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A modular family
of minicomputers

A true family of minicomputers, the

HP 21MX Series features a choice of
semiconductor memory systems, user
microprogrammable processors, and
customized instruction sets. Indepen-
dent selections of a HP21-M processar, a
HP21-X memary system, and common
firmware enhancementis define a specific
computer configuration.

Advanced modular design eliminates
the usual series of compromises be-
tween memoery expansion and 1/0
configuration. Maximum expansion of
memory, 1/0, and firmware within a
given mainframe are individually deter-
mined and not interdependent. In each
case the M Series processor totally
encases the control processor, control
store, memory system, power system,
1/0 section, and front pane!.

Initially, the 21MX Series includes two
distinct micropregrammable processors
and two distinct semiconductor memaory
systems:

* The HP 21-M/10 processor is only
5% inches high, and has capacity for
2 memory moduies and 4 fully pow-
ered 1/Q channeis.

* The HP 21-M/20 processor is 8%
inches high, can accommedate four
semiconductor memory modules, and
has nine fully powered /0 channels.

* The HP 21-X/1 semicorductor mem-
ory system is designed with high
density 16-pin MOS memary compo-
nents. Itis offered in both 8,192 16-bit
word, and 16,384 18-bit word modules.

* The HP 21-X/2 semiconductor mem-
Gry system is designed with a 22-pin
MOS memory component and offered
in 4,096 word and 8,192 word modules.
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The power system designed into the
21MX Series minicomputers is unique

in its ability to function in substandard
electrical corditions, Line voltages can
fluctuate up or down 20%, and line
frequency may vary from 47.5 to 66 hertz
without danger of having to initiate a
power fail routine. Even in the event of

a total line failure, the power system
allows up to 500 microseconds to proc-
ess a power fail routine. The Power Fail
Recovery system will sustain the integrity
of a 32K ward memory system for at
least two hours.

A portion of the control store section

of the M Series processor emulates
earlier Hewlett-Packard minicomputers,
assuring that systems and programs
written for more than 9,000 minicom-
puters will run en the new HP 21 MX
Series minicomputers,



Control Processor

The heart of a 21MX Series minicom-
puter is a powerful 24 bit microprogram-
mable processor. The processer provides
a powerful 128 word instruction set,
seventeen high-speed general purpose
registers, two index registers, and two
accumulators. The control processor
memory, or Control Store, is addressable
to 4,096 words of Read Only Memory
(ROM). The Control Store is used to
define the standard instructian set,
opticnal instruction set enhancements
supplied by Hewlett-Packard, and user
written routines or instructions.

The Contro! Store addressing space is
logically divided into 16 sections, num-
bered 0 thru 15. Each of these sections
represents a 256 word ROM module. 1n
the standard configuration of the proc-
essor, sections 0,1, 14, and 15 are

used for the regular instructions, includ-
ing floating point instructions. Sections
2 thru 11 will be used for optional en-
nancements developea by HP, o, if
those enhancements are not needed for
your application, you may utilize the
sections for your own routines. Ne
Hewlett-Packard supplied capabilities
will occupy modules 12 and 13, thereby
assuring those modules can always be
dedicated 1o your individual system.

Control Store Layout

Bt A1

The programmer has complete control Hewlett-Packard has utilized this control
of the processor by directing data from processor and memory to implement a
all 19 registers and two accumulators powerful standard instruction set. The
onto the S-Bus of the processor and HP 21MX Series has 128 instructions
into the Arithmetic Logic Unit or mem- standard, including:

ory. From the ALU, the programmer
directs his data into the registers along
the T-Bus. The simplicity of micro-
programming allows complete control * the register reference group
of the processor to quickly and efficiently e the 1/0 group

solve your application needs.

