When this message appears, the timing interval will be updated.
MEMTIMER should be run again to ensure that MEMLOGP will recog-
nize the updated interval immediately.

Note that the default timing interval will become the current
timing each time the system is brought up. Therefore, if a nonde-
fault timing interval is desired, MEMTIMER must be run after each
initialization of the system.

6-19. Memory Error Log Analysis Program (MEMLOGAN)

MEMLOAN (MEMLOGAN.PUB.SYS) is the utility that reads and inter-
prets the error information logged and kept in the MEMLOG file.
Because of the security placed on the MEMLOG file by the system,
MEMLOGAN can successfully from an account other than PUB.SYS if:
The RELEASE command was entered for MEMLOG by the system manager.
MEMLOGAN will read MEMLOG and direct the contents to an output

device. To direct the output to the line printer, the following

6-23
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file equation must be entered:
:FILE OUT;DEV=LP

There is no user dialogue with MEMLOGAN. However, certain MEMLOG
file handling operations are available through the PARM parameter
of the RUN command. The following PARM values are recognized by
MEMLOGAN:

PARM=0. Causes the current contents of MEMLOG to be printed on
the output device. The contents of the file will not be
changed. This is the default PARM value.

PARM=1. Causes the current contents of MEMLOG to be printed on
the output device after which the file is reset to a no-
error state. All previously logged errors are deleted
from the log file.

NOTE

When a system is initialized for the first
time or the memory size is changed, MEMLOGAN
should be run with PARM=1 as soon as the sys-
tem is up and running. This will ensure a
clean MEMLOG file and that subsequent error
counts are valid.

PARM=2. Causes the current contents of MEMLOG to be printed on
the output device after which the file is deleted from
the system. (This is the only way to remove the MEMLOG
file from the system and normally only the system manager
would use this PARM value.)

6-20. Output. MEMLOGAN output will vary according to whether
the MEMLOG file is null or updated, and if updated, whether er-
rors occut.

If the MEMLOG file is not empty, MEMLOGAN will print the date and
time of the first and last log updates. If errors have been log-
ged, the date and time of the first and last error logged will
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also be printed. If no errors have been logged, MEMLOGAN will
terminate after displaying the message:

LOGGING STARTED -DATE:
LAST LOG UPDATED -DATE:
***NO ERRORS LOGGED ***

If errors have been logged, MEMLOGAN will continue by printing a
tabular interpretation of the information in the MEMLOG file. The
format of the printout is shown in figure 6-10.

NOTE

When a system is initialized by MPE,
{START or LOAD) the error logging array is
cleared as part of this initialization.
This keeps false errors from being logged
by MPE after a power on. This also pre-
vents parity errors causing a system fail-
ure from being logged on the disc. PRMDIAG
{on the DUS) should be run immediately af=-
ter a system failure where a multi-~bit er-
ror is suspected to interrogate the ELA.

6-21. Errors. If an operational error is encountered by
MEMLOGAN, the program will print the appropriate error informa-
tion and terminate. A non-file system error causes the following
message to be displayed:

*MEMLOGAN ERROR: <ERRNUMD>:

Where <ERRNUM> 1= FLOCK ERROR ON MEMLOG FILE
2= FUNLOCK ERROR ON MEMLOG FILE

When a file system error occurs, an error tombstone is displayed,
followed by *OUT FILE ERROR* or *LOG FILE ERROR¥*.

6-22. CE Operating Procedures. The following commands are
suggested for CE use to obtain hard copy output of memory errors:
:HELLO FIELD.SUPPORT

:FILE OUT;DEV=LP
:RUN MEMLOGAN.PUB.SYS

The line printer will then reproduce a copy of the log file.

6-25
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ADDRESS ERROR TYPE ERROR

CONTROLLER BOARD ROW TYPE BIT CHIP COUNT

<CONTROLLER> <BOARD> <ROW> | <TYPE> <BIT> <CHIP> | <CNT>

WHERE:
<CONTROLLER> = CONTROLLER A OR CONTROLLER B

<BOARD> = 0-7. <BOARD> IS AN INTEGER WHICH CORRESPONDS TO THE MEMORY MODULE
ADDRESS

<ROW> = 0-3. <ROW> IS AN INTEGER WHICH CORRESPONDS TO THE ROW DESIGNATION ON THE
BOARD IN WHICH THE FAILING CHIP IS LOCATED.

<TYPE> = CHECK.CHECK BIT ERROR OCCURRED;
<BIT> = 05. <BIT> REFERS TO THE FAILING CHECK BIT.
<CHIP> = U <N> WITH <N> = CHIP NUMBER
= DATA, DATA BIT ERROR OCCURRED;
<BIT> =0-15. <BIT> REFERS TO THE FAILING DATA BIT
<CHIP> = U <N> WITH <N> = CHIP NUMBER

<CNT> = AN INTEGER REPRESENTING THE NUMBER OF TIMES THIS ERROR WAS DETECTED
AND LOGGED.

147014-75

Figure 6-10. Error Printout Format
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7-1. 1/O SYSTEM OVERVIEW

This section contains an overview of the computer's I/0 system
which includes discussions on the file sytem operation, I/O ele-
ments, channel programs, and the General I/0 Channel (GIC).

The primary purpose of any computer is to input, process, and
output information. Under MPE, this information may be created
and used by the operating system, by compilers or other systems,
by user programs, or by the users themselves. To handle all
information in a uniform, efficient manner, MPE treats it as
groups of data called files. Specifically, a file is a collection
of information or data identified by a name recognized by MPE.
MPE uses media such as disc, diskettes, and tape for storing the
information. On any of these media, a file may contain MPE
commands, system or user programs, or data; alone or in any com-
bination. Within a file, all information is organized into units
of related data called logical records that for most applications
are similar in form, purpose and content. The records in the file
can be arranged in almost any order; alphabetically, numerically,
chronologically, by subject matter, etc. The logical record is
the smallest grouping of data that MPE can address directly; you
specify a file when you create the file. Individual subsystems
and user programs, however, can also recognize fields for data
items within each record. In addition, programs can also recog-
nize and manipulate individual words, eight-bit bytes, and bits
within a byte.

Data is transferred to and from files in units called blocks.
These are the basic units that are physically transferred between
main memory and the peripheral device on which the file resides.
On disc and magnetic tape files, a block consists of one or more
logial records; for files on other media, a block normally is
equivalent to one logical record (unless you request input/output
under the multi-record mode). To summarize the interrelation of
files, logical records, and blocks: a file is a collection of
records treated as a unit and recognized by a name; a logical
record is a collection of fields treated as a unit, residing in a
file; and a block is a group of one or more logical records
transmitted to or from a file by an input/output operation. The
purpose of the I/O system, then, is to perform actual physical
input/output operations for the file system of the MPE operating
system. The user normally does not interact directly with the I/0
system; only indirectly through the file system as shown in fig-
ure 7-1. Normally, all I/O operations are invisible to the user.
However, privileged users may access the I/0 system directly.
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FILE 10
PROCESS SYSTEM SYSTEM @

FILE SYSTEM 1/O

PRIVILEGED I/0

10
| —
SYSTEM Dexice

14701427

Figure 7-1. Basic I/O Access Methods

7-2. FILE SYSTEM OPERATION

Figure 7-2 illustrates the function of the I/0 system in the
overall handling of the files. The I/0 system is part software
and part hardware. Several peripheral devices are shown connected
to the I/0 system, each of which has some capability for handling
files; entering files, storing files, or both. Of particular
interest are the files stored on disc. Each disc file is broken
up into one or more extents. (Disc extents are composed of a num-
ber of blocks.) When the file system causes the I/0 system to
transfer data to or from the disc, it does so one block at a
time. The blocks are further subdivided into records and then
into individual words. When the file system processes user file
requests, it does so on the basis of records.

The memory management routine is also depicted in figure 7-2
since it frequently makes its own requests to the I/O system.
Memory management calls the I/0 system in order to bring code and
data segments into main memory where they can be accessed by the
user processes. In a typical operation a user process might
request the file system to read a file using the file request
(FREAD) intrinsic. The file system reads the stack associated
with the user process. In this example, no input/output has taken
place because the named record is already present in a buffer
(buffer 0) in Main Memory.

1f the requested record is not present, the file system makes a
request to the I/0 system to read the block containing the par-
ticular record. The I/0 system reads this block from the disc and
loads it into one of the buffers (Buffer 1) allocated to the
named file. The file system can now complete the request. During
the preceding operations, the user process did not specify a de-
vice. An actual I/O operation may or may not have occurred and
the user is completely unaware of the occurrence. The operating

7-3
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system, however, allows devices to be specified either by class
name or by a specific logical device number. This would permit
inputting or outputting files via a specific terminal or line
printer.

7-3. FUNDAMENTAL ELEMENTS OF THE 1/0 SYSTEM

As shown in figure 7-3, a Device Controller and General I/0 Chan-
nel comprise the hardware I/O linkage between the CPU and I/0
device. It typically consists of one or more logic cards housed
either within the main chassis or separately with its associated
device (such as the HP 7920 disc drive). Depending on particular
controllers, the Device Controller may drive only one peripheral
(such as a line printer) or may be capable of driving several
peripherals (such as disc units). Figure 7-3 illustrates some of
the important elements of the I/O system but is by no means com-
plete; it is intended to show the chain of linkages that are bas-
ic to the I/O system. For each Device Controller there is a four-
word entry in the Device Reference Table (DRT). Word two in the
four-word table entry contains a pointer to a data area uniquely
associated with that table entry. The data area consists of an
Interrupt Linkage Table (ILT), one or more Device Information
Tables (DIT) (depending on how many units the Device Controller
is driving), and an I/0 program area. Along with various other
information, the Driver Linkage Table (DLT) contains Code Segment
Table (CST) and Segement Transfer Table (STT) values for defining
the location of the driver routines associated with that partic—
ular Device Controller. The DIT contains information relevant to
one physical I/O device and is configured differently for each
type of device. In each case, however, the third word of this
table points to an entry in the I1/0 Queue (10Q) when a request is
being made.

The IOQ is a single table (only one per system) containing a
fixed number of entries having a fixed number of words per entry.
If there are no I/0 requests pending in the system, none of the
DIT entries will be pointing to the IOQ. In this case, all
entries of the IOQ are unused, and the second word of each entry
points to the first word of the next entry. Thus, all unused
entries are linked together. If that file system makes a request
to wuse Unit 1 of the Device Controller, the I/O system will
unlink the first free entry in the IOQ and fill it with informa-
tion pertaining to the request (including buffer address and
logical device number). Assume that the next request is for Unit
2 (uses the next available entry), followed by a second request
for Unit 1. This second request for Unit 1 causes the first word
of the initial request to point to the next unused entry, which
is then filled with information pertaining to the second request.



I/0 System

Therefore, eventually the IOQ will contain a gqueue of requests
for Unit 1, a separate queue for Unit2, and so on, plus a linked
list of free entries.

Next, an I/O driver is executed to initiate the request. An I/0
program will then be run on a device, using the request para-~
meters given in the IOQ. When the request is fulfilled, the I0Q
entry is returned to the free list. The IOQ only establishes the
priority of requests for each device on a first-in, first-out
basis. Questions of priority in executing I/0 drivers are
resolved by the Dispatcher. Once several Device Controllers are
running I/0 programs, priority conflicts are resolved by hardware
service priority.

PROCESS
Stack
Memory
¢ Management
h
! Disc
2
. FILE
Ce SYSTEM o
eques SYSTEM
Block Block
Record 0
Record 1
Record 2
efc.
BUFFERO BUFFER1
SOFTWARE HARDWARE
147014-04

Figure 7-2. File System Basic Operation
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Figure 7-3. I/O System Fundamental Elements

The DRT consists of a number of four-word entries corresponding
to the number of Device Controllers present in the system. The
DRT is located in fixed memory locations beginning at octal ad-
dress 40. The upper 1limit for the table is location 777 which
limits the maximum number of four-word enties to 120 (decimal).
Because each DRT entry is always four words in length, it is con-
venient for the hardware to map device numbers to DRT addresses
simply by multiplying by four. Thus the entry for device number
10 begins at octal location 40 [i.e., %(10 x 4) = %40]. Because
the DRT begins at location %40, device number 10 is the lowest
device number.
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NOTE

The device number associated with a part-
icular DRT entry defines a Device Control-
ler, and not necessarily an actual physi-
cal device. Also, some controllers identi-
fied by one device number are capable of
driving several physical devices. Indi-
vidual identification of physical devices
is mae by logical device numbers. The
logical device number is the value used by
the file system in requesting I/0, and the
1/0 system software performs the logical-
to-physical device number translation.

7-4. GENERAL i/0 OPERATION

A general overview of the I/O System's operations for I/O trans-
fers is illustrated in figure 7-4. To provide a complete sequence
of operations, it is assumed that the file request results in a
need for physical I/0 to be performed, which may not always be
the results. The sequence of operations is as follows:

a. An executing user process generates a file request to
the file system.

b. The file system then tests the validity of the request and
calls the Attach I/0O (ATTACHIO) intrinsic. This is the entry
point to the I/O system.

c. The Attach I/O intrinsic inserts the request parameters into
the I0Q for the requested device.

d. When all prior requests for a particular device have been
completed, the I/0 monitor process begins execution of the
request.

e. The I/O monitor verifies that the data buffer for the file is
available and present in memory. Then, it issues a procedure
call (PCAL) to the initiator section of the device software
driver which processes the IOQ pointed to by the DIT.

f. The channel program is assembled by the initiator section
(using the information in IOQ) of the device driver, and then
issues a Start I/O Program (SIOP) instruction to the General
I/0 Channel (GIC) and exits back to the I/O monitor. The SIOP
instruction initializes the DRT to point to the starting
location of the channel program.
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ge

The channel program issues commands to the GIC, which enables
the device controller.

When the device controller receives a read or write command
from the channel program, it transfers a block of data to or
from the data buffer. The length of the block is specified by
the I/0 command.

Upon completion of the data transfers, the channel program
causes an interrupt to be generated. The channel program then
ends.

The interrupt routine checks for an error and calls the
driver again if there was. If no error occurred, it calls the
monitor.

When the I/O monitor program is executed again, it recognizes
that an interrupt has occurred and calls the completion sec-
tion of the device software driver.

The completion section updates the I/0 queue with information
regarding results of the original request. The file system
may then check results.

When the user process is dispatched again, a return is made
to a point following the file request, depending on whether
blocked or unblocked I/0 was specified.
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7-5. 1/0 RELATED MEMORY STRUCTURE

Each device has a four word Device Reference Table (DRT) entry in
memory. A DRT entry contains information for interrupt and chan-
nel program processing.

7-6. Word 0 of the DRT Entry

This is the 16 bit absolute memory address of the next channel
program instruction to be executed. Since this is only a 16 bit
address, all channel programs must reside in the lowest 64KB of
main memory. This address is loaded by the channel microcode.
When the program halts, the address will be pointing to the next
instruction to be executed when the program is started again.

7-7. Word 1 of the DRT Entry

This is the 16 bit absolute address of the start of Channel Pro-
gram Variable Area (CPVA) and Interrupt Handler data area. All
CPVA's must reside in the lowest 64KB of main memory. The organ-
ization of the area beginning at this address is:

Words 0-3: These words will contain information describing rea-
sons for external interrupts for this device.

Word 4: The number of serial poll devices. This can be non-zero
only in the CPVA of device 0 of the channel, and its value is the
length of the serial poll table, which follows in the next con-
secutive words.

7-8. Word 2 of the DRT Entry

This the label for the software external interrupt driver for the
device.

79. Word 3 of the DRT Entry

After the device's channel program is started, this word should
interpreter to store status relevant to channel program
execution. .

7-10. SOFTWARE 1/0

Even though I/O tasks are normally handled with channel programs,
software is still responsible for managing the I/0O activity. A

limited number of software 1/0 instructions are provided for this
purpose and to allow software to control interrupts, and start or

7-10
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halt channel programs, determine which channel addresses are
occupied, and initialize or reset the I/O hardware. 1In addition,
there may be unsual circumstances which require direct communi-
cations between software and a channel or device.

Some of the I/O instructions are global in nature, since they
affect and interact with all I/O channels simultaneously. Other
instructions are addressed to a specific channel. There are no

software I/O instructions which are intended exclusively for
direct transactions with a device.

7-11. 1/O INSTRUCTION SET

The I/0 instructions provide the following capabilities:

a. Control of all channel registers, including HP-IB functions.
b. Start/Halt control of channel programs.

c. Identification of channels on the IMB.

d. Control of the I/0 interrupt system.

e. Initialization and reset of I/0 channels.

There are two categories of instructions in the set, global and
addressed. Global instructions involve data transfers to all
channels simultaneously whereas addressed instructions involve
data transfers between the CPU and a single addressed I/0
channel.

7-12. ADDRESSED 1/0 INSRUCTIONS

These instructions involve data transfers between the CPU and a
single selected I/0 channel, and provides software with full con-
trol of channels and devices. The CPU condition codes will be
set as follows (Condition Codes are physically a part of the CPU

status register):

CCL: Data-Not-Valid line set by the channel during operation
(reference to empty or illegal registers).

CCE: Instruction completed successfully.

