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Architectureand
Price,Performance,
the 21OOAComputer
Here arethe why'sbehind the designof HP'snew minicomputer.
By Fred F. Coury

HEWLETT-PACKARD'S LATEST MINICOMPUTER, MODEL 2100A, is an entirely new design
with the two notable exceptions of its basic instruction set and its input/output structure, which
are identical to those of the earlier HP 2774,2'J'75,
and ztto computers.The unchangedl/O structure
makes the 2100A compatible with all existing HP
peripherals, and the identical instruction set allows
it to work with the large existing library of HP
software.
The 2100A's price is well below that of its lowest-cost predecessor,yet the new mini is faster
than its fastestpredecessor-g80ns cycle time versus 1.6 ps-and includes as standard features many
things that used to be options. Everything fits in a
12-inch-high mainframe which has room for 1'4I/O
interfacesand up Io 32,768words of core memory.
The other articles in this issue describe how the
2L00Awas implemented.As project leader,I'd like
to say a few words about why.
Price/Perlormance
Price/performanceratio is often used as a means
for comparing computers, and rightly so. However,
I think the terms are often used in too narrow a
way. Price, fot example, is much more than the
cost of a computer mainframe. It is the total amount
a customer pays to solve his problem. In many applications, the price of the mainframe is as small
as ten percent of the total cost.
Performance is difficult to measure becauseit is
hard to define. People often use addition times,

memory cycle times, or other computer-related
parametersas measuresof a computer's performance. But these parameters are only indicators of
potentiol performance. Often octuol performance
is limited by the application. For example,if a com-
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puter is transmitting ten charactersper second to
a teleprinter, doubling the speed of the computer
will not increasethe printing rate. It will only make
the computer wait faster.
In evaluating a computer's price/performance
ratio, then, price must be the total price paid for the
solution of a problem, and performancea measure
of how well the systemsolves the problem or how
large a problem the system can solve. Here's how
these considerationsaffected the design of the
2700F^.
Architecture
Whether or not to changearchitecture received
a lot of seriousconsiderationin the early planning
stages of the 2IOOAproject. What is architecture,
really? There are two elementsinvolved: the logical structureof the machineand its implementation.
Logical structure is implementation-independent
and can usually be describedin terms of a block
diagram,a list of instructions,and a set of rules of
behavior. Implementation is the transformation of
the logical structure into actual hardware. It is the
task of a computer designerto arrive at a combination of a logical structure and its implementation
which provides the optimum price/performance
ratio for a given range of applications at a particular point in time.
After analyzing and evaluating several alternatives we arrived at the following decisions:
Keepthe samelogicalstructure. We found that in our
applications areas,radical changesin logical structure would not provide startling increases in performance per se. However, considerablesystems,
application, and support software and peripheral
developmentefforts would have been necessaryto
support a new logical structure, and these costs
would have had to be reflected in the price a customer pays. Also, many of our customers have
themselvesdevelopedextensivesystemsusing earlier HP computers and their investment in software
developmentand peripheralsshould not be wasted.
A.lthoughwe could hove designed alogical structure
copobleof exhibiting better computer-relotedperformonce thon eorlier designs,the net effecton price/
performonceos defined above would hove been
negative,
Keepthe designopen-ended.
We found that, although
radical changesto the instruction set did not necessarily produce significant improvements, there are
certain areas where extensionsto the instruction
set can make a big difference.Thereforewe wanted
to keep the door open for additions and extensions,

such as floating-point instructions, that would really
increaseperformanceat a low incrementalcost.To
satisfy this requirement we decided on a microprogrammed implementation,as described in the
next article.
Concentrateon implementation.The 21164 is five
years old and technology has changeda lot in five
years. Although there were several modifications
made during these years to bring the design more
up to date, we found that we could make significant improvements in implementation by using
state-of-the-artcomponents and by making contributions in CPU, memory, and power supply design. These contributions are describedin the articles which follow.
Acknowledgments
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ROMs,Firmware
Microprogrammitrg,
and All That
Behindthe scenesin HP'snew mini is a sophisticatedmicrocomputer
with its own instructionrepertoireand an expandablememory.
By CharlesT. Leis