» the floating paint group
* the memory reference group

» the extended arithmetic group
» the indexed group
« the data communications group



ory uses low capagcitance (5 picofarads)
TTL compatible cliock inputs and is
extremely tolerant of noisy environments,

The X/2 memory system is designed
for price sensitive applications where
memaory density Is less important. It is
based on a 4096 bit MOS memory chip
ina 22 pin ceramic package. The
HP21.X/2 memory system cycle time
is 650 nanoseconds. The memory com-
ponent uses a single low capacitance,
TTL campatible clock input,

MOS memory greatly reduces the power
requirements of the 21MX Seriss mini-
computers. This allows a more versatile
power module to be designed into the
computer and, at the same time, allows
more power for 1/C devices at no in-
crease in cost. The active power require-
ment for a X/1 memory chip is under
100 mW per hit. Standby power is under
2.5 mW per bit. The X/2 requires

100 mW and .5 mW per bit respectively.
Because of the power requirements of
the memaory, the computer has signifi-

cantly lower heat dissipation, This results
in reduced energy consumption and
more flexibility in system design for
ceoling and packaging.

Memory Protect

Memory protect is available for usein
the M/20 processor. It protects the
integrity of operating systems against
accidental modifications. Memory pro-
tect sets up a fence which divides
memory space into two segments,
separating the operating system from
user programs. If any part of a user
program seeks to modify system space,
the system interrupts and takes control.
This is a necessity for many real time
environments, and other highly inter-
active systems,

Dual Channel Port Controller

Beyond the usual DMA, a dual channe!
memcry port controller connects any twa
peripherals, under program control,
directly to the memory system. The con-
treller contains contral logic, memacry
address, and word count registers not
containec in the direct memory access
(DMA) facilities commonly found in
other computers. All Hewlett-Packard
device interfaces include the ability to
use the dual-channel controlier at no
extra charge. The controiler is dynami-
cally assignable under program contro!
ta any two 1/0 device channels simul-
tanecusly. Transfer Rate; 616,666
words per second. Block Size: 1 to
32,768 words.



Unique Power Systems

@
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Because OEM systems often must
perform in rugged environments, of
particular concern to you is the electrical
power supplied to your system, Hewlett-
Packard has designed into the HP 21-M
Series processors power modules which
can cope with today’s wide range of
power fluctuaticns and brownouts. If
the power line should fail for as long as
two cycles, Hewlett-Packard’s new
minicomputers will continue to operate
normally. Many minicomputers go

into power fail routine with the loss of a
single power cycle. Great tolerance has
been provided for unusual power con-
ditions. Specified performance is main-
tained even if line voltage drops to 88
(as low as 176 in 230V connections).
Line frequency may vary from 47.510

66 Hz. Power system efficiency is above
70%. The usual M/10 configuration
consumes less than 300 watts; typical
for the HP21-M/20 is 400 watts. This is
real security and performance for
today's OEM applications.

= Ling Voltage:
110V or 220V AC ( =20%],
single phase
« Line Frequency:
47.5 to 66 Hertz
« Power Consumption:
M/10: 400 Watts maximum
M/20: 525 Watts maximum
* Cycle Loss Toleration:

Memory wil! be sustained through
10 cycles

Power available for 1/0 Interfaces*

Supply M/10 M/20
+12v 1.0A 1.5A
+ 5V 6.0A 13.0A
— 2V 2.0A 4.0A
—12V 1.0A 1.5A

*Assurne 32K system with DCPC
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User Microprogrammable

Hewlett-Packard is the industry leader
in user microprogrammable computers.
Microprogrammability provides five
major advantages which, in combination
give the OEM additional capability
available only from HP.

s Speed

Simplicity
Flexibility
s Economy

* Security

Speed enhancements by factors of 2 to
30 can be realized by microprogram-
ming critical routines. An OEM who is
bottlenecked by computational prob-
lems can remove those bottlenecks
with microprogramming.

Microprogramming is simple and
straight forward. It is as easy as assem-
bly language to implement. Micropro-
gramming gives the HP 21MX Series
minicomputers a degree of flexibility
that permits the processors to be en-
hanced and customized far beyond the
versatility of an ordinary machine.
Individual routines can be micropro-
grammed for maximum efficiency. Or a
new instruction, specific to your appli-

cation can be added, giving you, the
OFM, a unique advantage in your indus-
try. Through micropregramming, you
gain access 1o 178 micro-orders for a
mare powerful control tool.

Utilizing the microprogrammability of
the HP21-M/10 and M/20, you can
save a significant amount of memaory
space by making programs and reutines
resident in the Control Store memory.

In addition to increased speed, simplicity,
flexibility and economy, microprogram-
ming gives you & degree of program

and system security which Is unavailable
in a conventional maghine. For example,
you can plug in your firmware enhance-
ment later to maintain/protect your
customer base from competition.

