Cost-Effective,ReliableCRTTerminalls
First of a Family
Microprocessorcontroland modulardesignresultin a
computerterminalthat is powerfuland flexible,yet low in
cost.Jim Doub,engineering
sectionmanager,discusses
philosophy
the familyconceptand the
behindthe design.
by JamesA. Doub

A LTHOUGH HEWLETT-PACKARD has been in
.l(a. tne minicomputer and computer systemsbusiness for almost ten years, the Model 2640A Interactive Display Terminal (Fig. 1) is its first HP-manufacturedterminal. Beforethe 2640A, Hewlett-Packard
had relied upon other manufacturers for this key
component in its terminal-basedsystems.
HP's terminal needscalled for a wide rangeof capability at the lowest possible cost. The flexibility that
comes from physical and functional modularity and
organization was mandafrom microprocessor-based
tory to allow the terminal to adapt to new applications, changing user requirements,and new technologies. To meet these requirements, a family of terminals was conceived.The 2640A is the first member
of this family.
2640AFeatures
An easy-to-readdisplay generatescharacters us-

ing a high-resolution dot matrix. The display has a capacity of twenty-four 8O-characterlines. Besidesthe
standardRoman font, mathematicsand line-drawing
charactersets,including subscripts,superscripts,and
Greek characters are available. Additional character sets such as fapaneseKatakanaare planned. Inverse video (black on white), blinking, half-bright,
and underlining in all combinations are possible.
Control codes for character sets, display enhancements, and protected fields do not occupy positions
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on the screen and are transparent to the user.
The dynamically allocated memory is designed for
efficient storage. Spaces to the right of the end of a
line are not stored in memory. Lines that have rolled off
the screen remain in memory and are available to the
user via roll and page keys. Over 400 lines can be
stored in the terminal. Memory is expandable to
8192 characters in 2K or 4K blocks. All memory allocation is automatic and transparent to the user.
Full off-line editing capability allows the user to
verify and correct data before transmission to the
computer. The terminal transmits one character, a
line, or a page of characters at a time. Data transmission is RS-232C compatible, full or half duplex.
Connection with the computer can be hardwired or
by Bell type 103 or 2O2modems.
Easy to expand, Model 2640A is equipped with
seven poweied slots for options, memory, or peripheral interfaces. An HP Model 9866A Line Printer is
available as a terminal option. Hard copy is printed
aL 24O lines per minute.
The self-test feature makes it possible for an untrained operator to determine whether a service call
is required. If a failure occurs during the self-test,

the test yields information to allow a service person to isolate the defective module without additional diagnostics or special test instruments. The
defective module can be quickly replaced without
tools.
Design Overview
The 26404 is shown in block diagram form in Fig.
2. The product has three major and mechanically
independent sections: keyboard, CRT monitor, and
mainframe. The heart of the system is the mainframe,
which can be considered a microcomputer system.
In the mainframe is the power supply and a busoriented logic system containing the microprocessor, program and data memory, video display subsystem, keyboard interface, and data communications
interface. The basic system contains slots for two options, and an optional extender adds five more slots.
All mainframe modules are functionally, mechanically, and electrically independent, giving a high
degree of flexibility and reducing manufacturing
and service time.
The CRT monitor section contains sweep and high
voltage circuits, the high-resolution, low-profile
cathode-ray tube, and the fan when the mainframe
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Fig.2. CRTmonitor,mainframe,andkeyboardformthreemechantcallyindependentseclions,
Mainframe containss/ols lor standard and optionalmodules.Any module,includingthe power
supply, can be replaced quickly withouttools.

option slot extender is included.
The keyboard section comes in two versions depending on the application, a general-purposeversion and a simplified one with fewer keys for less sophisticateduses.
The specific functional properties of the terminal
are determined by firmware programs resident in
ROM (read-only-memory).It is theseprograms,occupying 8K bytes of ROM, that make it possible for the
terminal to have many powerful featuressuch as selftest, dynamic memory allocation, transparent control codes, and off-screenstorage.
The articles that follow describe the important
design contributions of the 2640A. Common to all of
these designs is an effort to guaranteeproduct quality. Here is the story behind designing quality into
the 2640,4'.
ProductQuality
AII users want "inexpensive quality". AII design
engineerswant to include this property in their designs. All too often, however, this desire is not realized. To ensure that inexpensive quality became a
reality in the HP 2640A, this concept had to be converted into a tangible concept that could be dealt
with in the design. We decided to measureit by the
annual cost of maintenanceexpressedas a percent of
the selling price, Inexpensive quality, then, meant
designing for a low maintenance cost with little or
no increase in the selling price. This produced a
double benefit, since a product that is easyto maintain is also easy and less costly to manufacture.
Annual maintenance cost is the sum of hardware
failure rate times the cost of repairs, operator error
rate times the cost of operator errors, and miscellaneous costs. Designing in quality simply meant establishing specific design goals and practices aimed
at reducing each component of the maintenance
cost.
At the outset, a hardware failure rate goal of less
than one failure per operating year was established
as the minimum acceptablelimit. An operating year,
defined in terms of the averageapplication of the product, was taken to include 3640 hours of power-on operation and 260 power on/off cycles. This corresponds
to 14-hour days, five days per week, 52 weeks per
year, with power turned on and off each day.
In addition to the normal HP ClassB environmental testing, a major reliability program was estabIished to predict and verify compliance with the failure rate goal. The predicted failure rate based upon
the design was 7000 hours mean time between failures (MTBF). Actual measuredMTBF, based upon
over 175,000unit-hours of field operation,is in excessof 41oo hours.
How were these results achieved in the design?