panded to extend the instruction set, it isn't hardMODEL 27OOACOMPUTER is much more than a
faster, more powerful version of its predecessors. ware in the traditional sense.
In the future HP plans to design, manufacture,
The big difference is in how its instruction set is
and support severalextensionsto the 21004 instrucimplemented.' In earlier HP computers, the softtion set. One six-package extension is already
ware instructions written by the user were decoded
available as an option. It provides floating-point
and executed by permanent hardware. In the new
double-word arithmetic instructions. It's also ex210OA, these same instructions are decoded and
'firmpected, of course, that some users will want to
executed partly by hardware and partly by
design, manufacture, and support their own extenware,' the latter being a microprogrammed readsions of the instruction set.
only memory (ROM). While the new mini may look
programsoftware
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mer, behind the scenes is a sophisticated microIf all user instructions were decoded and exeprocessor in the control section of the computer
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the relationship of the microprocessor
These earlier machinesuse 16-bit instruction and
machine elements.
data words. There are two accumulator registers.
One big benefit of microprogrammed implemenThe instruction set consistsof three groups:memtation of instructions is expandability. It takes six
ory reference instructions, register reference inbipolar integrated-circuit ROM packages (Fig. 2)'
structions, and input/output instructions. With adwhich togetherhave a capacity of.256 24-bit words,
ditional plug-in boards, doubleJength instructions
to implement the basic instruction set, including
and hardware multiply/divide fextendedarithmetic]
extended arithmetic instructions [hardware multican be executedby thesemachines.There are four
ply/divide, etc.). However, enough addressingand
machine phasesor states: fetch, execute,indirect,
board space was built into the 2100A f.or 7O2424and interrupt. There is an automatic phase change
bit words of ROM. Thus there is plenty of room for
-from
fetch to execute, for example-after each
enhancements to the instruction set. Hence the
'firmware':
memory cycle [1.6 microseconds in the 2\76) exthe ROM chips are permanently
name
cept when executing extended arithmetic instrucprogxammedwhen manufactured, so they can't be
tions.
called software, but since the ROM can be ex-

Fig. 1. Block diagram of Model
21004 Computer. The microprocessoris a computer within
a computer,running microprograms stored in its readonly memory (BOM). There'sa
microprogramfor each user
instruction.

Fig.2. Basic2100AROM consistsof six packages,
each
containing one 1024-bitbipolar integrated-circuitchip.
(On thisprototypeboard the ROM packagesare mounted
in sockets.)Empty spaceson the boards can be loaded
with three more six-packageROM groups to extend the
instructionset.A six-packagefloating-pointoption is now
available.

The microprocessorin the 21004 was designed
to complete any of the four machine phasesin one
980 ns memory cycle, except when executing the
increment-memory instruction or the extended
arithmetic group. This in effect optimizes the machine for executing memory reference instructions.
Memory cycles are tightly packed, that is, there is
no idle time between one memory cycle and the
next, so the machinegetsthe most out of eachcycle.
Optimizing for memory use was justified by research into 'standard' instruction mixes, which revealed that memory reference instructions can be
expected about 80% of the time.2,3Since the 2L00A
cycle time is about 40% faster than that of earlier
machines and memory is fully used gO% of the time
the new machine runs 'standard' instruction mixes
roughly 32o/of.asIer. Extended arithmetic instructions also run faster in the 27OOA,and the tightly
packed memory cycles give a very high DMA transfer rate.
There were some tradeoffs. Register reference
instructions, for example, which were single phase
instructions in the earlier machines, now take two
phases.This means it takes about 23% longer to
execute these instructions. But while some applications use theseinstructions extensively, the 'standard' or averagevariety of program uses relatively
few of them.
The Microprocessor
When the RUN button on the 27OOAfront-panel
is pressed,it is the inner computer within the computer, the microprocessor, that is started. The

microprocessorfetches and executesmicroinstructions tut of ROM at the rate of one every clock
period of tgO ns. Each microinstruction is z4 bits
iong. The basic clock period of 196 ns is determined by data path propagation delays.
When running a user program the microprocessor, under control of the microprogram in ROM,
fetches a L6-bit word from main fcore) memory,
stores it in the instruction register, then does a
microjump to a routine in the ROM microprogram
that will enablethe data paths and specialhardware
needed to execute this user instruction. The microprocessor has accessto six more i6-bit registers
ihan the user; this gives it a great deal of flexibility
in executing user instructions.
The microprocessor controls the timing of the
phase changes [e.g.,from fetch to executeJso that
once in the execute phase, for example, the microprocessor can do complicated operations taking
many microseconds.OnIy when these are complete
will it allow a return to the fetch phase. It is this
semisynchronous feature which made it easy for
the extended arithmetic instructions to be included
as a standard feature of the 2'J'ooA.All that was
necessarywas a sophisticatedenough set of data
path controls, or micro-operations.
Fig. 3 givesa closeupview of the microprocessor.
During each basic clock period, one microinstruction is executed.Meanwhile the ROM addressregister (RAR) is incremented and the ROM contents
are presentedto the ROM instruction register IRIRJ

to be executed during the next clock period. Normal indexing through the ROM locations is altered
in case of a microjump, in which case the RAR is
parallel-loaded with a new address.A new address
is also generated for the RAR when changing
phases.In this casethe new addresspoints to the
beginning of the microroutine to do what is required of the phase.
An Example
Here's an example to show what happens in
ROM as the 21004 executes a typical 16-bit user
instruction.
Assume the user instruction is ADB (M)' a typical memory reference instruction which adds the
contents of memory address M to the contents of
the B accumulator and stores the result in B. The
instruction format is
Bit Position
Contents

14 13 12 11 1019 8 7 6 5 4 3 2 1

address
or indirect
D/l: direct
Z/C : zeropageor currentPage
For a direct address this instruction takes two machine phases to execute, a fetch phase and an execute phase. An indirect address would require at
least one indirect phase between these two. Each
phase takes one 980 ns memory cycle, and in each
memory cycle are five 196 ns clock periods. Each
clock period, one 24-bit ROM instruction is executed. Here's the sequencefor a direct address.