CCG: Some channel programs for the channel are active, operation
not done.
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7-13. Initialize Channel (INIT)

This instruction prepares a channel for use by initializing the
channel hardware and memory locations dedicated to that channel.
Basically the instruction:

a. Issues the IMB Initialize Channel command to the selected
channel, which terminates all channel operations and presets
all registers. A GIC is forced offline from the HP-IB.

b. Clears the bit in memory location 7 associated with the
selected channel.

c. Clears the fourth word of each DRT entry for the channel,
sO no trace of previous channel program activity remains.

d. Writes 0010 to channel register 6, waits 100 microseconds
then writes 0000 to register 6, to generate an Interface
Clear (IFC) message to the HP-IB to insure that the HP-IB is
cleared and that the GIC is Controller-In=Charge of the HP-IB
(The System Controller switch S3 on the GIC must be set to
the in position).

e. Writes 0010 to channel register 7 to connect the channel
to its I/0 bus (puts the GIC online on the HP-IB).

f. Writes FFFF to register 2 to clear any interrupt conditions
created in the process of getting online.

7-14. Start 1/0 Program (SIOP)

The TOS contains the 16 bit address of the first channel instruc-

tion of the channel program. TOS-1 contains the channel and de-

vice numbers. This instruction does the following:

a. Loads the TOS into DRT entry word 0 for the selected device.

b. Set bits 0,1 of DRT entry word 3 to 1,1.

C. Sets a bit on the channel to cause the channel to begin
requesting channel program service for the device.

d. Pops two words from the stack.

NOTE: This instruction does not begin execution of the channel
program immediately, but merely causes the channel to start re-
questing service. If the channel program for the device is not
inactive, then the instruction is not executed, and the CPU indi-
cators are set to CCG.
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7-15. Halt 1/0 Program (HIOP)

The TOS stack contains a channel and device number. This
instruction does the following:

2. Sets bits 0,1 of word 3 of the DRT entry for the selected
device to 0,1.

b. Sets a bit on the channel (via the Halt 1I/0 Program IMB
command) to cause the channel to request a channel program
halt on behalf of the selected device. When the program has
been completely halted, bits 0 and 1 of DRT entry word 3 will
be set to 0,0.

c. Pops the stack.

With its channel program halted, a device may not request any new
system interrupts, but any interrupts pending at the time the
program halts will be serviced.

NOTE: The program might not halt immediately, as there are places
in the channel program where it is not advisable (during DMA
transfers, for example). In general, a halt will not complete
until a Wait instruction is encountered, or the program halts
itself.

7-16. Read 1/0 Channel (RIOC}

This instruction performs one IMB read command, which is speci-
fied completely in the TOS. Either global or addressed commands
may be done. The programer specifies the channel number, device
number, I/O command, and register number. The data returned by
the operation is saved on the TOS after the command specification
are popped.

The primary purpose of this instruction is to allow software to
read registers on the I/0 channels. The ability to perform any
single IMB command is intended to be a diagnostic tool.

7-17. Write 1/O Channei (WIOC)

This instruction performs one IMB write command, which is com-
pletely specified in the top of stack. Either global or
addressed commands may be done. The programmer specifies the
channel and device numbers, I/0 command, and register number (for
the Write Data command), and the data to be sent. The entire
specification is popped on successful completion of the command.
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The primary purpose of this instruction is to allow software to
write to channel registers. The ability to perform any single
IMB command is intended to be a diagnostic tool.

7-18. CHANNEL PROGRAM CHARACTERISTICS

Each channel on the IMB may support up to eight devices (numbered
0 through 7), and each of these devices will have a unigque dedi-
cated channel program controlling its I/O operations. These pro-
grams reside in the system's virtual memory, but consist of spec-
ialized channel instructions which are completely unrelated to
the machine instructions of the main CPU. All eight programs for
a given channel may be simultaneously "running", even though act-
ual execution at any time is dedicated to only one of those pro-
grams. When service to an HP-IB device is suspended, execution
transfers to another program based on device demand and priority.
This priority is established during a parallel poll response from
a device which is requesting service, at that time, execution
will begin (resume) on the lowest numbered device requesting ser-
vice. Thus, device 0 has the highest priority on any channel.

7-19. CHANNEL PROGRAM INTERPRETATION

Interaction of the main CPU software with a device running under
channel program control is limited to alteration of the program
and starting/halting the program execution through the SIOP and
HIOP machine instructions. That is, the main software does not
interpret or execute the channel instructions, and the conse-
quences of a channel program must generally be brought to the
attention of software by an interrupt from the channel program.

7-20. CHANNEL PROGRAM MANAGEMENT

Each of the eight programs on a channel has a four-word Device
Reference Table (DRT) entry in main memory. This table entry is
initialized by the main software prior to starting the desired
channel program. Since several programs may exist for a device,
software is responsible for setting the DRT entries and selecting
a program for the I/O task at hand.

Channel program execution is enabled with the SIOP machine ins-
truction. When the channel program interpreter (CPU microcode)
detects the request to start, it will set bits 0, 1 of word 3 of
the DRT entry to 1,0 and begins program execution. The program
then runs until halted by the program itself, by an abort con-
dition or by an HIOP machine instruction. The HIOP instruction
sets bits 0, 1 of word 3 to 0,1 and sets a bit in the channel to
cause the device to request service for the change in program
status. The CPU will service the request by terminating the
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channel program for the device and clearing bits 0,1 in word 3.
An HIOP does not halt the program immediately, but sets a request
to halt the program. The channel program will complete the cur-
rent instruction and possibly execute a few more, but it is guar-
anteed to halt by the next WAIT instruction. There could also be
a delay if the program which is issued HIOP is of lower priority
than other devices requesting service on the channel. Software
cannot assume a program is no longer being serviced until bits 0,
1 in DRT entry word 3 are both 0. If a program halts or aborts
itself, then it will clear the DRT bits immediately. Thus, bit 0
of word 3 gives the requested running status, where as bit 1 ind-
icates that a change is running status is pending.

Word 0 of the DRT entry is the channel program pointer and indi-
cates the address in main memory of the next channel instruction
to be executed. The pointer is updated by the program inter-
preter at certain times during channel program execution. Soft-
ware should attempt to alter the pointer only after the program
has actually been halted as indicated by the DRT bits mentioned
above. Otherwise, if an instruction is in execution when soft-
ware alters the pointer, the program interpreter would destroy
the new information upon completion of the execution. This re-
striction does not preclude the alteration of instructions within
a running channel program, although this technique should be used
with caution.

7-21. CHANNEL INSTRUCTION SET

The HP-3000/44 channel instructions fall into three categories:
Channel Functional, Interactive, and Non-Interactive. The Chan-
nel Functional group permits the program to exercise the most
basic functions of the 1I/0 channel and the HP-IB. All data
transfers and control functions may be effected with these in-
structions, providing the programmer has some knowledge of the
HP-IB protocol and the channel hardware. HP-IB interface com-
mands may be sent with the Command HP-IB instruction, and data
transfers may be controlled with Execute DMA.

The Non-Interactive instructions enhance the utility of the chan-
nel program concept by providing linkage between various segments
of the program and allowing orderly communication with software.
These instructions produce no interaction with the device and
thus may be used with any device irrespective of its protocol.

The Interactive instructions may be viewed as macroinstructions
for use with devices that obey the HP-3000/44 protocol. That is,
transactions that may be accomplished with several instructions
from the Channel Functional group are combined into a fixed se-
quence under a single Interactive instruction. These sequences
assume that the device recognizes not only an HP-IB primary ad-
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dress, but also a secondary address which contains a directive or
command modifier.

All Interactive instructions send a secondary address message to
the device immediately following the address to talk or listen.
These secondary addresses direct the device to interpret the sub-
sequent data in a particular manner. The HP-~IB standard defines
the secondary address format as X11SSSSS where X is a don't care
bit and SSSSS refers to the application~-dependent bits of the
message. HP-3000/44 protocol uses the left-most S bit to dis-
tinguish the operation as either Data or Control. In this con-
text, a control operation is one which indicates or affects the
status of the device or its channel program.

0110SSSS = Data Secondary
01118Sss = Control Secondary

The various channel instructions which fall into the Control
category all have their values of SSSS predefined. Two of the
control secondaries may be identical, but the operations are
nonetheless distinguishable since the device will be addressed to
talk in one case and addressed to listen in the other. The Read
and Write instructions produce Data operations, and the pro-
grammer is free to specify the remaining four bits of the
secondary.

CHANNEL INSTRUCTION SET CATEGORIES

INSTRUCTION TYPE

Relative Jump Non-Interactive

Interrupt -

Wait "

Read Interactive

Write "

Device Specified Jump "

Identify "

Read Control "

Write Control "

Clear "

Read Modify Write Channel Functional
L]

Read Register

Write Register

Command HP-IB

Execute DMA

Write Relative Immediate
CRC initialize

CRC Compare

2 333 3 3
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CHANNEL PROGRAM INSTRUCTIONS

Hex Code Instruction No. of Words Comments
0000 Relative Jump 2
01xXX Interrupt 2 018X-with halt
010X-with run
020X Wait 2
03%XX Read 5 If data
chained, 00X0,
where X=
04X0 Write 5 Blocks left
05X DSJ 2+XX
0600 Identify A 2
07XX Read Control 5
[15:3.9 4 Write Control 5
09xX Clear 2
0A0X Read Modify Write 2
0BOX Read Register 2
0CO0X Write Register 2
0DO0X Command HP-IB 5
0EOQ0 Execute DMA 5
OFXX Write Relative Immediate 2
10XX CRC Initialize 2
11XX CRC Compare 2

7-22. 1/0 REQUESTS AND INTERRUPTS

The HP-3000/44 I/0 interrupt system provides a hierarchical
framework for devices and channels to request machine program
interrupts and channel program service. This section defines
device/channel interaction only for the HP-IB oriented channels
(e.g., the GIC) although other types of interface protocols will
be permitted between channel and device. All channels must fol-
low the same IMB protocol for requesting service.

HP 3000 applicable devices make service requests to the channel
by the parallel poll interface function. The channel determines
when a device receives service or if some condition on the chan~
nel requires service, sorts out reasons and priorities for re-
questing, and requests service on the IMB on behalf of itself or
its devices. I/0 requests for external interrupts are made to
the CPU via the IRQ line, and channel program service requests
are made to the CPU over the CSRQ line. The CPU obtains informa-
tion from the highest priority requesting channel, then executes
an appropiate service algorithm.
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7-23. Request Facilities

Priority
SRQ Device Request for Service Low
Shared line |
Serial Poll Required

Parallel Poll Device Request for Service
Poll Done When Channel Not Busy
Parallel Requests

CSRQ Channel Request For CPU Service
Transparent To Software, Non-Maskable

IRQ Channel Request For Interrupt
New Environment For Software v
Maskable At Channel Or System Level High

7-24. SRQ. SRQ is a unique line on the HP-IB. Devices should
not wuse this facility on an HP-3000/44 system, since it is much
slower than parallel poll.

The channel will assert CSRQ on behalf of an SRQ assertion only
if there is no other reason for the channel to assert CSRQ, and a
Parallel Poll is being conducted. SRQ is the lowest priority
reason for requesting service.

In order to determine which device was asserting SRQ, a serial
poll must be conducted on the HP-IB. This done by the CPU during
servicing of a CSRQ caused by an SRQ. The number of serial poll
devices on a channel is in word 4 of that CPVA, and the HP-IB
device addresses to be polled are found one per word in the next
several words. The byte returned by the device is examined to
determine if the device requires service. The poll is continued
through the table until either the SRQ line goes false, the table
is exhausted, or a device is found whose channel program needs
service.

7-25. Parallel Poll. When no other operations are being per-
formed on HP-IB, the channel puts the bus into the parallel poll
state (asserting ATN and EOI simultaneously). All devices must
assert a logical one for an affirmative response. Although the
HP-IB protocol allows any device to be assigned to any DIO line
for polling, the DIO poll assignment determines which device will
be serviced. A device asserting PPR8 (requesting on DIO8) has the
highest priority and is considered to have device number 0. When
the GIC detects an affirmative poll response and no actions of
higher priority are occurring on the GIC, CSRQ will be asserted.
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7-26. CSRQ. CSRQ is an OR-tieable line on the IMB which chan-
nels assert to reguest channel service program service for their
devices. A channel may be assigned by a switch on the PCA to one
of these lines.

Priorities may vary from channel to channel between reasons for
asserting CSRQ, but for the GIC, the following conditions will
cause the channel to assert CSRQ:

a. Termination of a DMA transfer

b. An interrupt condition in the HP-IB interface logic
c. A request to start or halt a device's channel program
d. An affirmative parallel poll response on the HP-IB

Software cannot prevent CSRQ from being recognized and serviced
by the CPU, although some contreol is provided for selecting the
reason a channel may assert CSRQ. Conditions a, b, and ¢ are not
requests from devices, but are generated by the GIC on behalf of
a device.

CSRQ generates a macrointerrupt in the CPU. This class of inter-
rupt causes a microccde trap when an attempt is made to do an
instruction fetch. It is disabled during a power fail interrupt.
CSRQ will interrupt normal machine operation independent of the
state of the external interrupt system (IRQ).

CSRQ may not be the only reason the CPU was interrupted. Some
testing is done to determine if CSRQ is the highest priority
interrupt at the time (there are also IRQ, parity errors, and
power fail interrupts). If a channel program for a device is
halted when a request occurs for it, then the channel will 1loock
for the request from other devices. Servicing of CSRQ is trans-
parent to the software environment.

7-27. IRQ. IRQ is an OR-tieable line on the IMB, which is con=-
nected to the CPU and all I/O channels. It is asserted to gener-
ate a CPU external interrupt requests. Each channel has an inter-
rupt register which contains one bit per device, and an interrupt
mask bit, which is set and cleared by the SMSK machine instruc-
tion. If any bit is set in the interrupt register and the inter-
rupt mask bit is set, then the channel will assert IRQ. When a
bit is to be set in the interrupt register, information relating
to the reason for the interrupt should be stored into the first
four words of the CPVA for the device. The interrupt register
bits may be set for the following reasons:

a. Occurrence of a memory error during a DMA transfer on the
channel.

b. Execution of an Interrupt channel program instruction.
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c. Direct setting of bits in the interrupt register by software
or channel programs.

d. Anytime the channel program for the device is aborted.

The interrupt register on the GIC is set only by the CPU. De-
vices and channels conditions requiring service will first have
the channel assert CSRQ on their behalf. The CSRQ microcode
service routines will decide whether a software interrupt is
required, and will store information into the CPVA and set inter-
rupts bits on the channel. The GIC cannot decide itself when to
assert IRQ. Clearing of the interrupt mask bit will prevent the
channel from asserting IRQ, even if bits are set in the interrupt
register.

For IRQ to interrupt the CPU status bit number one must be set
(by the ION instruction). Then IRQ will cause the CPU microcode
to enter an interrupt service routine when the current machine
instruction is complete.

The IRQ service routine in microcode does the following:

a. Polls each channel on the IMB to get a poll of all channels
asserting IRQ.

b. Issues an OBII command to the lowest channel number
responding affirmatively to IPOLL, which tells the CPU the
lowest device number on that channel whose interrupt bit is
set (the channel priority-encodes device requests, the CPU
priority encodes channel requests).

C. Clears the interrupt bit on the channel for the device which
obtains service.

d. Creates a normal four-word stack marker and establishes the
interrupt environment.

e. Disables further external interrupts.

f. The third word of the device's DRT entry is used as a label
to branch software to the interrupt handler for that device.

It is software's responsibility to prevent lower priority chan~
nels from interrupting higher priority channels by using the SMSK
instruction to mask off IRQ from higher numbered channels than
the one being serviced.

7-28. PRIORITY
Within the I/0 system, there are request structures with prior-

ities established between board position, channel numbers, device
numbers and reason for service.
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7-29. IMB Request Priority

Each I/O board which can act as master of the bus must request
bus access on a priority basis. The highest priority channel has
slot priority next to the CPU, with lower priority at each posi-
tion further from the CPU. The CPU has lowest priority, and is
responsible for controlling IMB access. Different I/0 boards may
request control of the IMB for different reasons and one may re-
tain control by continuing to request after having been granted
access.

7-30. Channel Priority

Any combination of channels may be asserting IRQ, or CSRQ at one
time. When the channels are polled, the lowest channel number
has the highest request priority on each request line.

7-31. Device Priority

Within the highest priority requesting channel device priorities
are:

IRQ: If several device interrupt bits are set the lowest numbered
device will be serviced first.

CSRQ-parallel poll: If CSRQ is due to an affirmative poll res-
ponse or a change in channel program status, then the device on
the highest DIO line (lowest device number) has the highest pri-
ority.

7-32. GENERAL 1/0 CHANNEL INTRODUCTION

The following paragraphs provides a block diagram description of
the General I/0 Channel (GIC). The system block diagram illus-
trates the major function of the GIC. Physical characteristics
and system configuration are also included.

7-33. GIC BLOCK DIAGRAM OVERVIEW

The General I/O Channel (GIC) is the primary channel for communi-
cation between the CPU and I/0 devices. Each GIC may have up to
eight devices. All data that passes to and from devices (except
terminals) is handled by the GIC in one of two methods.
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The first method is used when the CPU interrogates or requests
service from a channel or a device on that channel. In this mode,
the GIC acts as a slave and cannot gain access to the IMB until
the CPU tells the channel to respond and allows access to the
IMB. Operations in this category include 1) the CPU directs a
channel to request service, 2) the CPU requests status, and 3)
the CPU addresses a channel/device to talk or listen.