Writable Control Store provides more
memory for user written contrel instruc-
tions. With 256 24-bit words, a WCS
module has enough storage capacity for
many new instructions and high speed
routines. WCS has a read access time
of B0 nanoseconds, the same as the
main Control Store. It can be dynamically
altered for more extensive needs, Cne
WCS module may be used in the
HP21-M/10 processor and two in the
HP21-M/20.

Semiconductor
Memory Systems

D
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Solid State Memory

The HP 21 MX Series is a minicom-
puter family completely designed for solid
state memory. Semiconducter tech-
nology has now matured beyond the
capabilities of traditional core memory,
and Hewlett-Packard has integrated this
new technology into a minicomputer
providing the systems supplier with large
amount of highly reliable, economic
mainframe memory.

Metal-Oxide Semiconductor (MOS)
memaory provides several advantages

to the OEM that are not available to

core memary users. While costs to pro-
duce core memory have stabilized, rapid
advances in the semiconductor industry
will continue to provide performance
gnhancements, increases in density and
price roll-offs. The conseguence of these
technological advances for the OEM is
an end product which will remain highly
competitive in price and performance
over & long product iife cycle.

Memory Systems

Memory parity is standard in all HP 21-X
memory systems. Each memory ward is
17 bits wide: 16 bits for data and one

bit for parity. This feature protects the
integrity of your programs and data from
the common problem of occasional

bit loss and system failure.

The X/1 memory systems provide a
choice of 8K or 16K word memory
modules, all with memory parity stan-
dard, for needs where space is critical
and high density memory is an advan-
tage. The HP 21-M/10 processor can be
extended to two modules of semicon-
ductor mainframe memaory and the

HP 21-M/20 processcr to four modules.
The X/1 memacry system is based on

a 4096-bit dynamic MOS random access
memory chip in a new 16 pin ceramic
package. The X/1 memory system

cycle time Is 650 nanoseconds, insuring
highly efficient use of all memary refer-
ence operations. The memory design
uses an N-channel self-aligned, poly-
silicon-interconnect process. The mem-



Unusual environmental immunity has
been designed into the power system
of these new minicomputers. Not only
do they operate normally with varying
line frequencies or low line valtages,
they protect themselves automatically
against high-voltage conditions thru a
total crowbar protection systern. Also
they function to specification at temper-
atures from 0° to 55°C. Furthermore,
they are tested to withstand the same
shock and vibration conditions as all

Hewlett-Packard electronic instruments.

Environmental specifications

* Ambient Temperature
Operating:
0° 10 55°C {32° to 131°F)
¢ Altitude
Operating:
15,000 feet {4,573 meters)
Nenoperating:
25,000 feet {7,622 meters)

* Vibration:
1gat44Hz

Power Fail Recovery System (PFR)

A Power Fail Recovery System is
available for situations where totzl line
failure might be experienced. This sys-
tem, with charging and automatic
switching circuitry, provides for auto-
matic compuier restart without operatar
intervention after a power failure. It
maintains solid state memory data
integrity for up to two hours.

PFR System Specifications:
* Type:
12V Nickel-Cadmium
* Charging Rate:
400 +50 miliiamperes
* Capacity:
3.5 ampere-hours; capable of sus-
taining 32K of memory for 2 hours.
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1/0 Power

Input/Qutput

The I/0 section of the 21MX Series
minicomputers features a multilevel
Vectared Priority Interrupt {(VPI) struc-
ture. The HP 21-M/10 processor has an
[/0 section with four powered /0
channels; the M/20 has 9 powered
1/0 channels standard. As many as 33
additional powered channels with VPI
may be added to either processor.
Hewlett-Packard peripherals are
equipped, as a standard feature, with
the ability to operate with a Dual
Channel Port Coniroller for rapid

data transfer.

Hewiett-Packard offers you a single
source for ail your [ /0 needs. A full
range of peripherals are availabie,
including:

Cartridge Disc Drives

Disk Pack Drives

Phase Encoded Magnetic Tape Drives
NRZI Magnetic Tape Drives
Plotters

Card Readers

Optical Mark Readers

Paper Tape Readers and Punches
Printing Terminals

CRT Terminals

Line Printers

Card Reader/Punch

Each of these devices are interfaced
with standard hardware, software
drivers, diagnostics, and are available
to you without need for modification.