Fig. 3. The micro?rocessor
fetchesa | 6-bit user instruction
from core memory, storesit in
the instruction register, then
jumps to a routine in the ROM
microprogram that will cause
the 2100A to executethe user
instruction.

Clock
ROM
ROM InstructionOperation
Period Address

2
3
4

001
001
001
002

144

/

t4a

Q

l AR

4

145
146

FetchPhase
Load MemoryAddressRegisterwith Contentsof ProgramCounter(P);StartRead/
Write
Wdt
Wait
Load Instruction
Registerwith Contentsof
MemoryLocation
Specified
in MemoryAddressRegister
Load ScratchPad*Register1 with Memory
Address(M);CheckWhether
Addressisan
AccumulatorRegister(A or B); Change
Phases.
ExecutePhase
Load MemoryAddressRegisterwith Contentsof ScratchPadRegister1; StartRead/
Write;Increment
ProgramCounter(P <- p
+11
Wait
Wait
LoadScratchPad*Register2 with Contents
of MemoryLocationSpecified
in Memory
AddressRegister
Add Contents
of B Accumulator
to Contents
of ScratchPad Register2; StoreResultin
B; lf CarryOut, Set E Register;
Change
Phases.

Older HP computers executing the same instruction would perform basically the same operations.
The difference is that in these hard-wired-logic implementations, time and condition signals are generated throughout the machine and are combined
to form control functions. In a microprogrammed
machine like the 2100A, the generation of control
lines is concentroted in the ROM.
PowerfulMicroinstructions
The microprogramming language that's used to
write the microprogram stored in the 2100A's ROM
is roughly comparable to the assembly languageof
earlier machines. Fig. a shows the format of the
microinstructions. There are six fields. each of
which is fully encoded. With few exceptions the
operations specified within each field produce only
one action (e.g., set up the AND function in the
logic unitJ.
A typical instruction for the microprocessor
might be
R-Bus S-Bus Function Store Special
Skip
ASlANDA

Fig.4. 24-bit,threeaddressmicroinstructions
are more
powerfulthanthe 16-bituserinstructionsettheyare designedto implement.
Formatof microinstructions
makes
microprograms
easyto write.
next microinstructionwould be skipped.
Four of the six fields-the R-bus, S-bus, function, and store fields, control primarily data flow.
The skip field controls the sequencing of microinstructions, although the function field shares
some of this responsibility.
The special field is used to decode and execute
the register reference instructions. This group had
to have a special hardware implementation, the
reason being that these instructions have some bitper-function encoding,and to decode them in ROM
would have required too much ROM and too much
time. Most of the logic for theseinstructionsis external to the microprocessor,and commandsfrom
the special field enable this hardware. Memory
read/write operations are also initiated in the special field, as are arithmetic unit output shift signals
and a 'reverseskip sense.'The specialfield provides
the principal hardware control functions of the
21004.
Notice that three of the microinstruction fields
contain addresses- the R-bus, S-bus, and store
fields. This, plus the fact that the microprocessor
has access to six more registers than the user instructions, makes the microprocessor language
more powerful than the assemblylanguageit is designed to emulate. A measure of this power was
evident when the floating-point packagewas written for the optional second256-wordROM module.
This package adds double-word floating-point add,
subtract, multiply, divide, fix, and float instructions to the basic set. The routines are comparable
with their software counterparts but require fewer
words and execute20 to 30 times faster.

TBZ

This would put the contents of the A accumulator
on the R-bus, the contents of scratch pad register
'ff 1 on the S-bus,AND the two, and store the result
in the A accumulator. If the result were zero the
'I9!I-l!glalg! pad' registers
are anongthe six extrat6-bit registers
the microprocessor
nasaccesst0.

VerticalMicroprogramming
The 21004 microinstruction format has sometimes been called 'vertical microprogramming,' as
opposed to'horizontal microprogramming,'which
would feature a much longer instruction word with
eachbit causingsomespecificaction to occur.Ver-