The second mode is used for high speed transfer of data between
memory and a device. For this mode, the GIC has a direct memory
access (DMA) capability which allows direct memory reading and
writing. After initial addressing of a device to talk or listen,
the CPU relinquishes control of the IMB and allows the GIC to
perform its function through DMA operation. During this time the
GIC becomes the master of the bus and memory and controls traffic
flow. Upon completion of a DMA transfer, the GIC returns to a
slave conditon and awaits the next operation. In other words, all
commands decoded from the current channel program instruction,
including HP-IB commands, are sent to the GIC from the CPU and
all data to be transfered over one byte is read from or written
to memory directly by the GIC using its DMA hardware.

Since more than one channel is connected to the common IMB, and
more than one device may be on a channel, a priority structure
is used to maintain orderly communications.

The GIC contains the circuitry to accomplish its prescribed
tasks. Part of the logic is used for DMA, including some of the
channel registers. Another section is set aside for conditioning
the HP-IB and providing for data transfer, and finally, logic
is included for operation in either slave or master modes.
(See figure 7~5.)

In either the slave or master mode, the GIC must condition the
I/0 devices and correctly select a device for operation, and
then proceed with data transfers. The HP-IB logic contains
most of the circuitry required for this purpose.

MASTER
HANDSHAKE
LOGIC

He
Logic

HPA8

CHAMNEL
REGISTERS

147023.08

Figure 7-5. General I/0 Channel, Simplified Block Diagram
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Refer to the system block diagram for the subsequent discussions
of each function contained on the GIC.

7-34. C d Decoding and E ion Logic (CDEL)

When initiated by the Slave, this logic controls the sequencing
of IMB command execution on the GIC., It must perform several
types of sequences for reading and writing the registers and re-
sponding to the global IMB commands.

When the OBSI IMB command is issued to obtain channel service
information, the CDEL decides from examination of the CSRQ logic
whether there might be a Parallel Poll response on the HP-IB. If
so, then the Parallel Poll result is read from the Processor-to-
HP-IB Interface (PHI), encoded and checked by the CDEL and CSRQ
logic before completing the OBSI. If not, then the CDEL accesses
other information for the returned data.

For reads, CDEL enables the Global Response Logic, which decides
whether the channel should assert true in response. If so, it
pulls low on the IMB data line corresponding to the channel num=-
ber in the Channel Select Switch. For writes, CDEL generates a
write pulse.

7-35. Data-Not-Valid Logic (DNV)

This logic is designed to prevent invalid data reads if the in-
bound FIFO buffer in the PHI is empty when an access of it is
attempted. It operates with the Command Decoding and Execution
logic. It requires that bit 14 of register 6 be zero except dur-
ing DMA transfers. Then if a read of register 0 is attempted and
the GIC is not performing a parallel poll and the inbound FIFO is
empty, the command will be performed by:

a. Preventing any handshake with the PHI,

b. Immediately flagging the slave handshake to complete, and

Cc. Asserting the DNV IMB line during the Slave handshake.

This sequence also occurs if DMA is active and the PHI registers
are referenced.

7-36. Master Handshake

This logic executes data transfers between buffers on the GIC and
main memory at the request of the DMA logic. When the DMA logic

requests a memory read or write cycle, the Master Handshake logic
requests control of the IMB, then performs the required IMB mem-
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ory handshake. When it completes, the Master notifies DMA by as-
serting a single completion bit, which is cleared only after DMA
removes its request lines. The memory address accessed is con-
tained in the DMA Address and DMA Extended Address registers. The
data from a memory read is stored in the Left Byte Out and Right
Byte Out registers. Data for a memory write is obtained from the
Left Byte In and Right Byte In registers. The Master Handshake
coordinates with the Slave Handshake to avoid conflicts, and as-
sures selection of the proper registers and data set-up times
during the memory access.

The Master Handshake logic also detects errors which occur during
the memory cycle. If a parity error occurs during a memory cycle
performed by the GIC, a status bit is set in register B and DMA
is aborted. If any memory handshake takes over about 20 micro-
seconds once started, then another status bit is set and DMA and
the memory cycle are aborted. If the DMA Address register rolls
over (--FFFF to --0000) then no more memory accesses can begin,
another status bit is set, and DMA aborts.

7-37. Stave Handshake

The Slave handshake logic performs detection and handshaking of
IMB commands which are addressed to the GIC. It is a three-wire
class IMB 1/0 slave. It will signal the Command Decoding and
Execution Logic to start when it detects a command addressed to
it, at which time it compares the channel number specified on the
address lines of the IMB with the channel number set by the
switch on the GIC. Global IMB commands do not require a channel
number, so if one is present, the Slave will trigger the Command
Decoding and Execution Logic, but will not participate in an IMB
handshake.

The Slave also latches the IMB address lines at the start of a
handshake. When the command has been executed, the execution
logic signals the Slave to complete the IMB handshake. The Slave
is also coordinated with the Master Handshake to prevent con-
flicts between the two, since they are asynchronous. If the IMB
handshake should terminate during Slave operation, the Slave will
return to a passive state and will become ready for the next IMB
command.

7-38. Processor-to-HP—~IB Interface

The processor-to-HP-IB' interface (PHI) chip provides a high-speed
interface between the HP-IB and the GIC. The PHI chip appears to
the GIC as a bank of eight addressable registers. All interaction
with the HP-IB is performed by reading and writing these reg-
isters. The capabilities provided by these registers allow the
computer to connect to the HP-IB as a device responding to inter-
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face commands from remote devices, or as the controller of the
HP-IB. In addition, the PHI chip provides buffering for inbound
and outbound data through two FIFOs which are accessed by the
computer.

The pins provided by the PHI chip for interfacing include:
® A 10-bit wide data bus

® Three register-select 1lines for selecting among the eight
registers

® A data direction line to specify either reading or writing to
the selected register

& Two handshake lines to coordinate data transfer

* An interrrupt line to alert the computer, through the GIC, of
selected events

® A DMA request line for use with the DMA machine

7-39. Direct Memory Access (DMA] State Machine

General Description.

This is a 27-state synchronous Algorithmic State Machine which is
part of a facility to manage data transfers, with byte packing
and unpacking, between the HP-IB and memory on the IMB, after the
transfer has been initiated by a sequence of IMB commands to the
GIC.

Basic Operation

a. Idle State: In this mode, DMA allows direct access to the PHI
and affects nothing on the GIC. It is waiting to be
activated.

b. DMA Active: DMA is activated when it is idle and a write is
done to register B. At that time, DMA blocks all access to
the PHI by the slave, selects register 0 of the GIC (PHI data
buffers), and has exclusive use of the PHI until it goes in-
active again. Slave Handshakes to the PHI will activate the
Data-Not-Valid logic. Other channel registers are still ac-
cessible, however. As long as DMA is active, Channel Service
Requests cannot be generated until DMA generates it at its
termination. However, Interrupt requesting and servicing may
proceed.
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DMA Control Registers: Registers 8,9,A,B, and E are associ-
ated with DMA. They specify the memory address of the data
buffer, the number of bytes to be transferred, and DMA con-
trol options. Any write to register E will abort DMA.

First/Last Byte: Transfers may begin and end on the left or
right byte of a word, but DMA does only full-word operations
with memory. To insure that the unaddressed byte in a word
containing the first or last byte of an input transfer is not
lost, DMA reads that whole word and preserves the unaddressed
byte in the Byte In buffers before writing back into that
memory address.

Input Transfer: The DMA machine waits for the PHI to indicate
that it has a byte available in its inbound first-in,first-
out (FIFO). If the byte is for the left byte of a memory
word, the byte is handshaked from the PHI and is latched in
the Left Byte In register. If the byte is for the right byte
of a memory word, the byte is handshaked from the PHI and a
memory write is requested. The PHI data is passed through
the Right Byte In register and both Byte In registers are
switched out together as data for the memory write. At the
end of the memory cycle, the memory address is incremented
and DMA waits for the next PHI request. The remaining byte
count is decremented before each byte is received.

Output Transfer: The DMA machine requests a memory read
cycle, which puts data into the Byte Out registers. Then DMA
waits for the PHI to indicate there is room available in its
outbound data FIFO. Then the Left Byte Out register is hand-
shaked to the PHI. Then DMA waits for the PHI to indicate
more room available in its outbound FIFO, when the Right Byte
Out register is handshaked to the PHI and the memory address
is incremented and the next memory read is started. The byte
count register is decremented before each byte is sent, The
last byte out may be tagged with the HP-IB "END" message, or
not, depending on an option bit in register B.

Termination: A DMA transfer may terminate for several normal
or abnormal reasons. It will terminate only after completion
of the current byte transaction. However, the byte count and
address registers might be incorrect by one byte if an abort
occurs before the last byte is transferred. On input, since
byte packing is done on the GIC, an abort could cause not
writing the left and right bytes to memory.

Service Request: When the DMA transfer terminates, a CSRQ is
generated for the device number loaded into register B when
DMA was started. DMA will continue to assert CSRQ until
after the end of the next OBSI command to the GIC, since that
is the first indication DMA has that its CSRQ has been recog-
nized. DMA will continue to prevent access to the PHI until
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it reaches its idle state. After an output transfer, DMA can-
not generate CSRQ until the PHI Interrupt line 1is asserted,
so the PHI must be set up before the transfer to assert IN-
TERRUPT on outbound FIFO empty.

7-40. Left and Right Byte Out Registers (LBOR, RBOR)

These are tri-state single byte registers. They are loaded from
the buffered IMB data lines. The Left Byte Out register is loaded
from bits 0-7 of the data, and the Right Out register is loaded
from bits 8-15 of the data. During Slave writes, the RBOR is en-
abled onto the PHI data lines 8-15 and bits 0,1 of PHI data are
taken from bits 0,1 of the buffered IMB data. LBOR is not used by
the Slave. LBOR and RBOR are both loaded during a Master memory
read. Then the DMA machine switches one or the other onto the PHI
data lines during ocutput ssguences. DMA controls its 0,1
separately.

7-41. Left and Right Byte in Registers (LBIR, RBIR)

These are single byte registers. Each is loaded from the PHI data
lines. LBIR is a edge-clocked register and is used only by DMA
for byte packing. Its data is switched onto IMB data bits 0-7
during Master writes to memory. The RBIR is a latched register.
During most slave and DMA operations, data passes directly
through it. It is used to latch data only during an OBSI when
parallel poll response is being checked or during DMA input ter-
mination when the right byte of the last memory address must be
saved before rewriting with the left byte obtained from the PHI.
During Slave reads, PHI data bits 0,1 drive IMB data bits 0,1 and
bits 2-7 are forced to 0, while the RBIR drives bits 8-15 for
both Slave and Master operations. During DMA inputs, PHI bits 0,1
are examined by DMA but are not written to memory.

7-42. CSRQ Logic

This logic is responsible for generating Channel Service Requests
and selecting what information is to be returned when the next
OBSI IMB command occurs. Inputs to this logic are:

a. DMA activity.

b. PHI INTERRUPT, CONTROLLER-IN-CHARGE, DMA REQUEST lines.

c. Contents of the New Status Register (NSR).
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d. HP-IB lines ATN, EOI, SRQ as seen by the PHI.
e. Flags to indicate occurrence of OBSI.

£. Bits 8, 13-15 in register B. Bits 13-15 contain the device
number last written to these bits, and are jointly referred
to as "DMDEV" in the flowchart.

The New Status register has one bit for every device number
(0-7), which is set whenever a channel program for the respective
device is issued SIOP or HIOP. The PHI Interrupt line is latched
during OBSI, and parallel poll responses are latched after they
are obtained from the PHI to prevent logic races in the cir-
cuitry.

7-43. Interrupt Request Logic

The Interrupt register is an addressible channel register (C)
which has one bit per device which is set to queue an interrupt
request for that device. When the Interrupt Mask Bit is set by an
SMSK command, then if any bit is set in the Interrupt register,
the IMB IRQ line is asserted to request a CPU external interrupt.
The output of the Interrupt restister is priority encoded and the
device number is sent back as data of the OBII IMB command. When
the mask bit is cleared by SMSK, no IRQ can be asserted. When an
interrupt request for a device has been recognized, its bit in
the Interrupt register will be cleared by another write to regis-
ter C. Device 0 has highest interrupt priority.

NOTE

Devices cannot cause IRQ; channel program
processors and diagnostic software are the
only means intended to be allowed to set
an interrupt request for a device. Devices
directly generate CSRQ only.

7-44. Timeout Logic

This logic is provided to insure against channel lock-ups waiting
for conditions which will never occur. The timeout logic consists
of a 15 Hz clock and a counter. When the channel is waiting for a
specified condition, the counter decrements. If the counter
reaches 0 before being reset to 15 by occurrence of the required
condition, then a timeout flag is set which will force a CSRQ and
set a bit in the GIC's OBSI response. Thus, the timeout interval
is about one second.
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7-45. GIC Registers

Sixteen registers in the GIC are used for initiating and control-
ling data transfers between memory and devices on the HP-IB.
Also, status conditions are indicated and acted upon according
type and priority. Some of the registers are used in conjunction
with the PHI chip and the HP-IB, and the others are used for DMA
operation. Eight registers are contained in the PHI chip while
the remaining eight are located on the GIC board. Table 7-1 lists
the registers and the following paragraphs provide a brief des-
cription of each register.

Table 7-1. GIC Registers

Register Function
Number

0 HP-IB FIFOs (Data Buffers)

1 HP-IB Status {Monitors Interface Operation)

2 HP-IB Interrupt Register

3 HP-IB Interrupt Mask

4 HP-IB Parallel Poll Mask

5 HP-IB Parallel Poll Normalize

6 HP-IB Control

7 HP-IB Address

8 DMA Extended Address

9 DMA Address

a DMA Byte Count

B DMA Control/DMA Status

c Interrupts

D Interrupt Information

E Channel Configuration/DMA Abort

F Channel Service Information




I/0 System

Table 7-2. GIC Register Formats

REGISTER o 1 2 3 4 5 8 7 8 9 10 1N 12 13 14 185

0 -WRITE END[ o

{Qutbound ] 1
FIFO)

1 1 § 0 |--- RECEIVE COUNT ~--

1 1 1 |-=-—- TRANSFER COUNT —-—-

0 - READ LTAG Io

{tnbound
FIFO) L] 0 —— Osta byte without END or end ar count.
1 0 -~ Data byte without END but it is end of a count.
1 1 —— Databyte with END.
X X —— Indeterminate when reading ParaHel Poll.
[D 1 L TO o |TLK] ~—SECONDARY -~ l
1 - WRITE [ |CLR
{Clear stat) FRZ

1 - READ b 1 l s o l Inm‘ Cic [5v5 sac
{PHI status) ° o ° ° CTL | HSH | HSH

2 - WRITE cm[ lcua cm[ Icm
{Clear int} R - T eaz

SRR Pl NN 4 s 3 A
(PH 1 ints,) UNT cHG| asT|RsP|Rse [N F 1L

3 - wRITE | mas« | [ ------- MASK ——— - —— |
Unt. mask}

a-reao [mask[o o0 o o o o e MASK —m - e |

4 - WRITE l g Imeo- ENABLE ———— - o‘uo‘l
(Poil mask) —

[}

4 - READ ! 1 1Io o o o0 o o !Dgo
(Polt mask)

5 - WRITE L [mo -—~ NOAMALIZE —-- DIO
(Poil sens) B ~~——— - BITS = ———— - 1

——- NORMALIZE -~~~ 010

5 - READ ll 1]0 °o o o o ul°'° N
{Paii sens) 8 oo BITS - o 1

6 - WAITE !o o |REN|TFC [ POL [5PQ [OMA
(HP 4B ctl} . reo|realom |o

oy O8 EIY DR I 5 301
(1P 48 aanl_ °o 00 o0 REQREQ,
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Table 7-2. GIC Register Formats (Continued)

REGISTER o 1 2 3 4 5 6 7.8 9 10 11 12 13 14 15
7 - WRITE IONLTLRILST __--up—m—---J
IHPJB:H')’ - Awvlawyl ----ADOR--- -

7 - READ | [ I s o o oJom[nstrI
(HP 48 adr) ! ! 0 ° AWYIAWY]

8 - WRITE lo 6 o o o o0 o

[DMA OMY-———— oMY
8 - READ NTO o 8 e ]

9 - WRITE

or READ

A - WRITE

or READ
B - WRITE Lo e o o0 o0 o0 o MﬂNo |RT,'NO DMA[ BIA osvacs:l
(DMA start) RQ| POL [BYT]enn|ouT jONO

MA] TN
ki ern Jove |t | © | status bsv] eo |avr [enojour |sw | O€V!CE
(DMA star) =
C - WRITE r . sET[DE\HCE: I
iSet intr} BIT
Pa— P [
C - READ Io o o 0o o o0 o0 o0 DEDV“‘-I-N-T-E:ERTU--T.S-__EsvI
lints. set}
NOT

0 - READ 6 0 0 0 0 0 0 0 |, CHANNEL = DEVICE =
(int. into) L

(Read only)

€-wmiTe |0 0 0 0 0o 0o 0 0 ©C 0 0 0 0 0 o o |
(Abort DMA}

AYB|CPU
E-negnBlmoc"oooooocooooool
{contigure)

F - WRITE |o © o0 0 0 o0 o |DMAJNO [RT.[NO [OMAIDIA [ [ o0n ]
(Chan. cth) srq | oL gyT|eno louTlgn

TIM |DMA|SRQ DEV|CHN{NOT

Fcena |_0 ° °I l CHANNEL = ! DEVICE = l
(CSRQ nfo) our |aBT |Req REQ|REQ|VAL
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7-46. Register 0 - HP-IB FIFO. Register 0 provides the means for
all byte transfers to and from the HP-IB, Each write into the
register by the computer causes a word to be placed into an
eight-byte long outbound FIFO (first in, first-out). A read from
this register obtains a byte from an eight-byte 1long inbound
FIFO, in which incoming bytes are stored upon receipt from the
HP-IB. The PHI regulates byte transfer through the handshake
cycle. Outbound FIFO entries are used to determine the nature of
these transfers. Each entry causes the required handshake(s) to
be performed to allow a single byte to be sent out of the out-
bound FIFO, or one or more bytes to be received into the inbound
FIFO. When the outbound FIFO is empty, the PHI automatically con-
ducts a continuous parallel poll on the HP-IB. During this condi-
tion, a read from Register 0 obtains the normalized and masked
values of the current parallel poll responses being received
through the Data Input/Qutput (DIO) lines of the HP-IB.