A complete selection of data communi-
cation equipment is available to meet
all your needs. including:

+ 16-channel Asynchronous Multiplexer
with programmable character size and
speed detection

¢ Synchronous and Asynchrenous
Terminal and Data Set interfaces with
programmable character size and
that operate in half duplex, full duplex,
or simplex mode

¢ High speed interface for communica-
tion between Hewlett-Packard mini-
computers

To complete your powerful HP 21MX
camputer system you can choose:

« A Time Base Generator to provide
system recognized priority interrupts

Relay Output Registers for centrolling
one or more devices

* 8 or 16-bit duplex registers for |/0
data transfers of measurement
devices with digital output

» Dual 8-bit D-A Converters for driving
oscilloscopes, X-Y plotters and many
other analog devices

* Microcircuit interfaces to exchange

information with most digital measure-
ment devices

¢ |/0O breadboard cards for customized
interfacing

s Dual-channe! Universal interface
cards for high-speed 16-bit duplex
differential 1/O transmission







Software Leadership for OEMs

Software

By allowing the HP 21-M Series proc-
essors to use a portion of their control
store to emulate earlier Hewlett-Packard
minicomputers, HP is able to offer the
QOEM 2000 man years of program and
system development, all proven reliable
in thousands of customer installations.
All operating systems and languages
are available to the OEM for purchase,
to allow you to take full advantage of
Hewlett-Packard expertise and
world-wide support.

Systems

Basic Control Systems — BCS handles
loading, relocating, program linking,
interrupts, and provides and calls
library subroutines. BCS simplifies user
programming and the execution of 1/0
routines.

Disc Operating System — DOS-IIl pro-
vides system features such as extended
file management, proegram chaining,
current page loading and mixing pro-
grams of different languages. it includes
significant data communication facilities
to allow time-critical allocation of

machine response time, and can run in
batch mode or interactive mode. Up to
94 million bytes of random storage can
be directly accessed.




Languages

FORTRAN — The Hewlett-Packard
systems use the American Standards
Association FORTBAN I and V.
FORTRAN can be used on BCS, DOS
and RTE systems.

Assembly Language — These 128
instructions include machine operation
codes and symbaolic addressing.

The output may be absolute or relc-
catable. The assembly language
features page-free programming, fixed
and floating point pssudo-operations,
and the ability to reserve storage with
a COM statement.

ALGOL — This language allows prob-
lem description in an internationally
defined language. It includes all the
major elements described in ALGOL 60
revised report, Communications of the
ACM January 63, plus a number of
features such as unrestricted nesting of
conditional statements and the inter-
mixing of REAL and INTEGER identifiers.

Application Aids

Terminal Control System —TCSisa
control program which efficiently and
effectively handles multiterminal opera-
tions on an HP OEM computer system.
TCS schedules the input/output proc-
essing and the use of hardware
resources in a multitasking, multiter-
minal environment. TCS has extensive
system control facilities which shorten
the application development cycle,
simplify complex programming tasks,
and provide for ease of expansion to
additional terminal and I/O devices.

In conjunction with Hewlett-Packard's
thoroughly proven Disc Operating Sys-
tem, TCS opens new avenues to the
on-line benefits of control, timeliness
and accuracy, utilizing multiple data
entry and multiple output stations.

IMAGE/2000 - enables an OEM to
tailor a data base to meet his unique
needs. And the fullest possible use of
the information in the data base is
possible because one set of records can
be used by many different people for
many different purposes.

In small to medium-sized crganizations,
IMAGE/2000 can solve most of the

data handling problems likely to be
encountered. And it will do it more
easily, efficiently, and economically than
many other data base management
systems currently available.

Remote Job Entry — HP RJE allows
the OEM of Hewlett-Packard systems
to share the resources of a batch
oriented IBM 360/370 at a speed of up
to 4800 Baud. This enables such tagks
as data transmission, report generation,
file updating, and the compilation and
running of computer programsin
COBOL, FORTRAN, or RPG. The proc-
essor gives the user access to centrally
located data files and access to the
power necessary to process those files.
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