ROM Simulator Tests Computer in Five Minutes
P r o d u c t i oann dl i e l dt e s t i n go l t h e 2 1 0 0 Am i n i c o m p u t e r
an opportunity
posedsomenew problemsand represented
To testearliermodels'
to developsomeuniquetestmethods.
to checkout
switchregister
usedthefront-panel
technicians
and smallportionsof the hardwarewhen the
the registers
thatsome
computerwasfirstturnedon. Onceit wasverified
softwarediagnosticswere
of the hardwarewas operational,
With
usedto verifythattheentirecomputerwas operational.
mustbe
the2100A,on theotherhand,muchof thehardware
fromthefront
evensimplecommands
to exercise
operational
panel, Softwareinstructionsare decoded into read-onlyand then the ROM instructions
memory(ROMJaddresses
the hardThusthe keyto exercising
the hardware.
exercise
w a r ei n t h e2 l 0 0 A i s t h e R O Mo u t p u lti n e sT. h e 2 1 0 0 Aw a s
so the BOM can be disabledand the ROMoutput
designed
linescan be easilyaccessed.
was designedto use the ROM output
A ROM srmulator
of the 2100A.The ROMsimuthe hardware
linesto exercise
memory[RAM)that
latorcontainsa bipolarrandom-access
muchas the ROMdoesin the 2100A.A diagnostic
operates
whichis storedin the RAM' was writtento
microprogram,
and
initially'
of the 2100Ahardware
smallsegments
exercise
segmentsof the hardwareas progressis made
additional
of
throughtheprogram.Thisallowsmuchsmallersegments
at any one time and reducesthe
hardwareto be exercised
thatoccur'
anytroubles
amountof timeit takesto isolate
The RAMin the ROM simulatoris small(32 words).The
and
is writtenin 32-wordsegments
microprogram
diagnostic
may be
Segments
independent.
eachsegmentis completely
addedat any time if changesoccur or may be alteredby
Eachsegmentis loadedintothe
meansof a switchregister.
In the HP
in the ROMSimulator.
RAMthroughan interface
is a mastercomputerwhich
facility
computermanufacturing
programs
and softwarediagnostic
has the microdiagnostic
to this
interfaces
The
ROM
simulator
in
its
memory.
stored
Another
mastercomputerto obtainthe microprograms.
model of the ROM simulator,designedfor field service,
viaa photoreader.
obtainsitsmicroprograms
the
microprogram'
of the diagnostic
Duringthe execution
Theopercomputerclockis suppliedby the ROMsimulator.
at normalcommicroprogram
ator may run the diagnostic
puterspeedor at a reducedrate.He maystopthe clockand
of the ROMsimumanually
changeits phase.Otherfeatures
is necessary
if troubleshooting
latorthat aid the technician
include:

detical microprogramminghas two disadvantages:
coding hardware is required for each field, and execution of specific algorithmsusually takes longer.
These are offset in the case of the 2100A for two
reasons.First, it takes only two relatively inexpensive integrated-circuitpackagesto decodethe output of each ROM package.Second,any further increasein speedwould be fruitless since the ROM
would just be idle more of the time, waiting for the
main memory.
The main advantageof the vertical approachib
that it makes it very easy to write microprograms'

.

a ROM addressdisplayindicatingthe ROM addressto be
executed next
. a ROM instructiondisplayindicatingthe stateof the ROM
outDutlines
. a sync-on-ROMaddressthat providesa sync pulsefor an
oscilloscooewhen the ROM address coincides with the
address selected
. a break-on-ROMaddressthat stoos the clock to the comouter when the ROM addresscoincideswith the address
selected
. a loop-on-segmentmode that allowsthe operatorto loop
endlesslyon the segmentof the diagnosticmicroprogram
that is stored in the RAM
. a segment number displaythat displaysthe current segment of the diagnosticmicroprogram that is stored in
the RAM
. a seltcheck featureto assure that the ROM simulatoris
operational.
The field service model is designed to give the field service
technicianall of the tools necessaryto diagnosea malfunctioningcomputeras quicklyas possible.This model has all ot
the featuresof the manufacturing model plus a photo reader
for loadingthe RAM. With this model a servicetechniciancan
exerciseall the logic in the 2100A in less than Jiveminutes.
The field service model is packaged for easy carrying (see
photo). In the package are all the necessary service tools
exceot for an oscilloscooe.

A bit-per-function ROM output which would simplify the hardware would make ROM programs
more difficult to write. The expectationthat some
userswould want to write their own microprograms
seemedto require an approach that would allow
someone unfamiliar with the hardware to write
useful microcode,and the vertical approach satisfies this requirement. Microdiagnostics are also
easy to produce and debuggingis a matter of using
the right tool fsee aboveJ.Microinstructions are
relatively independent of user instructions (i.e',
very few microinstructions refer to the 2116 in-

struction set), so the amount of machine knowledge
neededto write correct microcode is a minimum'
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DEPTH: 210OA-26 in. C23 in. b€hind .ack mounling €ars).
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8OO wats maximum.
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PRIORITY
Debrmined by inlgdacelocation.
l/O CHANNELSlN 210OACOMPUTER:r4.
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REGISTERSPER CHANNEL: Word Counl Reoister. Addr€ss
R6gisl€rMAxIMUMaLOCK SlzEi 32.768words.
ASSIGNABLE:To any l/Q channels.
TFANSFERRATE:Greaterlhan I million words per s6cono.
POWEi FAIL IMEBRUPT WITH AU'OTA'IC REAIMT
(abd.il)
PRIORITY:Highestpriorily inbrrupt.
TETORY MRITY CHECKWITH IXTERRUPT(AbNdId)
PRIORITY:S€cond high€st priority interrupt(shar€d wilh M€mory probcD.
tEXOiY PiOTECT (abnd.d)
PBIORITY:S€cond highest praorityinlerrupl (shar€d with M€mory Parily).