If the GIC is Controller-in-Charge, then the PHI will automatic-
ally conduct a continuous Parallel Poll on the HP-IB whenever its
outbound FIFO is empty. The poll terminates whenever the outbound
FIFO is not empty.

A PHI interrupt bit is available to signal an affirmative res-
ponse to this poll. More specifically, that bit will be set if
all of the following conditons are met:

a. The GIC is Controller~in-Charge of the HP-IB and is online,
b. A Parallel Poll is in progress,

c. The inbound FIFO is also empty, and

d. At least one of the devices on the HP-IB is responding
affirmatively to the poll.

The GIC's CSRQ logic reads the Parallel Poll response during the
IMB OBSI command if:

a. The PHI is online and the GIC is Controller-in-Charge,

b. The PHI Interrupt line is true,

c. DMA is inactive,

d. A Parallel Poll has been in progress for over 2 usec,

e. The PHI DMA REQUEST line is false (inbound FIFO empty), and

f. Bit 8 of register B is 0.
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7-47. Register 1 - PHI Status. This register contains the bits
which indicate the major states of the HP-IB interface. For ex-
ample, the status is indicated as to whether or not the PHI is
controller-in-charge of the HP-IB.

7-48. Register 2 - PHI Interrupts. This register indicates PHI
conditions = which can cause assertion of the PHI Interrupt line.
Types of interrupts are parity error, status change, handshake
abort, parallel poll, service request, state of the FIFOs, and
device clear.

7-49. Register 3 - PHI Interrupt Mask. Setting a 1 in a bit pos-
ition in this register will enable the corresponding bit in re-
gister 2 to be set when its condition occurs. A bit set to 0 will
prevent that condition f£rom setting the bit i register 2, but
will not prevent occurrence of the condition or FIFO freezes per-
formed when that condition occurs. For example, with bit 15=0,
and a Device Clear interface 1is received, both FIFO's would
freeze, but the PHI INTERRUPT line would not be asserted.

7-50. Register 4 - Parallel Poll/First Identify Byte. When the
GIC 1is Controller-in-Charge, the value of bits 8-15 are ANDed
with the normalized values of DIO8-DIO1l 1lines, respectively.
This is a mask for parallel poll responses. If the register is 0,
then no affirmative Parallel Poll responses can be recognized.

When the GIC is being used as an HP 3000/44 device on the HP-IB,
bits 8~15 of this register contain the first identify byte.

7-51. Register 5 = Parallel Poll Normalize/Second Identify Byte.
When the GIC is Controller~in-Charge, this register is used to
normalize Parallel Poll responses on the HP-IB, where bits 8-15
of the register correspond to DIO8-DIOl lines, respectively. Nor-
malized responses are ANDed with register 4 to mask out selected
responses, and the remaining l's are allowable device requests,
which will appear as l's when register 0 is read for Parallel
Poll responses.

If the GIC is not Controller-in-Charge, this register is used as
the second byte sent over the HP-IB, tagged with END, when the
GIC is Addressed to Identify.

7-52. Register 6 - HP-IB Control. This register provides some
control functions for the HP-IB interface. These control func-
tions include parity freeze enable when a parity error occurs,
keeps the Remote Enable (REN) and Interface Clear (IFC) lines
asserted when the GIC is Controllerin-Charge, responds to a par-
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allel poll of the HP-IB, requests service from the Controller-in-
Charge, and indicates to the DMA logic the direction of traffic.

7-63. Register 7 - HP-IB Address. This register is used to
specify the HP-IB device address of the GIC when it is not Con-
troller-in-Charge. 1If it is Controllerin-Charge, then it does
not respond to this address, but instead:

a. It is always addressed to Listen.
b. Its Talk address is 30.

7-54. Register 8 - DMA Extended Address/DMA Status. Register 8 is
used to specify the extended memory address bits of the data buf-
fer for the current DMA transfer (extends addressing range from
16 bits to 24 bits).

7-55. Register 9 - DMA Memory Address. Before a DMA transfer be-
gins, this register must be loaded with the memory word address
of the first data byte to be transferred (byte position is speci-
fied in register B). This register will be incremented once for
every two data bytes transferred during DMA. When DMA terminates,
the value read will be the memory address containing the next
byte after the last byte transferred. This register may be read
during DMA transfers.

7-56. Register A(10) - DMA Byte Count. Before a DMA transfer
begins, this register must be loaded with the total number of
bytes to be transferred in the current DMA operation (zero means
64 kbytes, but during channel programming, zerc is not allowed).
This register is decremented before each byte is transferred by
DMA. For an input transfer, if counted Receive Data Requests are
loaded into the outbound FIFO of the PHI, then be sure that the
value of this register is set equal to the sum of the number of
bytes specified in all such requests. This is important, since
DMA terminates on the END message, or byte count = 0, and not on
the last byte of a Receive Data Request although the PHI tag bits
0,1 of the last byte read when the byte count goes to 0 are used
to establish the termination status of DMA.

After conclusion of a DMA transfer, this register contains the
number of bytes not transferred. If DMA was aborted, then the
byte count may be one less than the number of bytes not trans-
ferred, or it could be correct depending on where the state
machine is when the abort occurs.
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7-57. Register B(1ll) - DMA Status/DMA Control. A write causes DMA
control parameters to be loaded and DMA operation to start. A
read returns DMA status information and some bits previously
written.

7-58. Register C(l2) - Interrupt Register. This register has one
bit for each of the eight device numbers. When bits are set for
devices, and the Interrupt Mask is set, the GIC will assert the
IMB IRQ line to request an External Interrupt of the computer
system.

7-59. Register D(13) - Interrupt Information. This register is
read only and is referenced as a channel register, or with the
Obtain Interrupt Information IMB command during External Inter-
rupt processing with the CPU system microprograms.

7-60. Register E(14) - Channel Configuration/DMA Abort. A read of
this register identifies the GIC uniquely to the computer system
and describes its options in conformance with I/0 system design
specifications (i.e., channel or device).

7-61. Register F(15) - Channel Service Information. “The OBSI IMB
command references the same information as a read of this regi-
ster, but when the register is read directly, Parallel Poll re-
sponses will not be checked but will be treated as a PHI Inter-
rupt line assertion. The CSRQ logic controls this register. A
write has the same effect as a write to register B. This regi-
ster is used during channel program execution to set up the chan-
nel to generate CSRQ if a particular condition occurs within the
PHI, prior to a channel program suspend.

7-62. PHYSICAL CHARACTERISTICS

The GIC circuitry is contained on a single, 7-layer printed-
circuit assembly that inserts into its assigned slot in the I/0
card cage. The backplane of the PCA has four edge connectors that
connect into mating receptacles in the card cage. Connectors P2,
P3, and P4 are used for interfacing with the IMB and the power
buses. Connector Pl is not used. The frontplane edge connectors
are reserved for connecting to external devices. Connector J1 is
a test connector which is used for maufacturing testing. Connec-
tor J2 is a 30-pin connector used for connecting to the HP-IB
through a two-meter long cable. Connector J3 is 27-pin connector
that attaches to a flat, ribbon cable for connecting to peripher-
al interface PCAs that reside in the mainframe (i.e., INP). Fig-
ure 7-6 depicts the physical arrangement of the PCA and table 7-3
lists the pin assignments for each connector.
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Figure 7-6. GIC Printed Circuit Assembly
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Conn. P2 P3 P4 J3 J2 Jl
Pin IMB IMB IMB HP-IB HP-IB TEST
No. 50 50 50 26 30 50

1 +5v ADR-7 +5v DIOl COM

2 +5v ADR-6 +5v DIOZ PLY4
3 +5v ADR-5 +5v COM DIO3 COM

4 +5v coM +5v coM DIO4 PLY3
5 DATA-15 ADR-4 CcoM EOI COM

6 DATA-14 ATN DAV PLY2
7 DNV coM NRFD coM

8 DATA-7 SRQ NDAC PLY1
9 DATA-13 DATA-6 CSRQL CoM IFC COM
10 DATA~12 coM CSRQ2 iFC SRQ PLYO0
i1 DATA-5 CcoM ATN coM
12 DATA-4 NDAC CcoM PLAEN
13 DATA-3 +12v coM CcoM
14 DATA-2 +12v NRFD COM DIAGCK
15 DATA-11 DATA-1 BRQ COM coM CcoM
16 DATA-10 CoM coM DAV DIOS XDMCKAF
17 DATA~9 DATA-0 BACK REN DIO6 coM
18 coM coM EOI DIO7 TOCLK
19 DATA-8 ADR-3 WAIT DIO8 DIO8 coM
20 ADR-15 ADR-2 coM DI04 REN DIAG
21 ADR-1 ADN DIO7 COM COoM
22 com COM DIO3 COM

23 ADR-14 ADR~-0 ADO DIO6 COM coM
24 ADR-13 ADR-E1 CoM DIO2 COM MEREN
25 ADR-E2 DDO *DIOS COoM COoM
26 ADR-E3 CcoM DIO1 coM DMCNTEN
27 ADR-12 ADR-E4 DDN COM coM
28 coM coM CoM TODIS
29 ADR-11 ADR-ES5 IRQ coM coM
30 ADR-10 ADR-E6 PER CcoM
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Table 7-3. GIC Connector Pin Assignments (Continued)
Conn. P2 P3 P4 J2 Jl
Pin IMB IMB IMB HP-IB TEST
No. 50 50 50 30 50
31 ADR~E7 CcoM
32 ADR~-E8
33 ADR-9 OP-2 SRST coM
34 ADR-8 COoM PFW XSLAVEF
35 coM oP~1 CcoM CoM
36 OP-0 PON
37 coMm CoM
38 PRI
39 PRI COM
40 PRI
41 PRI COM
42 PRI
43 PRI coMm
44 PRI HYBRID
45 coM PRI coM COM
46 coM PRI COM CSRQ2
47 PRI CoM
48 PRO SYSCON
49 COoM CcoM
50 PCRY

7-63. SYSTEM CONFIGURATION

The GIC contains five switches used in configuring and control-
ling the GIC functions.

switches.

Table 7-4 describes the functions of the
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Table 7-4. Switch Functions

SWITCH FUNCTION
PROCESSOR A two-position toggle switch that
Switch S1 allows the GIC to generate channel

service requests (CSRQ) when set to
the CPU position. The CPP position
is not used.

DEVICE TYPE A two-position (A and B) toggle switch

Switch S2 In the normal (A) position, the system
performs unit identification during
power up (PON). Position B is not
used.

SYS CTRL A two-position toggle switch (ON and

Switch 83 OFF). When set to ON, the GIC is des-

ignated as system controller, and the
GIC is controller-in-charge of the HP-
IB.

When the switch is set to OFF, the GIC
operates as an HP-IB device. In this
mode the GIC controls only peripheral
devices, and then only upon command
from another GIC that is controller-
in=-charge.

CHAN ADDR A thumbwheel switch that configures

Switch S4 the GIC to an identifying channel num-
ber. This channel number establishes
IMB priority and the GIC responds ac-
cordingly when addressed.

MODE A two-position toggle switch that
Switch S5 places the GIC in the operate mode
(OPER) or test mode (TEST). When set

to TEST the GIC diagnostic can be run.

Also, this mode allows the DMA state

machine to be singlestepped by clock-

ing the slave flip-flop, prevents a

CSRQ command from being issued, and

disables the one-second timeout.

7-39/7-40
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8-1. INTRODUCTION

This section describes the Asynchronous Data Communication Chan-
nel (ADCC). The system block diagram illustrates the major func-
tions in the ADCC. The physical characteristics are included
with a brief description of each function.

82. BLOCK DIAGRAM OVERVIEW

The ADCC provides a bit-serial data interface between the HP 3000
Series 44 Computer System and external peripherals. All data is
transmitted and reveived asynchronously, through the use of large
integrated circuits called UARTs (Universal Asynchronous Receiver
and Transmitter).

The ADCC consists of two PCAs. The first PCA is referred to as
the Main ADCC and the second is referred to as the ADCC Extender.
The Main ADCC provides up to four RS-232-C ports, each of which
contain the serial input and output data lines, and the control
lines necessary to interface with devices connected on the
RS-232-C lines. The ADCC Extender is added to the Main ADCC to
provide an additional four ports, for a total of eight RS-232-C
ports. Control for the ADCC Extender is located on the Main
ADCC, therefore the ADCC Extender is essentially a slave to the
Main ADCC. If more than eight ports are needed, a second Main
ADCC must be installed in the system.

The ADCC interfaces between the IMB and RS-232-C lines to provide
an orderly flow of data between the computer and devices con-
nected to the RS-232-C lines. Unlike the GIC, the ADCC is an IMB
slave only, therefore, it can respond to IMB handshakes but not
initiate a handshake. Also, the ADCC can never control the bus.

8-3. IMB Handshake Control

The ADCC will participate in an IMB handshake only if all pre-
vious handshakes have been completed and both the address and
data are valid for the present operation. The IMB handshake con-—
trol logic responds to the ADO and DDO commands by setting up the
circuitry for transfer, establishing a time frame in which the
transfer occurs,handshaking using ADN and DDN, and releasing the
handshake upon completion of the transfer. In addition, this lo-
gic detects global and nonglobal operations. When an operation is
not global, the IMB handshake control enables an address compara-
tor which compares the IMB address with that set by the channel
address switch Sl on the front plane. If the addresses compare,
then the handshake control logic allows the handshake to occur.
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84. IMB Command Decoding

The IMB command decoders produce signals that tell the circuitry
how to react to various operations. Part of the IMB operation
code is used to indicate read and write operations. The appro-
priate decoder 1is enabled from the handshake control when the
operation is intended for this channel. The decoder outputs then
directly select and enable the various circuit modules on the
ADCC. During a read, the enabling signal remains valid until the
IMB master accepts the ADCC information. For a write, the out-
puts remain wvalid only wuntil the ADCC has processed the
information.

85. IMB Register Decoding

The register decoding logic decodes part of the IMB address to
determine which channel register the cycle is to be directed.
Writing a specific register will either be used for data trans-
fer, examine service requests and channel configuration, or to
access the channel interrupt logic.

86. Device Address Latches

When a device is addressed to talk or listen, or when a secondary
address is issued, the ATN line on an HP-IB will be asserted to
signify a command. If EOI also asserted, a command is not being
sent. The ADCC uses the ATN and EOI to know when to interpret the
IMB data as addressing information and latch it for wuse during
subsequent IMB cycles. The device address latch distinguishes
between operations that are not legal for the ADCC, an address to
talk, an address to listen, or a secondary address which contains
modifier information. This circuitry also prevents the ADCC from
latching talk or listen commands which are sent to the PHI on the
GIC when a device transfer is being set up. Other bits in the IMB
address are decoded to determine whether the addressed device is
connected to the the Main ADCC or Extender ADCC device lines, in
order to select a particular device.

8-7. Identify Logic

The Identify instruction causes the device to return two bytes of
information which identify the device type. The most significant
byte identifies the device as being a data communications classi-
fication and the least significant byte says that this 1is an
ADCC. The identify command also sends an Untalk command, followed
by a secondary address that contains the device number (0-7).
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NOTE

The UARTS on the ADCC are considered to be
HP-IB devices, not the RS-232 peripherals
connected to the ADCC.

8-8. Channel Program Status Registers

When the IMB command decoder detects an SIOP or HIOP operation,
latches in this circuitry enable the program run status informa-
tion to be stored from the data in (DI) bus. The information con-
tained in this status word includes the device number, location
to which the information is going, and indicates whether the com-
mand is to start or stop a program. Also, changes in the channel
program are noted by a new status register. This means that a
change in the device channel program has occurred that has not
been processed by the channel program microcode. A change of this
nature causes the channel to request service on behalf of the
device so that the program can be properly started or stopped.

89. Channel Serivce Request Logic

This logic will request service by asserting CSRQ when a change
in the channel program occurs, or when the program is running and
any of the following conditions are present:

a. The UART for a device has a an empty transmit buffer and the
transmit buffer empty service condition is masked on.

b. The UART for a device has a nonfull transmit buffer and the
transmit buffer not empty service condition is masked on.

c. The UART for a device has an unread character and no framing
error has occurred.

d. A condition is pending, the status of which should be read.
For example, if a change in the modem status has occurred,
this condition should be read.

8-10. Device Specified Jump Logic

The Device Specified Jump (DSJ) instruction obtains one byte of
information from the device in order to calculate a jump in the
channel program. The device is addressed to to talk and is sent a
secondary address. The ADCC device latches these commands which
are not altered until more commands of the same type are re-
ceived. After the secondary command, the device sends its byte
and is then issued an Untalk command. There are four types of
responses to a DSJ:
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a. Read Request. The device is requesting service because it has
received a serial data character that can be read into
memory .

b. Write Request. This response occurs if the device is re-
questing service because -its UART can be loaded with a data
byte for serialization and transmission over the RS-232C
output.

c. Read Status. This response will occur if the UART or modem
status should be read.

d. No Request and No Error Pending. The device will return a DSJ
byte if there is no service request or uncleared error at the
time the DSJ is executed.