I

PRICES:
210OA COMPUTEBT S3,750.
panel, en€nd€d
modul€s. Includes oFralor's
Wthoutmemory
arithmetic inslructions, memory parity ch€ck with intorrupt,
power tail interrupl with automatic restad, memory pralect,
I 4 l/O locations. M€mory modul€(s) must be sp€cifiod.
4,096 Word M€mory, $3,500.
8,192 Word Memory, $7,O00.
16,384 word M€mory, $14,0oo
32.76a Word Memory, $28,OOO
Multiplexed l/O, $1,00O.
12901A Floaling Poinl Hardw"rs, $2,500.
2155A l/O EXTENDER, $3,500.
TANUFACTUFING

*Except

DlvlSlON:

as roted, applbs
21554 l/O Extendet.

CUPERTINO DIVISION
1 IOOO Woll€ Road
Cupedino, Calitornia 95014
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A Lot of Memoryin a SmallSpace
This new core memoryis tast,rugged,reliable,and
small enoughto expandto 32K words
insidethe 2100Amainframe.
By RobertJ. Frankenberg

A MINICOMPUTER LIKE THE 21ooA needs a
memory with special qualities if it's to be able to
cope with the diversity of applications awaiting it.
For one thing, it can't expect air conditioning, so its
memory must be designedto operateflawlessly in
relatively harsh environments.Many minicomputer
applications have severe space and weight limitations. Others start with relatively small memory
needs which grow as time goes by. This means a
memory should be small, so the mini can start small
and stay small as its memory expands.Low cost is
important becausea mini by definition is a computer that can do a job when a larger, more expensive
machine wouldn't be economically feasible. And
for the many applications which call for fast computations, a good memory must be fast, to allow
quick accessto the data it contains.
Even more important than all these qualities is
reliability. Reliability stands above all other characteristics as the prime attribute a computer memory
must possess.Relatedto reliability is the question
of volatility, or what happenswhen a power failure
occurs. Many applications don't require a nonvolatile memory, but in others it's vital that the data
stored in memory not be lost when the power fails.
Non-volatility, therefore, plus reliability, high
speed,low cost, small physical size, and ability to
withstand harsh environments are all qualities a
memory must have to be useful in the widest possible range of applications.
All these considerations made it apparent that
core memory was the best kind of memory for a
general-purposeminicomputer like the 2100A. Despite many impressive advances in semiconductor
memory devices, the problem of volatility hasn,t
yet been solved.Also, the bits-per-packagedensity
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of semiconductor devices isn't high enough yet to
permit a semiconductormemory to be made as
small as a core memory of equivalentcapacity.
For the 21,OOAa three-wire three-dimensional
core memory system was designed to have all the
desirable characteristics in a good balance. Fig. L
shows its organization. The memory is expandable
from 4096 words ( KJ to 32,768words (A2K).In a
4K or 8K configuration the memory fits on five
printed circuit boards. This increasesto 12 boards
for a 32K memory. The boards are installed simply
by plugging them into existing slots in the 21004
mainframe and configuring the memory data control board. Cycle time of the memory is 980 nanoseconds.

Corestackand SenseAmplilierVolumeReduced
The huge volume usually occupied by the core
array and senseamplifiers was drastically reduced
in the 2L00A by the use of HP-developed planar
folded corestacksand hybrid senseamplifiers.
The memory corestack design was prompted initially by evolutionary developments in core memory technology.Smaller cores have become more
economical, thanks to higher demands and improved manufacturing techniques.Continuous wiring capabilities have been developed that both increasereliability and decreasecosts by decreasing
solder connections400:1 over older methods. The
three-wire three-dimensional organization reduces
the amount of drive and sensecircuitry needed for
the memory system. These trends established a
direction for the 270OAcorestack development;and
other needs and constraints dictated the size and
speednecessary.

Fig.'1. Core memory for 21004 Computer fits entirelyon printed-circuitboards which
ptug into existings/ols m mainframe.Memory expandsfrom 4K on live boards to 32K
on twelveDoaros.

One constraint was to maintain the same size
printed-circuitboardsusedin earlierHP computers.
This was desirable for reasons of economy. The
problem then was how to take advantageof continous wiring and reduce the area of an 8K array to
fit on a printed-circuit board. The solution was to
fold an initially planar core array so it could be
accommodatedon a board of the given size [seeFig.
21.Becausethe boards have only a limited number