8-11. Global Response Logic

The global response logic responds to global commands issued over
the IMB. When a command is read, this logic conditions the ADCC
to return the proper response. For example, if the global com-
mand is a channel roll call, this logic causes the IMB data line
that corresponds to the channel address to be asserted. If not,
the channel address comparator then compares the IMB address with
the channel address.

8-12. interrupt Logic

When the ADCC is initialized or there has been an I/O Clear com-~
mand issued, the interrupt register is cleared and the interrupt
mask is reset. Interrupts are received by the ADCC and queued
into the the interrupt logic, then an interrupt request is as-
serted onto the IMB IRQ line. The CPU then issues the IPOLL glo-
bal command to determine which channel has an interrupt pending.
After an affirmative response from the highest priority channel
with the pending interrupt request(s), the OBII command is
issued. The response to the OBII command indicates to the CPU the
lowest device number on that channel whose interrupt bit is set.
The channel priority-encodes the device requests according to
device number, which means that the lowest-numbered device
receives the highest priority. After the OBII operation is com=-
plete, the interrupt bit is cleared and the CPU microcode enters
an interrupt service handling routine. Also, the interrupt mask
is cleared to prevent the channel from asserting IRQ.

8-13. Univeral Asynchronous Receiver/Transmitter
The universal asynchronous receiver/transmitter (UART) is a gen-

eral purpose programmable device that interfaces an asynchronous

8-5
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serial data device with parallel data of the computer, through
the ADCC channel. The UART contains a transmitter section and a
receiver section. The transmitter section converts parallel into
a serial word containing start, data, parity, and stop bits. The
receiver section converts a serial word containing start, data,
parity, and stop bits into parallel data. The receiver section
also verifies proper code transmission by checking parity and
receipt of a valid stop bit. There is one UART assigned to each
device on the ADCC. With the Extender ADCC connected to allow a
total of eight devices on the channel, there are eight UARTs
assigned to associated devices. '

8-14. Baud Rate Clock

The baud rate clock consists of circuitry that stores the baud
rate for each device, provisions for changing the code when a
change is written to it, an internal clock that provides clock
rates corresponding to the baud rates, and a rate generator that
scans the baud rate codes and selects a corresponding internal
clock.

8-15. Special Character Detection

The special characters used in the ASCII code are detected and
decoded in this circuitry. Also, when a byte containing a special
character is written, it is stored with the the device's list of
special characters. When this byte is received on the serial
input line and read by the channel program, the byte will be
tagged with an END meassage to prevent the instruction imme-
diately following the Read from being skipped. If the device is
to recognize more than one special character a separate Write is
required to place each one on the list.

8-16. Modem Controls

If the ADCC is connected to a device through a modem, that is,
not hardwired, then the ADCC must indicate to the CPU that a mo-
dem is being used. Also, the control logic conditions the modem
for data transmission or reception.

8-17. Modem Status

Each device has five input lines which can be used to monitor the
status of the device. These lines are normally used with modems
to detect changes in the modem status or communication line. The
input lines are designated Clear To Send (CB), Data Set Ready
(CC), Signal Detect (CF), and Secondary Signal Detect (SCF),
which correspond to standard modem signals. The modem status

8~6
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logic contains programmable references and masks. If any of the
status signals disagrees with its reference and its mask is
enabled, the device will request service. The service request
will continue until the signal changes to agree with its refer-
ence, the reference is changed, the signal is masked off, or the
device channel program is halted.

8-18. Break Detection Logic

When a break occurs, this logic allows the device to request ser-
vice after the serial data line has returned to the MARK con-
dition. If a framing error occurs, the logic will hold off a
service request for a period of time to allow the character to be
read. A framing error may be detected if the proper stop bits
were not tagged onto the the character bits, or were lost in
transmission.

8-19. PHYSICAL CHARACTERISTICS

The Main ADCC contains two switches on the front plane. Connec-
tors Jl and J2 are on the front plane. Connector J1 on each PCA
are interconnected by a flat cable when the Extender ADCC is
used. Connector J2 is a 56-pin connector that contains all the
RS~-232-C signals for four devices. Figures 8-l and 8-2 depict the
PCAs, location of test points, connectors, and switches. Tables
8-1 through 8-3 identify pin assignments for all edge connectors
on the PCA. Pin assignments are the same for both PCAs.

8-20. SYSTEM CONFIGURATION

Two switches mounted on the front plane configure the ADCC.
These switches are described as follows:

WPLS Switch Sl.

This is a l6-position rotary switch that selects the IMB channel
address of the ADCC. Positions 1 through 15 are usable for ad-
dress numbers, Position 0 is not used.

CPU/CPP Switch S2.
A toggle switch that selects whether the channel programs for the

ADCC are executed by the CPU or not. Since the CPP position is
not used, the switch must always be set to CPU for operation.
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Table 8-1. Connectors P2 Through P4 Pin Assignments

P2 P3 P4
Pin Sig Pin Sig Pin Sig |Pin Sig in Sig Pin Sig
1 +5V 2 +5v 1 ;\;7 2 ;._D; 1 +5V 2 45V
3 +5V 4 +5V 3 ;E;S 4 3 +5V 4 +5V
5 pls | 6 D4 | 5 ADRE| 6 5 6
7 -1l2v 8 =-l2v 7 l;s.;l 8 D_7 7 =-1l2v 8 -12v
9 1;3 10 IE 9 I:; 10 GND 9 CSRQ1l| 10 CSRQ2
11 E;II) 12 FPRST| 11 D—S 12 D—4 11 12
13 +l2v 14 +l2v | 13 1-3_3 14 ;; 13 +12v 14 +12v
15 IEI 16 5—1_0 15 l;i 16 GND 15 EE& 16 GND
17 D_9 18 GND 17 ;). 18 ;2 ;;; 17 BAC—K 18 GND
19 ;; 20 IE 19 E; 20 XIE 19 vm 20 GKNC
21 -12M | 22 -12M | 21 El—l 22 GND 21 E 22 GND
23 E 24 1:3- 23 Zﬁ 24 ;:-I 23 ;D—O- 24 GND
25 +5M 26 +5M 25 1-:—2 26 E:_3 25 _DE 26 GNL
27 ADR12| 28 GND 27 B—4 28 GNC 27 l;l;;; 28 GNC
29 ADRl1l| 30 ADR1O| 29 E—S 30 E-l-; 29 R 30 P—E—R
31 +12M 32 +12M | 31 E; 32 ; 31 +12M | 32 +12M
33 ADR9Y 34 ACR8 33 CFZ 34 GND 33 SRST 34 E{E
35 GND 36 PON 35 C;l 36 (FO 35 GND 36 PON
37 38 FPDMP| 37 GND 38 37 38
39 FPHLT| 40 FPRUN| 39 40 39 40
41 F_P-; 42 FPLED| 41 42 41 42 REMOTEN




ADCC

Table 8-l. Connectors P2 Through P4 Pin Assignments (Continued)

P2 P3 P4
Pin Sig EPin Sig pin Sig | Pin Sig Pin Sig Pin Sig
43 CHL2 44 CHL1 | 43 44 43 44
45 GND 46 GND 45 46 45 GND 46 GND
47 DEV1 48 CHL3 | 47 48 47 48
49 DEV3 50 DEV2 | 49 50 49 50

8-11
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Table 8-2. Connector J1 Interconnect Wiring

MAIN EXTENDER
ADCC ADCC
A 31
D06G Gated Data Out Signal
1 1
DO5G Gated Data Out 05 Signal
2 2
DO7G Gatad Dats Out 07 Signal
3 3
DO8SG Gated Data Out 08 Signal
4 4
GND Indi E der is p ; Signal BDID on Main ADCC
5 5
Do1G Gated Data Out 01 Signal
6 6
D02G Gated Data Out 02 Signal
7 7
DO3G Gated Data Out 03 Signal
8 8
DOo4G Gated Data Out 04 Signat
9 9
GND
10 10
GND
1 1
RONI Read Register 0, Not identify
12 12
MDM2 Modem Status Line CE on Device 2 changed
13 13
DIGT Data Input Gate — Enables IMB Receivers
14 14
WMO Writs, Modifier = 0
15 15
wM1 Write, Modifier = 1
16 16
WM2 Write, Modifier = 2
17 17
WM3 Writs, Modifier = 3
18 18
DoT EO! Tag On Returned Data
19 19
PGT Priority Gate ~— Truse is Main ADCC is Requesting Service
20 20
WES Writs Enabls, Modifier =5
21 21
WE4 Write Enable, Modifier = 4
2 22
WE7 Writa Enable, Modifier = 7
23 23
GND .
24 24
LOADD Low Address — True if current addressed device < 4
25 25
J. MDM3 Modem Status Line CE on Device 3 changed 4
047014-83
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Table 8-2. Connector J1 Interconnect Wiring (Continued)

T ]
26 - 26
WE6 Write Enable, Modifier = 6
‘27 27
MDM1 Modem Status Line CE on Device 1 changed
28 - 28
DsJ Device Specified Jump is baing executed — RONI = True
29 29
GND
30 30
RMO Read, Modifier = 0; RONI = True
3N 31
MDMO Modem Status Line CE on device 0 changed
32 32
RM1 Read, Modifier = 1; RONI = True
33 33
0BSI OBSI being executed
34 34
RMZ Read, Modifier = 2; RONI = True
35 35
SEQEXTD Service Request from Extender ADCC
36 36
N1D Bit DI2 of Device Address, Driven from Main ADCC
37 37
CHAN Low-Order Bit of ADCC Channel !
38 38 i
NOD Bit D11 of Device Address, Driven from ’
39 39
3 CEOQ RS-232-C level CE line for Device 0
40 40
RST Reset (IMB Reset)
4 41
CHO RS-23-2 level CH line for Davice 0 I
42 42
CH1 RS-232-C levet CH line for Device 1
43 43
DMCE Multiplexed CE Modem Status Line
4 44
CE1 RS-232C level CE line for Device 1
45 45
SHIO SIOP or HIOP is being executed
46 46
CH2 RS-232-C level CH line for Device 2
47 47
CE2 RS-232-C level CE line for Device 2
48 48
CH3 RS-232-C level CH line for Device 3
49 49
CE3 RS-232-C level CE line for device 3
50 50
047014-84
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Table 8-3. Connector J2 Pin Assignments

Bin Signal Dev/Pin (J2) Pin Signal Dev/Pin

1 CE3(7) 3-32 26 SCFO0(4) 0-12

2 CC3(7) 3-6 27 Ca0(4) 0-4

3 BB3(7) 3-3 28 CD0(4) 0-20

4 SCF3(7) 3-12 A CH3(7) 3-23

5 CA3(7) 3-4 B CB3(7) 3-5

6 SCA3(T) 3-11,19 (o CF3(7) 3-8

7 AB3(7) 3-7 D BA3(7) 3-2

8 CH2(6) 2-23 E CB3(7) 3-20

9 CcB2(6) 2-5 J CEZ (6) 2-22

10 CCZ(6) 2-6 K ABZ (6) 2-7

11 BAZ (6) 2-2 L CF2(6) 2-8

12 CAZ(6) 2-4 M SCF 2(6) 2-12

13 SCAZ (6) 2-11,19 N BB2(6) 2-3

14 CBl (5) 1-5 P CD2(6) 2-20

15 CC1(5) 1-6 R CE1(5) 1-22

16 CF1(5) 1-8 s CH1(5) 1-23

17 BAL (5) 1-2 T AB1(5) 1-7

18 CD1(5) 1-20 u BB1(5) 1-3

19 SCF1(5) 1-12 v CAl(5) 1-4

20 CHO(4) 0-23 1 SCA1(5) 1-11,19

21 ABO (4) 0-7 X CEO0(4) 0-22

23 CBO (4) 0-4 DD BAO(4) 0-2

24 CCo(4) 0-6 EE SCa0 0-11,19

25 CF0 (4) 0-8 FF BBO(4) 0-3

NOTE: Numbers in parentheses indicate device numbers and sig-

nals connected to the Extender ADCC. For example, Pin 1
of J2 is connected to CE3 on Main ADCC and to CE7 on Ext-
ender ADCC. This signal connects Main ADCC to device 3,
and to device 7 from Extender ADCC.
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9-1. INTRODUCTION

This section describes the power distribution for the HP 3000/44
Computer system. The description includes ac power distribution,
dc power distribution, power supply units, and service informa-
tion. Also, the battery backup is discussed.

9-2. AC POWER DISTRIBUTION
The AC power distribution for the HP 3000/44 consists of an isol-

ation transformer and one of two types of power control modules.
Table 9-1 lists the input AC power requirements.

Table 9-1. AC Input Specifications

POWER REQUIREMENTS

Line Voltage: 200,210,220,230,240 VAC,
single phase

Voltage Tolerance: +4% to -10%

Line Frequency: 50 Hz or 60 Hz +/- 0.5Hz

Power Consumption
(less peripherals)

One Card Cage: 1280 watts at 60 Hz,
1400 watts at 50 Hz

Two Card Cages: 2160 watts at 60 Hz,
2220 watts at 50 Hz

Input Current Rating
{at full load, no devices
connected to receptacles
at rear of cabinet)

One Card Cage: 8.3A at 208 vAC, 60 Hz;
8.1A at 220 VAC, 50 Hz

Two Card Cages: 13.1A at 208 VAC, 60 Hz;
12.4a at 220 VAC, 50 Hz

Current Available to
Peripherals: 20A at 120 VAC, 50 or 60 Hz

Circuit Breaker Rating: 24A

9-2
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9-3. Power Control Module

The Power Control module (PCM) 1is used to provide AC power
distribution and line protection for the HP 3000/44 computer
system. The PCM is located at the bottom right rear of the
system cabinet.

9-4. AC Distribution. The distribution of AC power is available
to operate the system power supplies (30090-60035), cooling fans,
and auxiliary equipment (system disc, system console, mag. tape).
Two types of PCM's are designed to provide the necessary power
distribution media, both TYPE 1 (for use in USA, Canada, Japan,
etc.) and TYPE 2 (for use in most European countries and other
countries) are the same except that NEMA 5-15R receptacles are
used for Type 1 and CEE 22-VI receptacles are used for Type 2. In
addition; circuit breakers CKB 2 and CKB 3 have different ratings
for the two types of PCM; a 15 amp breaker is wutilizied in the
TYPE 1 PCM, while the TYPE 2 PCM uses 10 amp breakers. For de-
tailed block diagrams see figure 9-1 for the TYPE 1 PCM and fi-
gure 9-2 for the TYPE 2 PCM.

9-5. AC Line Protection. The primary AC line protection is pro-
vided by a 24-ampere breaker on the main AC input to the the HP
3000/44 mainframe. This breaker can also be used to simulate a

power-fail condition to test the functional operation of the bat-
tery backup facility.

The secondary breakers (CKB 2 and CKB 3) provide circuit protec-
tion for the external receptacles used by the peripheral equip-
ment, such as the system disc, system console, etc..

Another secondary breaker (CKB 4), which is 20 amperes for both
TYPE 1 and TYPE 2, is located in the side panel (adjacent to the
operators right knee). This circuit breaker is used to switch ON
and OFF the mainframe power only, and it also provides circuit
protection for the internal system components such as the power
supply units and the air plenums.

NOTE

The two auxiliary switches, integrated
with CKB 4, are used to switch the batter-
ies off line. This 1is necessary during
transportation of the HP 3000/44 computer
system or during extended periods of ser-
vice to prevent the batteries from dis-
charging.
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9-6. AC Isolation Transformer

The isolation transformer is used to protect the computer system
from the effects of transient voltages and line noise caused by
other equipment and power disturbances.

The isolation transformer has a rating of 5000 volt-amperes and
weighs 112 pounds. It has five voltage strappings (200-240 volts
in 10 volt steps) on the primary input windings. The secondary
has two 120 volt windings, which are connected in series with
grounded center tap to give a 120/240 volt output. The 1line to
neutral wvoltage of 120 VAC is connected to the outlets (60 Hz
system) or the line to line voltage of 240 volts (50 Hz systems)
for external power needs.

Isolation Transformer Specifications:
* >125 decibels for Common-Mode noise rejection

* 20 decibels per decade attenuation at frequencies greater
than 100 Hz, for Differential-Mode noise rejection

* 0.001 picofarad interwinding capacitance; primary to
secondary.

Table 9-2. shows the strapping information for converting the
isolation transformer primary windings input.

Table 9-2. Isolation Transformer Jumpers

Input Jumpers
Voltage Jumper Line Voltage

200 2-5 1-6
210 3-5 1-6
220 3-5 1-7
230 4-5 1-7
240 4-5 1-8

9-7. DC POWER DISTRIBUTION

The Series 44 Computer System contains at least one 30090-60035
power supply to power the processor unit PCA's. A second power
supply is added when when the second card cage 1is installed in
the system. Figures 9-3 and 9-4 show single and dual power supply
configurations. '
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9-8. DC Indicators and Test Points

The indicators mounted on the front panel of the power supply and
on the respective card cage backplanes are provided to monitor
the power supply status. The system control panel provides power-
on status through the use of a POWER LED and power low indicators
for DC power failures, AC low conditions, and overtemperature
conditions. In addition, test points on the power supply front
panel are provided as an aid in troubleshooting.