Fig. 2. 8K folded-planarcorestackwith senseamplifiers
and diode decoding matrix occupy only one printedcircuit board. Cores are 20-mil widelemperature-range

rype,
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of output pins, the senseamplifiers were put on the
sameboard with the corestack,
The x-y decoding matrix for the corestackalso
required considerablecompression.This was accomplishedby using conventionaldiodes,fabricating them into 16-unit modules, and standing them
upright to form a compact matrix.
MemoryDataand Control
The memory data control board [Fig. 3) occupies
only one-third the space required for memory
control in earlier HP computers. Commercial availability of recently developed integrated parity
checker-generators,quad D flip-flops, synchronous
binary up-down countets, and eightJine two-way
multiplexersmade it possibleto put a data register,
a parity checker, and an S-bus/senseamplifier multiplexer in a very small area of the control board.
New integrated circuits that don't source current
even intermittently when the supply voltages are
turned on and off made it possibleto use a compact
and simple power-fail protection circuit. Repartitioning of memory control functions reduced the
number of board interconnectionsrequired and
thus overcamethe output pin limitations of a single
board.The spaceneededfor memory timing circuits
was reducedby using recently developedprecision
delay lines in conjunction with precise timing logic'
The timing circuits automatically compensate for
the difference in the speeds of +K and BK corestacks.

Fig.3..Memorydatacontrol circuitry for up to 32K memory
occupiesonly one board, onethird as many as in earlier HP
computers. Virtuailyall circuits
wereredesigned.

8K/16KInhibitDriver
The 21004 inhibit driver can be in either a 16K or
an 8K configuration,dependingon how the inhibitdriver board is loaded.The inhibit circuit is a simple
circuit that requires very few parts. It is repeated
68 times on a 16K board and g+ times on an gK
board. An unusual aspectof the circuit is that one
collectorload resistoris sharedby as many as eight
transistors.This allowed the reductionof one whole
board in a 32K machine.

Wide-Range
Cores
The 21004 memory system is compensatedfor
temperature changes and uses wide-temperaturerange cores. Temperature sensing is done on the
resistor load board and thus representsan average
of the memory and the ambient temperatures.The
sensedvalue of the temperatureis sentto the power
supply which adjusts itself in accordancewith the
core'srequirements.
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A BantamPowerSupplyfor a Minicomputer
How do you get a 500watt power supply with severalregulated
dc output voltagesinto halt a cubic foot of space?
By RichardD.Crawfordand
GregoryJustice

A MINICOMPUTER WHOSE POWER SUPPLY IS
BIGGER than the rest of the computer is a little like
a sports car that needs a trailer to carry its gasoline.
Yet today's minicomputers are faced with this problem, now that MSI, LSI, and smallermemorieshave
helped shrink everything but their power supplies.
We decided that the 2L00A Computer would have
to have a bantam power supply appropriate to the
compactnessof the rest of its circuitry. Small size,
however. was not to be achievedat the sacrificeof
reliability, good performance, a high degree of protection for the computer and its stored data, or low
acousticnoise.
For a start, we aimed for better than 70% efficiency. High efficiency means low heat dissipation
and therefore small heat sinks.
Second,we went to higher voltagesto reducethe
size of the filter capacitors. In the event of an ac
power failure the supply needs sufficient energy
storage for the computer to complete an orderly
shutdown. This energy is stored in the filter capacitors. Energy stored is equal to 1/zCY2,where C is
capacitanceand V is voltage. Volume, however, is
generally proportional to CV. Therefore, higher
voltages mean smaller capacitors for a given
amount of energy.
Next, there was no room for a 60 Hz power transformer. This meant we had to find alternate ways of
providing ac power line isolation and easy conversion to 115 V or 230 V operation. Isolation was
achieved by using inverters, which are dc-to-ac
converters with transformer-coupled outputs. To
regulate the dc output voltages of the power supply,
we put a preregulotor ahead of the inverters. The
preregulatoralso provides energystorageand 115V
or 230 V operation, and helps make life easier for
the inverters. Fig. 1 is a block diagram of the supply.

Preregulator
How the preregulator works is illustrated in Fig.
2. The preregulator is a choke-input phase-controlled SCR circuit which functions as a conventional controlled rectifier for a 230 V ac input voltage, or as a voltage doubler for a 115 V ac input
'free-wheeling'diodes
voltage.DiodesDr and Dzare
which carry the current flowing in Lr when SCRror
SCRzare not conducting.
For 230 V operation,switch 51 is open. If SCRI
conductsfor 180' and SCRzconductsfor the other
180o,the voltageswill be as shown in A of Fig' 2.
For 115 V operation,switch 51 is closed.If there
were no mutual coupling (M : 0) between the two
halves of choke Lr, the voltage waveforms would
be the same as in A, but the magnitudesof the voltageswould only be half as large. Actually, however,
there is tight coupling (M : LJ between the two
halves of Lr, and the waveforms are as in B of Fig.
2.The mutual coupling and closing of 51 has filled
in the missing half sinusoids, with the result that
the dc voltages V* and V- are the samefor either
115 V or 230 V ac line voltage.
V-l- and V- can be varied for either the 115V or
the 230 V caseby phasecontrol of the SCR conduction angle. If the conduction angles are less than
180o the output voltageswill be smaller than those
shown in Fig. 2. The actual regulated dc output voltage is approximately 160 V.
Inverlers
The main job of the inverters is to provide isolation from the ac line by means of transformers' A
problem here was the choice of inverter frequency.
Too low a frequency means big transformers.Too
high a frequency causes the switching losses to
grow outlandishly. Audio-frequency transformers
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Fig. 1. Powersupplyfor 2100A
Computerprovides500 wattsat
sevenregulatedoutput voltages,
yet occupiesonly 800 in3.Computer, software,and supply are
fullyprotected.

are plaguedby acousticnoise.We chose800Hz as a
good compromise.Thereis someaccusticnoise,but
it's quieter than the gentle whirring of the fans, so
it isn't objectionable,
As Fig. 1 shows, there are two inverters. They
generate square waves with an overlap of onequarter period. During the finite switching interval
when one inverter is changingstates,the other is
carrying the full load. This prevents the full load
current from flowing through the equivalent series
r e s i s t a n c eo f t h e o u t p u t c a p a c i t o r sd u r i n g t h e
switching interval, thereby minimizing ripple voltage. What's more, the inverters aren't switching
under load, and this means better reliability. Another advantage is that the switching interval can
be longer; we made use of the longer switching interval to prevent overlapping conduction of the
transistors within each inverter.

*30 V at 100mA: 3 wattsmaximum
:36W
+ . 12 V a t 3 A
+ 4 . 8 5V a t5 0A : 2 4 3 W
- 2 V a t 2 3A
:46 W
-12Vat3A
:36W
Regulationfor all these outputs is provided by the
preregulator.Spaceis saved becauseseparateregulators for each output aren't needed.
Core memory requires +20 V and -20 V supply
voltages with a higher degree of regulation, so additional regulators are used for these voltages.
Because the optimum operating voltage of core
memory varies with temperature,the *20 V and
-20 V regulators are temperature
compensated
such that they always supply the optimum voltage
to the memory. The * 20 V regulator can supply up
to 6,4'or 120W and the -20V regulatorcan supply
up to 400 mA or 8 W.
Total power output capability of the 21.OOA
power supply is therefore 492 W. We stretch it a
little and call it b00 W. Volume is 800 in3.

Oulputs
The squarewaves generatedby the inverters feed
several sets of rectifying diodes which produce
theseoutputs:

ProtectiveCircuits
The power supply could have been much smaller
14

this state; the presumption is that some part has
failed, causing a hazardous condition for the integrated circuits in the computer.
Protectionfor the power supply itself is provided
by output current limits and fuses at key points.

producesregulated
dc outputof 160
Fig.2.Preregulator
Fiveof the
voltsfor either115 V or 230 V aclinevoltage.
sevenpowersupplyoutputvoltagesrequireno further
regulation.
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if we hadn't provided such completeprotection for
the software stored in core memory, for the hardware of the computer, and for the power supply
itself. Software protection is the purpose of the Internd.lPower Up [IPU) and Power Up [PWU) signals
shown in Fig. 1. If all is well with the power supply IPU and PWU are in a high logic state (+5 V).
IPU for several 270OAcomputerscan be connected
in parallel so each computer monitors the wellbeing of all others. If IPU fails even momentarily
for any reason, PWU drops to a low logic state
for 0.5 second.When this happens the computer
starts its shutdown procedure.
IPU will go low if the ac line voltage drops below
100 (or 200Jvolts, if any of the output voltagesis
below preset limits, or if the internal temperaturesensingswitches open. The power supply will automaticallyrecoverfrom any of theseconditionsas
soon as it is corrected.
Hardware protection is provided by overvoltage
sensing,If any supply voltageexceedspresetlimits,
not only does IPU go low, but also all output voltagesare very rapidly discharged[crowbarred]'The
power supply will not recover automatically from
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UTC Time Scale To Change In lg72