9-9. Test Points and Indicator. There is one LED and eight test
points located on the front of the PSU. The LED indicates that
the +5V from the HP 63909F is on. The test points +5, +12, and
-12 indicate the voltages from the HP 63909F, while the test
points +5M, +12M, and -12M indicate the voltages from the memory
supply. The test point BATT indicates the battery voltage and PON
indicates the power on condition. All of the DC test points are
return from the backplane and reflect the voltage drop from the
power supply to the backplane. Figure 9-5 shows the location of
the indicators and test points on the power supply front panel.
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Figure 9=5. Power Supply, Front View

9-10. Battery Charge/Discharge Indicators. To indicate proper
operation of the charge circuitry or warn of the memory backup
battery discharging into a load, two LED's are incorporated on
the memory preregulator board. A green LED, indicating charging
current, is at its brightest when the battery is charging and
dims as the charge current lowers and battery approaches maximum
charge. The red LED indicates that the battery is discharging and
supplying current to the load. Both LED's are off during normal
operation with a fully charged battery.

9-11. Backplane LED's. There two LED's on the lower left corner
of the backplane. The LED's are +12 volts (red) and +12M volts
(yellow) indicators for the DC voltages of the power supply unit.
Should any of the main power supply output fail the +12 volt
(red) LED will be out or should any of the memory supply outputs
fail the +12M volt (yellow) LED will be out.

NOTE

These indicators are only a convenient way
to quickly indicate the operation of the
power supply unit. The power supply unit
must be checked using the procedures out-
lined in the power supply service informa-
tion part of this section.

Figure 9-6 shows the location of the indicators on the card cage
backplane.
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Figure 9-6. Card Cage Backplane

9-13. SYSTEM POWER SUPPLY UNIT

Each card cage in the HP 3000/44 processor unit is supplied power
from a single power supply that provides both main and memory
power. When two card cages are used in a system, two power sup-
plies are installed and operate independent of one another.

The power supply consists of a 545-watt power supply module
(63909F) and a 98-watt memory supply which has a battery backup
of approximately 15 minutes. These components are packaged in a
single unit and operates from 240-VAC single-phase power. Figure
9-7 depicts the functional areas of the power supply.

9-15. Main Power Supply

The HP 63909F main power supply is a switching-regulator style
supply, providing three different DC voltage outputs to the sys-—
tem. They are +5 volts, +12 volts, and =12 volts. The maximum
currents available from each of the output voltages are 85A, 5a,
and 5A respectively. The total output power limitation is 545
watts over the temperature range of 0 to 40 degrees C. Remote
voltage sensing is used for all outputs to the system backplane.
The remote sensing of all three output voltages is necessary in
order to maintain good voltage regulation at the load by reducing
the degradation that would occur due to the voltage drop in the
cables between the power supply and the backplane.
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Table 9-3. shows the current and power consumption of all HP
3000/44 PCA's.
Table 9-3. PCA Power Consumption
Current Drain (Amperes) Total
P.C. Boards Power
+5v +12V =12V +5M +12M -12M | (watts)
GIC 4.37 | 0.05 22.45
ADCC~Main 2.19 | 0.10 0.07 12.99
ADCC-Extender | 1.73 | 0.10 0.06 . 10.57
ALU 8.35- 41,75
CTL 11.80 59.0
(fully loaded)
PCS 8.92 44.6
(fully loaded)
CMP 2.07 | 0.05 0.05 0.09 12.0
Memory Cntlr 5.20 0.63 29.15
Memory Array 0.74 0.53 [1.54 | 0.018 25.046
(active)
Control Panel | 0.29 1.45
INP 2.44 ] 0.50 0.12 0.24 |0.36 | 0.008 25.26
Printer 2.30 {0.03 11.86
Interface
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9-16. Memory Power Supply

The Memory supply consists of the memory preregulator PCA, a 14
volt, 7-cell, lead-acid battery, and the memory regulator PCA.
The input power to the memory supply is from the 28.27 VAC output
of 240 volt AC transformer, Tl, to provide power for the memory
regulator and the charge current to the battery. The voltage is
rectified and filtered to provide 40 VDC input to the memory pre-
regulator at normal line voltage.

During normal operation, the memory voltages are supplied by the
memory preregulator and wmemory regulator boards. The battery
backup in the memory power supply 1is always connected on-line
when the system ON/OFF switch is turned ON.

NOTE

The system ON/OFF switch in the OFF posi~-
tion will automatically open the battery
line. This will avoid unnecessary voltage
discharge of the battery during shipment
of the system or during service.

When a line voltage failure occurs, the battery provides the pow-
er to the memory regulator to maintain the memory voltages. The
power supply will not function properly without the battery.

9-17. Memory Preregulator. The memory pregulator is a switching
regulator of 40 kHz rate to provide power to the memory regula-
tor, and also provides a constant source mode to charge the bat-
tery at about 650 MA maximum and provide power to the memory reg-
ulator. The preregulator output voltage is determined by the
state of charge and temperature of the battery. The thermistor
in contact with the battery monitors its temperature and adjusts
the output voltage of the preregulator. When the battery reaches
full charge at any given temperature, the voltage limit mode of
the charger dominates and the charge current is reduced to a very
low level.

The output voltage from the preregulator is normally set (by R10)
to about 16.45 volts at room-temperature.

9-18. Battery Pack. The battery pack is a 14 Volt, 7-cell 1lead
acid battery. At room temperature (23 degrees C) the battery no-
load voltage should be about 2.35 volts per cell or 16.45 volts
DC for the entire battery pack at full charge.
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9-19. Memory Regulator. The memory regulator assembly has a
series regulator for the +12M volt output and a switching regula-
tor for the +5M and -12M outputs. The input voltage (approx.
16.45 volts) to the memory regulator is the same whether the pow-
er is derived from the battery during a power failure or the pre-
regulator when the input line voltage is normal. In the absence
of AC line voltage the battery will continue to provide input
power to the memory regulator until a preset voltage (about 12
volts) 1is reached, at which time the memory regulator will sense
the battery condition and shut off all output voltages, this will
keep the battery from further discharging to zero volt.

The memory regulator assembly circuitry is designed to bring up
the +5M and -12M voltages prior to the +12M volts. The +12M
voltage is held at zero until the -12M supply exceeds about -9
volts, thus preventing possible damage to the memory RAM chips.
There is a minimum load (0.5 A) required on the +5M output 1in
order for the +12¥ and -12M to be present or regulated. Hence,
in the HP 3000/44 system, a minimum load is provided at the card
cage backplane with a switchable load resistor. When there is no
memory in the card cage, switch to the NO MEM position; otherwise
switch to the MEM position.

9-20. POWER CONTROL
9-21. General Description

The power control PCA contains undervoltage sensing circuits to
protect the computer system hardware in the event the main power
supply voltages fall below the preset level. (See figures 9-8.)
This PCA also contains a low-line detector that monitors the AC
input voltage. Two signals are generated on this PCA, Power Fail
Warning PFW- and Power On (PON). The circuits on this PCA disable
system operation when the input AC line voltage is "too 1low, or
when an overtemperature condition exists. Also, the circuits shut
down the DC power supplies if a DC undervoltage fault occurs.

9-22. Operation

Two signals to the system backplane provide power status informa-
tion to the system. These are high-true Power On (PON) and low-
true Power Fail Warning (PFW-). When low level, PON is used by
the system hardware for system reset and initialization. When
true, PFW- indicates that the input AC power is above 85 percent
of nominal rating, and that the power supplies are on. PFW- is a
power status signal that alerts the system of an impending power
failure before the DC output voltages actually go off. The CPU
uses this to initiate an oderly shutdown of the operating system.
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The power supply Remote Disable (RMTL) signal is asserted low to
shut off all DC outputs if an overtemperature, AC low or DC low
conditions occurs. In the event of any of these failure states,
the power control PCA will send power status information to the
system control panel display.

The AC low-line detector uses two comparators and a low-pass fil-
ter to detect the average of the line voltage waveform. These
circuits trigger on each half cycle of the waveform and are re-
ferred to as VON and VOFF. VOFF triggers at 85 percent of the
nominal rating of the AC line voltage, and VON triggers at 90
percent. This provides hysteresis between turn-on and turn-off
voltage levels.

At initial turn-on, PFW-, PON, and RMTL are low, thus the DC vol-
tage outputs are initially disable until the AC line voltage is
more than 90 percent of its rated nominal value, which triggers
VON. Then, the DC supplies are enabled when RMTL goes to the high
state. If the line voltage remains above the VON level with the
added load of the power supplies, PFW- goes high, and approxi-
mately 1.5 seconds later PON also goes high, thereby allowing
system operation to begin.

Continuous normal operation is allowed ad long as the input AC
line voltage remains above the lower low-lime detector level
VOFF. 1If the line voltage drops below VOFF for a full cycle or
longer, PFW- is asserted low, and at a minimum of two millisec—
onds later, PON also goes low to indicate the the DC voltages may
be going down. The AC line voltage must return to above the
higher low-line detector VON to restart the system. If the line
voltage remains below the VOFF level for 25 ms or longer, RMTL
goes low, disabling the power supplies (main and extend, if two
card cages are installed). The line voltage must return to above
the VON threshold before the power supplies will be allowed to
turn on.

The hysteresis provided by the two low~line detector levels is
needed to prevent a system restart just after shutdown. With only
one low-line detector, the small increase in the the AC line vol-~
tage could trigger a system restart. An oscillating condition of
attempted restarts and power fail shutdowns would result.

At initial turnon, the power supplies are prevented from turning
on for 20 ms. PFW- and PON are low while the DC supply voltages
are coming up and settling. A minimum of 50 ms after the input
line voltage exceeds 189 VAC, PFW- goes high. Approximately one
to two seconds later PON goes high, allowing the system to
operate.
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If the AC line voltage drops below the minimum specified value
for longer than 28 ms, PFW- will be asserted low which initiates
a power down sequence. A minimum of two milliseconds later, PON
goes low and the DC voltages may begin to drop. The two millisec~-
onds is the time available for system shutdown.

9-23. DC Undervoltage Shutdown. Undervoltage detection is prov-
ided for the +5, -12, +12, and +5M volt DC outputs from the power
supplies. The undervoltage detector circuit is powered from the
+1l5volt bias supply. The +5-volt output undervoltage detection
level is approximately 4.17 volts. The +12 volts is divided down
to +4.86 volts and compared to the 4.17 volts in the undervoltage
detection circuitry. The -12 volts is divided down from the +12
sense so tha an undervoltage will be detected if the -12 volts
drops to -10 volts. If both the +12 volts and -12 volts drop, the
+9-volt undervoltage detector will be enabled. It also trips when
both +12 volts and -12 volts exceed 14.7 volts and provides an
overvoltage protection in addition to that in the main power
supply.

The outputs of the undervoltage detection circuitry are stored in
a status latch and also sent to failure detection circuitry which
detemines if any supply is undervoltage. The status latch indi-
cates which supply failed to reach its operating voltage by
lighting the corresponding LED on the system control panel. At
initial power-on, the status latch and overtemperature latch are
cleared and a fixed time of two seconds is provided to allow the
supplies to settle before PON can go high.

9-22. Overtemperature Shutdown. In the event one of the card-cage
temperature sensors detects an overtemperature condition, the CMP
logs the condition, prints a message on the console screen, and
shuts down the main power supply(s). If the CMP is defective and
does not shut off main power within 2 ms of the overtemperature
indication, the power control PCA will shut off main power (but
without logging or console messages).

Once main power is shut down, the system behaves as if there was
an AC power failure, except that the batteries continue to be
charged and the system fans continue to operate. The operator can
leave the system in this state as long as desired without danger
to the components while room temperature and fan operation are
checked, and makes an necessary calls for a customer engineer.

After the condition has been corrected and the machine cools
down, the operator can turn the main power circuit breaker on the
PCM off, then on, to start the system and resume operation as
though only a short power failure had occurred.
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The CMP SHUTTEST command can be issued at any time to simulate
the CMP shutting down the power supplies as it would on an over-
temperature condition.

9-25. Power Turn-On Sequencing. At initial turn-on, the power
supplies are prevented from turning on for 20 milliseconds. PFW
and PON are low while the DC supply voltages are rising to the
rated values and settling. A minimum of 50 milliseconds after the
input AC line voltage exceeds 189 volts , PFW goes high, and one
to two seconds later PON goes high allowing the system to oper-
ate. (See figure 9-9.)

If the AC line voltage drops below the minimum specification for
longer than 28 milliseconds, PFW will be asserted low activating
a power down sequence. Two milliseconds later, PON goes low and
DC voltages may begin to drop. This two-millisecond peried is
available for system shutdown.

AC —d

VOFF e/

() I —

1) —"

oc ——— XXX XXXXXXS

PFW /

PON /
Seconds 0 05 10 15

Figure 9-9. Functional Timing Diagram

9-23



Power

9-26. Power Distribution PCA's
The power distribution assembly is a sheet metal assembly mounted

Some of the output voltages of the power supply are distributed
through the second power distribution PCA (part no. 30090-60050),
which is edge-connected to the 63909F power supply. This assembly
is mounted securely with five screws on the rear of the power
supply. The +5-volt output from the 63909F power supply is con-
nected directly to the power supply cable.

behind the system control panel. This assembly contains the power
control PCA (part no. 30090-60013) and the main power distribu-
tion PCA (part no. 30090-60012). All DC power for both the main
and extend card cages is provided through this assembly from both
the main and extend power supplies.

9-27. POWER SUPPLY SERVICE INFORMATION

Preventive maintenance and troubleshooting procedures for the
power supply are contained in the following paragraphs. The pre-~
ventive maintenance procedures must be performed on the power
supply at scheduled intervals to prevent or minimize equipment

deterioration.
WARNING

Line voltage of 240 VAC exposed when covers
are removed from the power supply . Use ex-
treme caution when working inside the power
supply. Heed all warning labels,

Use caution when manipulating metal tools or
probes near exposed conductors and terminals.
Extra care should be exercised to prevent the
possibility of shorting the output lines of
the battery pack.
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Serious injury may occur if the following
precautions are not observed:

While the input power is connected, use cau-
tion when working inside the power supply.
Many exposed components and conductors carry
low level DC voltages which are capable of
supplying heavy currents if short-circuited,
resulting in high heat and the possibility
of painful burns. Use caution when manipu-
lating metal tools or probes. Wrist watches,
metal necklaces, bracelets, or rings must
not be worn. Avcid drepping toels, scorews
or other metal objects onto conductors or
PCAs. Remove power and recover dropped
objects at once; if forgotten damage could
result later.

If feasible, before performing any work
inside the power supply turn off system
power switch and unplug the AC power cord
and wait about four minutes to allow all
filter capacitors to discharge.

9-28. Preventive Maintenance

Power

The power supply preventive maintenance consists of measuring the
DC voltages at the test jacks on the power supply front panel and
performing the battery test procedure.

Perform the preventive maintenance procedure as follows:

a.
b.
c.

4.

Remove dust

Check cooling fans operation

Check proper seating of all connectors

Check the DC operating voltages at the power supply

panel.

front
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To gain access to the first power supply, open the rear door of
the electrical mainframe cabinet bay. The power supply is on
slide-out rails for ease of access by removing the four retaining
screws, the power supply may be extended on its rails. In this
position, the power supply top can be removed for maintenance and
testing.

In those systems containing both card cages, the second power
supply is located behind the front door of the electrical main-
frame. This power supply is mounted on sliding rails, however the
unit can be removed and set on the floor in front of the system.

While the power supply is ON, check the cooling fans for proper
operation. Ensure that no objects interfere with fan blade
rotation.

If required, use a vacuum cleaner to remove dust from the pover
supply. Loosen encrusted dust with a soft bristled brush. With
the top cover of the power supply removed, check all connectors
on the PCA's for proper seating.

9-29. Volitage Checks

Measure the six voltages listed in table 9-4 using a digital
voltmeter. If any voltage is out of tolerance, make the necessary
corrective action as described in the following paragraphs.

Perform the voltage checks as follows:
a. Stop any computer programs.

b. Measure the six DC voltages listed in table 9-4. These volt-
ages are available for measurement at the test jacks mounted
on the power supply front panel.

c. Set the oscilloscope for checking AC voltage. Check each of
the six voltages listed in table 9-4 for ripple, for each vol-
tage the indicated ripple should be less than that listed. If
any voltage is not within specified limits make the necessary
repairs.
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Table 9~4. DC Output Voltages

Voltage Min. Max. Ripple
Test Jacks Reading Reading Voltage
+5 Volts +4.9 +5.1 0.05 V p.p.
+12 Volts +11.8 +12.2 0.075V p.p.
-12 Volts ~12.2 -11.8 0.075V p.p.
+5M Volts +5.0 +5.2
+12M Volts +11.86 +12.34
-12M Volts -13.8 -10.2
BATT +16.45 volts
PON approx. +5.0 volts

9-30. Memory Power Supply Adjustments

There are three adjustments for service purposes. One adjustment
is on the memory preregulator PCA , and two are on the memory
Regulator PCA . These adjustments are accessible by removing the
top cover of the power supply unit.

9-31. Preregulator Adjustment. The +16.45 volt (BATT) supply
voltage output is controlled by the memory preregulator adjust-
ment potentiometer R13. (See figure 9-10.) The BATT level will
vary with charge rate and temperature. However, when the battery
is fully charged and stabilized at room temperature, the voltage
is approximately +16.45 volts. Check and adjust the battery vol-
tage as follows:

a. Set the power supply switch to ON and set the processor
switch to ON.

b. Connect the voltmeter between the common terminal test point
(on the front panel) and the BATT TEST jack. While observing
the voltmeter, adjust VOUT potentiometer R10 until the bat-
tery level is approximately +16.45 volts.

¢c. Proceed with the regulator adjustment procedure.
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9-32. Regqulator Adjustments. The +5M, +12M, -12M supply outputs
are controlled by the memory regulator adjustment potentiometers
R27 (+5M ADJ) and R17 (+12M, -12M ADJ) which are located on the
regulator PCA. (See figure 9-11.) If one or more of these volt-
ages are not within specified tolerances (given in table 9-4),
adjust the regulator as follows:

a. Set the power supply switch to ON and the processor switch to
ON.

b. Connect the voltmeter between the common terminal test point
on the power supply front panel and the +5M TEST jack. While
observing the voltmeter, adjust the +5M ADJ potentiometer
until the voltage measures +5.1 volts.

c. VUsing the same common point as the return, connect the other
lead to the +12M TEST jack. While observing the voltmeter,
adjust +12M ADJ potentiometer until the output is +12.1
volts.

d. Connect the positive lead to the -12M TEST 3jack and verify
that the output voltage is within limits as specified in
table 9-4.



Power

HP 31000-80028
[::] LOW BATT ADJ
E]nmm
2-15vM0 [coe]a
2GND
1 23
31645 vDC Oes
45 8
11-146M °oo0 o
2412 oo ol
3-12m
445M 12 3
5GND
8 GND
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9-33. Main Power Supply Adjustments (63909F)

The follow1ng adjustments should be .performed only after replac-
ing the main power supply that is within the power supply unit.
Since the output voltage levels are self-sensing, further adjust-
ments are unnecessary.

The +5, +12, -12 volt supply outputs are adjusted by potentio-
meters that are accessible through the power supply back panel.
Adjust the voltages as follows:

a. Set the power supply switch to ON and the processor switch to
ON.

b. Connect the voltmeter between the common test point on the
power supply front panel and the +5V test jack. While observ-
ing the voltmeter, adjust the +5V ADJ potentiometer (shown in
figure 9-5) until the voltage measures within the limits
specified in table 9-4.

c. Using the same common as a return, connect the positive lead
of the voltmeter to the +12V TEST jack. While observing the
voltmeter, adjust the +12V ADJ potentiometer (shown in figure
9-5) until the voltage is within the 1limits specified
in table 9-4.

d. Using the same common as a return, connect the voltmeter to
the =12V TEST jack and verify that the output is within the
limits specified in table 9-4.

e. Set the power supply switch to OFF and disconnect the
voltmeter.

9-34, Power Control PCA Adjustment

The low line detector adjustment is located on this PCA. To ad-
just the low line detector, proceed as follows:

a. Rotate potentiometer RS6 fully counterclockwise. (See figure
9-12.)

b. With a jumper, connect Test point E2 to ground.

c. Rotate potentiometer R56 clockwise until a system power fail
occurs. The PFW LED will light at this point.

d. Remove the jumper from test point E2. The power fail setting

will cause a power fail to occur at an input voltage of ap~-
proximately 180 volts RMS.
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9-35. Battery Test

The battery test certifies that the backup capability of the mem-
ory power supply is functioning normally. The system should be
halted before performing this test, then proceed as follows:

a. Extend the 30090-60035 power supply unit and remove the top
panel.

b. On the power control module, set the mainbbreaker to OFF.

c. The discharge indicator (red) on the memory preregulator PCA
should 1light and the +12M LED (yellow) on the card cage back-
plane should have stayed lighted.

d. Allow approximately four minutes of discharge time.
e. On the power control module. set the main breaker to the ON.

£. The charge indicator (green) on the memory preregulator PCA
should light.

9.36. Troubleshooting

Power supply operation is monitored at the system control panel.
When a failure occurs, observe the LED's for either the main or
extend power supply and proceed with troubleshooting the failure
mode indicated by the status of the LED's. Some common failure
modes associated with the power supply unit are:

Mode One: The main power supply output level is low or zero (+12V
LED located on card-cage backplane is off). The power supply
voltages should first be measured at the test points provided on
the power supply front panel. There are three different possible
conditions which can cause this failure, as follows:

a. System PCA Overloading. Turn system power off and pull all
PCAs from the affected card cage except the CPU processor PCA
(for proper operation a small load must be maintained on the
main power supply). Turn system power on and check voltages.
If the voltage recovers, one of the removed PCAs is causing
the overload, or the main power supply is incapable of provid-
ing the needed load current. Reinstall the PCAs, one at a
time, and note voltages. However, if the power supply is
still not functioning after removing all PCAs it may indicate
that either the CPU processor PCA, or that the power supply is
defective.

9-33



Power

b.

Main Power Output Sags. If the voltage levels sag (drops to
0.1 volt) each time some new component is added, the power
supply should be changed.

Main Power Supply Output Zero. Power supply defective.

Mode Two: The memory power supply level is low or zero (+12M LED
located on card-cage backplane is off). This problem can be
caused by one of three conditions:

a. Memory P/S Overload. Turn system power off (including battery

power) and remove all memory array PCAs from effected card
cage. Then on the card cage backplane place the memory load
switch to the NO MEM position and turn power back on. At this
time the voltage levels of the memory power supply do not re-
spond normally (allowing 10 seconds after power on) the trou-
ble may be within the power supply unit (memory power supply).

If the memory supply did respond properly (output levels with-
in ranges), this indicates a PCA caused the overload. Start
reinstalling, one at a time, (power off and on each time) each
PCA to see which is causing overload.

NOTE

After reinstalling first PCA the memory
load switch located on backplane should be
switched to MEM position.

The output of the preregulator should be within the specified
limits of +16.45 volts to +14,30 volts at 23 degrees C. If
the output voltage is considerably below that range (example
+10 volts), the possible causes are a) defective preregulator
PCA, b) battery temperature sense thermister, c) Battery pack.

If output of Preregulator is within specified limits and

output voltages of memory power supply are still outside
adjustable limits the memory regulator should be replaced.
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Series 40 Supplement

10-1. INTRODUCTION

This section describes the HP 3000 Series 40 Computer System.
The Series 40 is functionally the same as the Series 44, with the
chief difference being that the Series 40 is housed in a smaller
cabinet than the Series 44. This restricts the Series 40 to fewer
PCA's than that for the Series 44, thereby reducing the I/0 and
memory capacity. Also, the power supply is modified somewhat from
that in the Series 44. This section explains only that which is
different from the Series 44. Where functions are the same in
both systems, references are made to the appropriate sections for
descriptive information.

10-2. GENERAL SPECIFICATIONS

These models are the processing unit for the HP 3000 Series 40
Computer System. The processing unit is designed to use most of
the available PCA set that is used in the Series 44 and the main-
frame design is that of the Series 30. It operates with IMB
version of the MPE Iv operating system. The standard
configuration of the processing unit includes the following:

A CPU set which consists of the CTL, ALU, and the PCS ( which
includes microcode extensions for COBOL, decimal, and four-word
Floating Point).

One CMP

Up to four 256 kbytes memory arrays; up to two 1 Mbytes memory
arrays

Two General I/O Channels (GIC)

One Asynchronous Data Communications Channel-Main (ADCC-M)
ordered separately
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10.3. Processor Specifications

Word Length

Number of Instructions
Microinstruction Cycle Time
Physical Address Space
Maximum Code Segment Size
Maximum Data Segment Size

Maximum Number of User
Code Segments

Maximum Number of User
Data Segments

Decimal Precision

Real-Time Clock Resolution

10-4. Memory Specifications

Word Length

Error Detection
Error Correction

Memory Array Module Size

Maximum Number of Memory Array

Modules
Read Access Time
Cycle Time -~ Read/Write

Minimum Battery Backup Time

SEPT 1981

Series 40 Supplement

16 bits
195

105 ns

16 Mbytes
16 kwords
32 kwords

63

256

28 digits

1l ms

32 data bits plus

7 error detections and
correction bits

2 bits per 39-bit word
1l bit per 39-bit word

256 kbyte (16k RAM)
1 Mbyte (64k RAM)

4-256 kbytes; 2-1 Mbytes

300 ns (ADO to DDN)
417/543 ns
30 minutes @ 20-30 deg C
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10-5. 1/O Specifications
Maximum No. of I/0 slots 13

General I/O Channel (GiC) Specifications:

Maximum No. of GIC's per System 4

Maximum No. of Device Loads per GIC 8

Maximum Data Transfer Rate 980 kbytes/s

Maximum Cable Length per GIC 7 m plus 1 m/device load
{(includes all internal
cabling.)

Asynchronous Data Communication Channel (ADCC) Specifications:

RS~-232-C Ports per Channel 8 (4 on ADCC Main and

4 on ADCC Extend)
Maximum Number of Ports per System 32 (uses 8 I/0 slots)
Data Transfer Rates 50, 75, 110, 134.5, 150,

200, 300, 600, 1200, 1800,
2400, 4800, 9600 Baud

Maximum RS-232-C Cable Length 30 m
per Port

10-5. SYSTEM CONTROL PANEL

The system control panel mounts within the bezel at the top of
the processor cabinet. The left half of the panel contains the
system nameplate and the POWER and REMOTE LED's exposed through
the nameplate. The right half of the panel (figure 10-1) contains
the remaining controls and indicators, and is concealed behind an
unlockable door. Desired security levels are selected with a
key-operated switch.

The system control panel is intended for use by both the customer

and HP customer engineer. The key-operated switch selects the
degree of security desired for the panel and the system console.
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—————————= SYSTEM CONTROL PANEL ECURITY LEVELS—=,

START DUMP LOAD
CTRL ON
CTRL ON MAINT ON
O O CHLDEV CHL DEV CHL DEV.
DiscvoL
SECURE CcTAL ON

" n 91 MAINT ON
ACTIVITY  BATTERY REMOTE ON

ALT

047018-99

Figure 10-1. System Control Panel

10-6. Panel Controls

The panel controls perform the functions as described in the
following:

RUN

This is a momentary switch that causes the CPU to enter
the run state from a halt state. There is no response
when the CPU is already in the run state.

HALT
This is a momentary switch that causes the CPU to halt. When
the CPU is already halted, no response is given.

LOAD, START, and DUMP

These are momentary switches that gate the selected channel
and device numbers out on the channel and device lines to the
CPU.

CHANNEL and DEVICE

Three sets of thumbwheel switches are associated with the
load, start, and dump functions. The switches select the
channel and device numbers for each function. The number wheel
for each channel switch is marked 4 through 11. The
corresponding BCD levels sent to the CPU will be O through 7.
The CPU adds four to the channel number so that the result
will be the same as the switch marking. The device number
switches are marked 0 through 7 and their corresponding
outputs are § through 7.
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e DISC VOL(Volume)
This switch selects the normal or alternate disc. For all
currently supported discs, the switch should be in the
NORM position. ALT selects Volume 1.

10-3. Panel Indicators
The panel indicators are described as follows:

e POWER
This is a yellow LED which is driven by a signal derived from
the PON signal. This indicates that the power supplies are on
and AC line is up. The indicator is located in the nameplate.

e REMOTE CONSOLE
This is a yellow LED that is lit when the security switch is
set to enable the use of a remote console. It is located in
the nameplate.

e RUN
This a yellow LED that is 1it when the CPU is in the run
state.

e HALT

This a red LED that lights when the CPU is halted.

e ACTIVITY
This is a yellow LED that lights when the ADO signal from the
CPU is active. It provides a visual indication of CPU
activity.

e BATTERY
This is a red LED that lights when a power failure occurs and
memory-is being sustained by the backup battery.
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10-7. Security Switch

The security switch is key-operated and provides four levels of
security. Table 10-1 shows which functions are enabled in each
position of the security switch,

Table 10-1. Security Switch Functions

Panel and Console Functions
Security
Switch START DUMP RUN LOAD HALT IOMAP SELF DISPLAY REMOTE
Position TEST ENABLE

SECURE - - - - - - - - -
CRTL ON X X X X x X X - -

CTRL ON X X X X X X
MAINT ON

=
"
1

CTRL ON
MAINT ON X X X X X X X X X
REMOTE ON

' indiiﬁ:as that f ti s bled

10-8. SYSTEM OVERVIEW
The functional operation of the Series 40 is the same as that for

the Series 44, Refer to Section III of this manual for a
description of the Series 44.

10-9. CENTRAL PROCESSOR UNIT
The Series 490 Central Processor Unit (CPU) is the same as that

for the Series 44. Refer to Section III of this manual for a
description of Series 44.

10-10. CONTROL AND MAINTENANCE PROCESSOR
The Series 40 uses the same contrdl and maintenance processor

(CMP) as that used in the Series 44. Refer to Section V for a
description of the CMP,
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10-11. MEMORY SUBSYSTEM

The memory and associated controller in the Series 40 is the same
as that used in the Series 44. The only difference is that the
Series 40 can have only one controller and up to four 256 kbytes
memory arrays or two 1 Mbytes memory arrays. Refer to Section VI
for a description of the memory subsystem.

10-12. 1/0 SYSTEM

The I/0 system in the Series 40 is the same as in the Series 44.
Refer to Section VII for a description of the I/0 system.
Channel limitations for the Series 40 are given in paragraph 10-5
of this section describing I/0 specifications.

10-13. ASYNCHRONOUS DATA COMMUNICATION CHANNEL

The asynchronous data communication channel (ADCC) used in the
Series 40 is the same as that used in the Series 44. Refer to
Section VIII for a description of the ADCC.

10-14. CONFIGURATION INFORMATION

10-15. Card Cage Configuration Rules
The following rules apply to all Series 40 systems:

l. The first memory array PCA must be installed in slot 1
and the memory controller in slot 5 to prevent the memory
front-plane cable from hanging free,

2. The CMP is installed in slot 6, and the PCS, ALU, and CTL
PCA's are installed in slots 7, 9, and 11, respectively, to
provide for adequate cooling. No PCA's are to be installed in
slots, 8, 10, 12. The ALU and CTL PCA's must be positioned
adjacent to one another to allow installation of the
front-plane flat cable.

3. The first ADCC MAIN must be installed in slot 13 so that it

can be reached by the CMP cable. Slot 14 is reserved for
ADCC-Extend.
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4. The ADCC MAIN and ADCC EXTEND PCA's must be installed in
adjacent slots to allow interconnection.

5. The first GIC must be installed.
(such as another GIC) is installed in the higher priority
slot 15.

6. Internal HP-IB devices such as INP's or printer interfaces
must be installed adjacent to their controlling GIC. This
allows the internal HP-IB flat cable to connect to these
PCA's without passing over other PCA's,

7. The GIC used for the system disc(s) may also be used for
internal devices only. Additional external HP-IB devices,
such as printers, must be connected to a separate GIC to
avoid compromising the total system ESD susceptibiliy.

10-16. Sample Card-Cage Configuration

The following provides a sample card cage configuraticen for
the Series 40:

Slot

No. PCA

1 Memory Array (0-256 kbytes) or (0-1 Mbytes)

2 Memory Array (256-512 kbytes) or (1-2 Mbytes)

3 Memory Array {512-768 kbytes)

4 Memory Array {(768-1024 kbytes)

5 Memory Controller

6 CMP

7 PCS

8 (empty)

9 ALU

10 {empty)

11 CTL

12 (empty)

13 ADCC-Main (CH 1)

14 ADCC-Extend

15 GIC (CH 1ll) to disc controllers (2 max.) and to
internal peripherals

16 INP

17 INP

18 GIC (CH 9) to magnetic tape (1 master and 3 slaves)

19 GIC (CH 10) to 2nd magnetic tape or external
peripherals

290 Printer Interface

21 ADCC-Main (CH 2)

22 ADCC~-Extend

23 ADCC-Main (CH 3)

24 ADCC-Extend

25 ADCC-Main (CH 4) or GIC (CH 13) to HP 2680A Printer
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10-17. INPUT AC POWER

The power supply unit is capable of operating at one of four
primary voltages. These values, with operating tolerances and
voltage limits are as follows:

Nominal Specified Voltage (RMS) Limits
Voltage Tolerance Upper Lower
100* +8%, -10% 108 90
120 +5%, -10% 126 108
220 +5%, -10% 231 198
2490 +4%, -10% 250 216

* Requires hardware modification to Power Control PCA.

The input voltage range is selected by three toggle switches on
the top front of the unit, which are labeled as shown below:

Switch Sl S2 S3
Position 1 100/220 220/240 220/2490
Position 2 129/2490 100/120 100/120

CAUTION

Switches S2 and S3 must be in the same po-
sition or serious circuit failure may
occur.

Fuse Fl is a 3-ampere slow-blow and fuse F2 is a 1l5-ampere
normal-blow which are used for the 100/120-VAC rages. (See
figure 10-2.) When the 220/240-VAC ranges are used, Fuse Fl
must be changed to a l.5-ampere slow-blow, and fuse F2 must be an
8-ampere normal-blow.

10-18. Line Current and Power

The input line current and power for each of the voltage ranges
are given as follows:

Voltage Current (RMS) VA Power
(VAC) (amperes) (E x I) (watts)
190 9.65 965 810
120 8.15 9890 810
2290 4.45 978 775
240 4.10 983 775
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10-19. Turn-on inrush Current

At turn-on, the maximum peak inrush current is 100 anmperes,
decaying to 20 amperes with a time constant of less than 50
milliseconds.,

10-20. Input Primary Circuit Functional Description

Primary AC input power enters the power unit at the power
receptacle on the rear of .the unit and connects to the line
filter PCA. (See figure 10-2.) Power then connects from
the 1line filter to rotary POWER ON/OFF switch S4. The line and
neutral wires connect through the switch., From the switch, the
AC line connects through fuse F2 to the 63909F power supply and
to the pimary of transformer Tl through fuse Fl.