Of courseclockswhichcharacteristically
lose or gain more
thanone secondin a yearwon'tneedthesetinyadjustmentsl
Thestandardtimeandfrequencyradiostationsmaintained
On January1, 1972,the time scaleknownas UTC (Coorbyvariouscountrieswillcooperatewiththe International
Time
dinated
Universal
Time,alsocalledGMT,or Greenwich
Bureauin broadcasting
Mean
thenewtimescaleandin makingthe
Time),themostcommonlyusedtimescalearoundtheworld,
adiustments
simultaneously.
The adjustments
shouldnot be
willbe slightlyaltered.ThepresentrateOffset
neededmorethanoncein 6 to 12 months,and wiltbe made
from the atomic
preferably
timescalewillbe eliminated,
andstepadjustments
in timewill
on December31 or June 30. To orovidea tradibe madein increments.of
1 secondinsteadof 0.1 second. tionalserviceto navigators
andastronomers,
who needearthThus,afterJanuary1, 1972,UTC will accumulate
relatedtime, thesestationswill broadcastinformatiorr.contime at
thesamerateas AtomicTime[AT),exceptthatwhole-second cerningthe ditferencebetweenthe transmitted
time and the
s t e pa d j u s t m e n t sc,a l l e dl e a p - s e c o n d sw,i l l b e m a d e a s
astronomical
time that is relevantfor navigation.
The differneededto maintainapproximate
agreement
encewillnot be morethan0.7 second,and willprobablybe
witha timescale
basedon the earth'srotatton.UTC is broadcastby many
broadcastwitha resolution
of 0.1second.
standard
timetransmission
In the U.S.,therefore,
stations,
including
WWV,operated
the NBSstandardbroadcastservices
by theBoulderLaboratories
of the National
Bureauof Stand- of WWV WWVH,WWVL,and WWVBwill all havezero offset
ards,U.S.Department
of Commerce,and is the basisfor
fromAtomicTimein theircarrierandmodulation
frequencies
standard
timein theU.S.
andtimesignals.
At 00 hourson January1,1972,UTCwillbe
UTC,at present,is a compromisetime scalearrivedat by
reseta fractionof a second,sufficientto give the new UTC
international
agreement
throughtheInternational
scalean initialdifferenceof an integralnumberof second-b.
RadioConsultative
Committee.
lt is a time scalethat hasbeenadjusted, (probably10.000secondslateJwith respectto AT as mainor offsetin rate,from an atomicscaleto approximately
tainedby the International
follow
TimeBureau.UTCis now about9
a timescalebasedon the rotationof the earth.Theoffsetfor
secondslate,andduringthe nextyeartheditference
willprobthe lastfew yearshas consistedof a continuousretardation ablygrowto about10seconds;thus,the resetshouldbe only
of 300 partsin 1010.
In addition,step adjustments
a few hundredmilliseconds.
of 0.1
Thereafter,
the differencebesecondare madewhenever
neededto keepUTCwithin0..1 tweenUTCandATwillalways
beanintegral
numberof seconds.
secondof a time scalebasedon the rotationof the earth.
Here'show the time-scale
changewill affectusersof HP
The needfor the changearisesfrom the fact that atomic
countersand frequencystandards.
standardsof time and frequency,e g , a Hewlett-Packard
All HPcountersand frequencystandardswill be calibrated
providea timescalethat
CesiumBeamFrequency
Standard,
to the new UTC offsetwhen shippedfrom the factoryafter
is muchmore uniformthanthe scaleprovidedby the earth's
January1, 1972.Thisis significant
to userswho are counting
rotationon its axis.The atomictime scale was chosento
All HPcountersand frequencystandardswill be calibrated
agreein ratewiththetimescalebasedon theorbitalmotionof
to the new UTC offsetwhen shippedtrom the factoryafter
theearthaboutthesunintheyear1900.Thetimescalebased January1, 1972.Thisis significant
to userswho arecounting
on thepresentrotationrateof theearthon itsaxisdiffersfrom
frequencies
to 3 X 10-8accuracyor betteror are usingHP
this by about 300 partsin 1Otoor 1 secondper year.That
frequencystandardsas calibrationreferences
and clocks.
muchvariation
in thetimescalecannotbe tolerated
by many
The 117AVLFReceiver/Comparator
user will have little
projects,
technical
problemwiththe change.The received
andscientific
so atomicclocks,whichrun
signal(60 kHzfrom
at a muchmoreuniformrate,are usedto generate
NBS, Ft. Collins)has been on zero offset(to within better
our time
scalestoday.
than 1 X 1O-ltfor severalyears:In order to calibrateto the
H o w e v e re, v e nt h o u g ht h e t i m e s c a l e su s e d o f f i c i a l l y presentoftsetof -300 x 10-10,a TimeScaleTranslator
was
throughout
theworldaremaintained
by atomicsources,it is
offeredas an option.The user can just switchoff (internal
convenient
to coordinate
atomictimewiththe timeindicated slideswitch)or removethe translator.
He thencan adiusthis
by the rotationof the earth.This is done so that navigators housestandardfor minimumfrequencydifferencerelativeto
andotherscanuseclockstodetermine
theirposition
on earth. the receivedfrequency.
He willthen be on the new UTCtime
At presentthis coordination,
betweenthe varyingrate of
scalefrequency.
theearth'srotationandthe constantrateof the atomicclock,
Userswith the 5061A Cesium Beam Standardand the
is doneby slowingdownthe atomicclockrateby a certain- 50654 RubidiumStandardcan easilymakethe frequency
fraction,and by subtracting
or addingfractionsof a second
change.The operationmanualsprovideinstructions
ano no
severaltimesa year.All theseadjustments
can causeerrors
new partsare necessary.
for thescientists
andtechnicians
involved.
50604 CesiumBeam Standardusers will need to plan
The new systemwill be much simpler;the atomicclock
ahead.A plug-incrystal(HP #05060-8002,
$100 each)is
ratewillnot be sloweddownat all,and insteadof addingor
requiredto makethe change.The manualhasall the necessubtracting
a fractionof a secondeveryfew months,everyone sary instructionsso that the user can easilydo it himself.
willaddor subtracta wholesecondoncein 6 to 12 months. A setof instructions
willalsobe sentwitheachcrystal.