The voltage range to the 63909F main power supply is selected by
switch S2. In the 100/120-volt position, terminals El and E2 on
the main power supply are connected together. Continuity should
be checked to verify correct switch wiring. With switch S2 in the
100/120-volt position, E2 will show connection to to El, and E3
is open. When switch S2 is in the 228/240-volt position, El will
be open and E3 will be connected to E2.

CAUTION
Remove any straps that may exist on the
main power supply terminal block to pre-
vent damage to the power supply.

The voltage ranges for transformer Tl are selected by switch 83
which connects the primary windings in parallel for 100/120-volt
operation, or in series for 220/240-volt operation. Switch Sl
connects the 1line to a lower tap on one of the primary windings
to step up secondary voltage slightly for 100- and 220-volt
inputs. Fuse Fl protects the transformer from short circuits in
the secondary winding.
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Figure 10-2. Power Supply Block Diagram
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10-21. POWER SUPPLY UNIT

The power supply unit (part no. 30170-60009) contains the 63909F
main power supply, and the memory supply with battery backup. The
unit provides DC power to the processor backplane. The main power
supply provides +5 V, +12V¥, and =12V, The 60-watt memory supply,
with battery backup, provides the memory voltages +5M, +12M, and
-12M.

10-22. Main Power Supply

The 63909F main power supply is a switching-regulator type
supply, providing three different DC voltage outputs to the
processor. These voltages are +5 volts, +12 volts, and -12 volts.
The maximum currents available from each of the output voltages
are 85A, B5A, and 5A, respectively. The total output power
limitation is 545 watts over the temperature range of 0 to 40
degrees C. Remote voltage sensing is used for all outputs to the
processor backplane. The remote sensing of all three output
voltages is necessary in order to maintain good voltage
regulation at the load by reducing the degredation that would
occur due to the voltage drop in the cables between the power
supply and the backplane.

10-23. Protection Features

Current limits are on the +5-volt, +12-volt, and -l2-volt outputs
to protect the power supply. Undervoltage and overvoltage
detectors on the regulated outputs shut down the supply in case
of an output fault or improper voltage setting. To restart from
a shutdown, the input AC voltage must be cycled off and then on.

10-24. Voltage Adjustments

Voltages are adjusted by the power supply front panel controls.
A load is unnecessary to adjust the voltages. The +5 volts is
adjusted by the Vi VOLTAGE ADJ potentiometer. The +12 volts and
-12 volts are adjusted by the V2,V3 VOLTAGES ADJ potentiometer.
The +12-volt output is slaved to the -12-volt output; therefore,
adjust the +12-volt output to exactly +12.9 volts. The -12-volt
output should be within +/-0.25 volt of its nominal value.
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10-25. MEMORY SUPPLY

The memory supply consists of the Memory Prerequlator PCA, a
14-volt, 7-cell, lead-acid battery pack, and a Memory Regulator
PCA. Input power is received from the 25 VAC winding on
transformer Tl. This voltage is full-wave rectifer and filtered
to produce 32 VDC input to the Preregulator at the nominal rated
line voltage. The output voltages are listed below:

Voltage Voltage Range Ripple
(VDC) (VDdC) (mV p-p)
+5M +4.95 to +5.15 100
+12M +11.9 to +12.1 100
~-12M Unregulated 150

During normal operation, the memory voltages are supplied by the
Memory Preregulator and Memory Regulator PCA's. Battery backup
sustains these voltages during power line failures,

10-26. Memory Prersgulator

The Memory Preregulator assembly is a switching regulator that
operates in the current source mode to charge the battery at
approximately 600 mA maximum and provide power to the Memory
Regulator. The Preregulaor output voltage is determined by the
state of the charge and temperature of the battery. A thermistor
in contact with the battery monitors battery temperature and
adjusts the output of the preregulator. When the battery reaches
full charge at any given temperature, the voltage limit mode
dominates , and the charge current is reduced to a very low
level.

10-27. Battery Pack

The battery pack is a l4-volt, 7-cell, lead-acid battery. Maximum
charge time for a discharged battery is 24 hours. If a power
interruption occurs, the battery (when fully charged) will
sustain memory voltages for the following times:

One 256 kByte Memory Array - - 0.5+ hours

Two 256 kByte Memory Arrays - 0.5+ hours
Four 256 kByte Memory Arrays - 5.5 hour

10-16 SEPT 1981



Series 40 Supplement

10-28. Memory Regulator

The memory regulator has a series regulator for the +12M output
and a switching regulator for the +5M and -12M outputs. Operation
of the regulator is the same whether the input power is obtained
from the battery pack or from the preregulator. Also, the
regulator contains circuitry for overvoltage and undervoltage
sensing, overcurrent protection, and voltage sequencing for the
memory supply. The memory regulator is connected to the positive
battery terminal and ground, therefore, it sees the same voltage
as the battery charge voltage from the memory preregulator.

Battery cutoff circuitry on the memory regulator is used to sense
battery voltage and shut the memory supply down when the battery
reaches the minimum allowable discharge level of +12.5 volts.
During standby operation from the battery, the battery voltage is
sensed and if it falls below +12.5 volts, the memory regulator is
shut down. This is necessary to prevent deep discharge damage to
the battery. If the battery is fully charged to +12.5 volts, it
takes a maximum of 16 hours to recharge. The system can operate
normally if the AC input line voltage is at the rated level even
though the battery may be discharged.

In the memory regulator circuitry, there is approximately 2 volts
of hystersis between the charge and discharge voltage levels of
the battery. When power fails, the memory preregulator no longer
powers the memory regulator, and power is obtained from the
battery. When the battery voltage decreases to +12.5 volts, the
memory supply is turned off. With the memory supply turned off,
the battery will recover, partly rising to less than +14 volts.
Several ON-OFF cycles of the Discharge and Charge LED's may occur
before the battery is fully discharged. The memory supply will
remain off wuntil the AC line voltage is applied and the battery
voltage rises above the upper hysteresis limit of +14 volts.

10-29. Memory Power Supply Voltage Sequencing
The memory supply contains circuitry that is designed to bring up
the +5M and -12M voltages before the +12M. The +12M is held at

zero volt until the -12M supply exceeds approximately -9 volts.
This prevents damage to the RAM chips.
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10-30. Memory Power Supply Switch

The positive output voltages of the preregulator and battery is
switched by the fourth section of the main power switch so that
the battery is disconnected when the systen power is switched
off. This section of the main power switch is used only as a
switch, therefore, it will not trip if a high current overload
occurs. The battery maintains the input voltage to the memory
regulator only when the switch is on and the input 1line voltage
is below the required minimum,

NOTE

If the computer system is turned off from
a wall panel circuit breaker in the main
input power line, the battery will con-
tinue to power the memory until it is dis-
charged. The system must be turned on and
off with the processor's main power
switch. Continued discharge of the battery
reduces battery life.

10-31. POWER CONTROL
10-32. General Description

The power control PCA disables system operation when the input AC
line voltage is too low, and shuts down the main power supply if
a DC undervoltage fault occurs.

Two signals are connected to the backplane which provide power
status information to the system. These are high true Power On
(PONH) and low-true Power Fail Warning (PFWL). When PONH is low,
it 1is wused by the system for hardware reset and initialization.
When true, PONH indicates that the power 1is in the normal
operating range and the power supply voltages are up. PWFL is a
power status signal that alerts the system of an impending power
failure before the output voltages actually go down. The CPU
uses this signal to initiate an orderly system shut-down. Figure
10-3 depicts the timing sequence of these signals.

The remote disable signal RMTL from the power control to the main
power supply is asserted low to shut off all DC outputs if the AC
line is too low or if a DC output undervoltage fault occurs on
+5v, +12v, or =12V,
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Figure 10-3. Power And System Turn-on Sequence
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10-33. Operation

The AC low-line detector has two Scmitt triggers that detect the
peaks of the line voltage waveform. These trigger on each half-
cycle of the waveform and are referred to as VON and VOFF. VON
triggers at 90 percent of peak voltage to turn the system on, and
VOFF triggers at approximately 85 percent. Input levels that fail
to trigger VOFF cause the system to be turned off. The 5 percent
difference between VON and VOFF provides hysteresis between the
turn-on and turn-off levels.

The hysteresis provided by the two low-line detector levels is
needed to prevent a turn-off-turn-on type of oscillating
condition. When PONH goes low as in a partial AC power failure,
the system is turned off. This turn-off condition reduces the
load on the main power supply at the time it being turned off,
and subsequently allows the 1line voltage to rise slightly. If
there was only one 1low-line detection level, this rise
would be enough for an attempted system restart and later
drop again from system loading. An oscillating condition of
attempted restarts and power fail shutdowns would result.

At inital turn-on the two signals to the system (PFWL and PONH)
are low, and the disable signal RMTL to the main power supply is
low true., Thus, the DC outputs are initially disabled wuntil the
AC line voltage is up to more than 90 percent of its rated value,
which triggers VON. Then the main power supply is enabled by the
releasing of the RMTL signal to the high state. If the line
voltage remains above the VON level with the added load of the
main power supply on, PFWL goes high, and about 2 seconds later,
PONH goes high, allowing system operation to begin.

Continuous normal operation is allowed as long as the input AC
line voltage remains above the lower low-line detector level
VOFF. If the line drops below VOFF for 27 ms or longer, PFWL is
asserted low, and a minimum of 2 ms later PONH also goes low to
indicate to the system that the DC voltages may be going down.
The AC line voltage must return to above the higher level of VON
to restart system operation. If the line wvoltage remains below
the VOFF level for about 37 ms or longer, the main power supply
is disabled by the RMTL going low. The line voltage must return
to above VON for the main power supply to be turned on. Figure
10-4 depicts the power fail and turn-on sequence.
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Figure 10-4. AC Power Failure Sequence
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10-34. PROTECTION CIRCUITRY AND SWITCH RESETS
10-35. Replaceable Fuses

The following is a list of replaceable fuses in the power supply:

Fuse Location Rating
F1l Adjacent to three toggle 3A slo-blo for
switches on top-front 100/120 VAC;
of power supply. 1.54 slo-blo for]

220/240 vaC
F2 1SA normal-blo
for 100/120 VAC;
8A normal-blo
for 220/240 VAC
Fl Memory Preregulator PCA 8A normal-blo

Fl Inside battery pack 20A normal-blo

10-36. Protction Circuitry

Table 10-2 lists the protection circuits and the required reset
for a particular type of system fault.
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Table 10~2. Protection Circuitry Summary

Supply Device Type of Protection Type of
Measured Pro- Protection Circuitry Reset
tected (location) Required
AC System | Main Ckt Bkr Trips at I > 12A| Turn Ckt
Input Main- (frnt pnl of for 100/120 or I | Bkr on.
Current frame mainframe) > 6A for 220/240
AC Xfmr Fuse Fl 3A slo-blow for Replace
Input Tl (Beside S1, 160/120; Fuse
Current $2, S83) 1.5A slo-blow
for 220/2490.
. Blows before
Ckt Bkr trips.
AC Main Low Voltage Shuts off Power None.
input Power Detectors Supply when AC When AC
Under- Supply (Power Cntrl input is less input
voltage PCA) than required > low
minimum limit,
system
turns on.
+5 Power Internal Shuts off Power Replace
+12 Supply fuses Supply Power
-12 (Inside Power Supply
-49 Supply)
Current
+5 Power Current Power Supply is Turn off
+12 Supply Overload shut off if Ckt BKkr;
-12 in system excessive no wait
Current (inside current load on required;
Power Supply) +5, +12, or -12 turn on.
Ckt Bkr.
+5 Power Crowbar- Output voltages Turn off
+12 Supply Overload clamped to zero Ckt Bkr;
-12 (inside Power if any exceeds wait 15
Over=- Supply) high limit. seconds;
voltage turn on
Ckt. Bkr.
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Table 10-2. Protection Circuitry Summary (Continued)

Supply Device Type of Protection Type of
Measured Pro- Protection Circuitry Reset
tected (location) Required
Power Power Temperature Turns off all Self-
Supply Supply thermosat outputs from restoring
Over- (inside Power Power Supply if if heat
Temp Supply) there is heat overload
overload. corrected
+12 Power Fuse Fl SA normal-blow Replace
Current Supply (Power Dist. protects +12 on fuse
PCA) backplane.
~12 Power Fuse F2 SA normal-blow Replace
Current Supply (Power Dist. protects -12 on fuse
PCA) backplane.
-40 Power Fuse F3 3/4A normal-blow | Replace
Current Supply (Power Dist. protects -40 fuse
PCA)
Memory Memory Fuse Fl 8A normal-blow Replace
Prereg. Prereg. | (Memory Memory Prereg. fuse
output PCA Prereg. output voltage
voltage PCA) >19 volts causes
fuse to blow.
+5M Memory Crowbar- All Memory Turn off
+12M Power overvoltage output voltages Ckt Bkr:
Qver- Supply (Memory clamped to zero wait 15
voltage Regulator if output seconds;
PCA) voltage exceeds turn on
Note; =12M is high limit, Ckt Bkr.
Not sensed.
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Table 10-2. Protection Circuitry Summary {Continued)

Supply Device Type of Protection Type of
Measured Pro- Protection Circuitry Reset
tected (location) Required
+5M Memory Crowbar- All Memory Turn off
+12M Power current output voltages Ckt Bkr;
-12M Supply overload clamped to zero | wait 15
Current (Memory if output seconds;
Regulator current exceeds turn on
PCA) high limit. Ckt BKr.
Battery Battery |Cutoff All Memory Recharge
Voltage Pack circuitry output voltages battery
Dis- {(Memory reduces to zero
charge Regulater if battery pack
PCA) voltage drops
| below +12.5
volts.
Battery Battery | Fuse Fl 20A normal-blow Replace
Voltage Pack (inside protects battery| fuse
No- battery for shorts or
voltage Pack) overload.
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10-37. SERVICE
10-38. Test Lights

10-39. Charge/Discharge Indicators, Two LED's are incorporated
on the memory pregulator PCA to indicate proper operation of the
charge circuitry or warn of the memory backup battery discharging
into the load. These indicators are visible through the bottom
empty slot to the left of slot 1.

The green LED indicates charging current and is brightest when
charging current is maximum, and dims as the battery reaches full
charge.

The red LED indicates that the battery is discharging and
supplying current to the 1load. Also, if fuse Fl (next to the
voltage select switches) or fuse Fl on the memory preregulator
PCA blows, or any other condition occurs where the battery is
discharging, this LED will light.

Both LED's are off during normal operation with a fully charged
battery.

10-40. Backplane LED's. There are five LED's mounted on the
lower 1left of the backplane and are visible from the rear of the
the mainframe. The +12 and +12M LED's are the only indicators for
the DC voltages on the power supply unit. The following shows the
function of each of the five LED's for normal conditions during
startup, operation, and shutdown (the LED's are listed in the
order of physical location):

Name Startup Operation Shutdown
+12 1 1 X
PFWL * [t} *
PONH * 0 *
not used 4] 0 9
+12M 1 1 X
1 = on
0 = off
* = momentarily on then turns off
X = on then off

10-26 SEPT 1981



Series 40 Supplement

The PFWL and PONH LED's turn on momentarily and then go off when
the system power is turned on, and the system initialization
and operation are normal. If PONH remains on after power is
turned on, the system did not initialize properly. If system AC
power input goes below the acceptable input value (low-line),
both LED's will turn on until the system is automatically turned
off by the low-line detectors on the power control PCA. The LED's
will then turn off.

10-41. Self-Test

Forcing a PFW-PON cycle tests the system software shutdown.
To force a PFW-PON without turning off the entire system, test
pad 7 on the power control PCA may be momentarily grounded. This
action affects only the Power Fail Warning circuitry just as
a very short duration (half cycle) power failure would.

10-42. Low-Line Detector Test and Adiustment
NOTE

If switches 81, S2, and S3 are set for 100
VAC, measure the input veoltage before pro-
ceeding. The value should be within one
percent of the specified voltage set by
the switches. If not, a Variac must be
used on the input line voltages to obtain
100 VAC to prevent the low-line threshold
from being set 1lower than the required
minimum input voltage., For the 100 VAC
setting, check the power control PCA to
ensure that resistor R23 is 12lkilohms and
R21 is 99.9kilohms.

To adjust the low-line detector, short test point El on the power
control PCA to ground and adjust potentiometer Rl clockwise until
the PONH and PFWL LED's turn on. This indicates a system power
fail. Remove the ground jumper from test point El. The LED's will
then turn off and the setting will be approximately 10 percent
below the AC line voltage.
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10-43. ADJUSTMENTS

There are two adjustments provided for the main power supply and
one for the memory power supply. Potentiometer adjusts the +5V
and the other adjusts both the +12V and -12V. The memory power
supply adjustment is available for +5M.

To adjust the main power supply voltages, proceed as follows:
a. Remove the lower front panel of the processor cabinet.

b. On the backplane, connect the voltmeter to the +5V test
point. Adjust the V1 potentiometer to obtain a meter
reading of +4.990 to +5.010 volts.

c. Connect the voltmeter to the +12V test point on the
backplane. Adjust the +12 VOLT potentiometer to obtain a
meter reading of +12.00 volts. Measure the -12V test point
and check that the voltage is within -12.250 to ~-11.7590
volts.

NOTE

The V1, V2, and -12 I limit are preadjust-
ed at the factory. Since special test set-
ups are required, do not attempt to make
these adjustments.
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