Designing for Quality
All designers submitted their modules to a design
review by a group of peers at each prototype phase.
This practice was aimed at disseminating design understanding throughout the team, justifying costs
versus benefits, justifying component selection, detecting gross errors in design, and most important,

The HP 2640A
At Work as a Data Entry Terminal
The HP 26404 CRT terminalis now being integratedinto
Hewlett-Packard's
internaldataentryand datacommunications
systemcalled COMSYS.A worldwidedistributednetworkof
minicomputer
systems,COMSYSuses dial-uptelephonelines
to link76 HP locationsforthe transferof data.Currently
over150
CRTterminalsof varioustypesare beingusedto enterapproximatelythree millioncharactersof data per day. TotalCOMSYS
trafficaverages40 millioncharactersof data per day with peaks
of over100millioncharactersper day.The26404is beingused
as an operator{o-programinterfacewith its primaryCOMSYS
use being for data entry.
Salesorders,shippingpapers,payrollinformation,
statistics
and generalmessagesare onlya few of the kindsof data being
entered into COMSYSvia 26404 terminals.Each data entry
transactionmay require several forms or formats to be displayedsequentially
on the CRTscreen.As each formatrs displayed,the operatortransposescoded data from a sourcedocumentintospecialdata freldson the screen.Eachdata fieldis
appropriatelytitled and delimitedby brackets.The operator
uses a rABkey to skip from data field to data field.A convenient
data entryfeatureof the 26404 is a "beep" that occurs when a
datafieldis filledby the operatorand the cursorskipsautomaticallyto the nextfield.Thisallowsthe operatorto hearhis or her
placeon thescreenand nothaveto lookup fromthe sourcedocument.
When the operatorpressesthe ENrER
key on the 26404, the
computer reads the data typed into the format,checks for typing or codingerrorsand displaysthe nextformat.lf any errors
are detectedby the computer,the fieldsin errorare underlined
and blinked.Each error must be corrected beforethe operator
can continuewiththattransaction.
Errorcorrectionat the point
and time of originalentryhas greatlyreducederrorratesand
time delaysand hence order processngcosts.
Each26404is operatedin a pageor formsdisplaymodeand
currentlyinterfaces
to an HP 2100AComputerthrougha separate interfacecard. COMSYSsupoorts a maximumof four
2640A'sper systemwith capabilitiesfor up to 16 per system
plannedfor 1976.By parallell/O, the computercan simultaneouslydisplayformatsor read data on all four 2640A's.This reducesthe waittimeof any one operatorto almostnothing.Each
terminaloperatesindependently
of the otherterminalsand can
be used to enter any type of transactronthat has been programmed,In addition,the computeris multiprogrammed
to allow othertaskssuch as printingor transmission
to occur simultaneouslywith data entry,
CombiningHP computersand CRTterminalsis provingto be
the fastest,least expensiveand most reliableway to accomplishdata entry.Responseto the 2640Ahas beensuchthat an
all264OA data entry system is almost certainly in HewlettPackard'sfuture.
Terry Eastham
COMSYSSystemsAnalyst
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encouraging the designer to have an exhaustive understanding of his design.
All components used in the 2640A ultimately
were reliability qualified. Component types and values were consolidated by almosI SO% to reduce the
number of potential component-related reliability
problems and reduce the materials handling costs
both in the factory and the field. In some cases more
expensive components were used if they reduced the
total product cost (selling price plus maintenance
cost). The contactless magnetic keyswitch used on
the keyboard is an example.
The cost of operator errors is reduced by localizing and solving these problems at the user's site
by the operator. The built-in self-test feature tells
the user quickly whether the hardware is the offending element. An easy-to-read manual aids the user in
resolving any application issues.
Repair costs break down into several components:
problem verification, fault isolation, fault repair, and
performance re-verification. The majority of zO4OA
problems can be quickly verified and isolated to the
modular level simply by using the self-test feature.
More exotic problems are diagnosed using the microdiagnostic supplied with the service kit. Repair in
the field is done rapidly to the modular level and is
aided by the no-tools pop-in/pop-out packaging system. Performance verification is again quickly done
using self-test. Repair of modules is done quickly
and economically on computer-based automatic test
systems at the repair depots.
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A FunctionallyModularLogic System
for a CRTTerminal
by Arthur B. Lane

ONTNOLLING THE FUNCTIONS of the 2640A
f
CRT Terminal is an internal microcomputer
\,
system. This system does almost everything in the
terminal except generate the character dot patterns
and drive the CRT. The basic elements of the system
are a single chip microcomputer (often called a microprocessor) and a terminal bus.
The logic system design objectives of flexibility,
adaptability, and cost effectiveness led to a modular
microprocessor-controlled approach (Fig. 1). The
major subsystems of the terminal were partitioned
into individual printed circuit cards, all of which
plug into the terminal bus. This provides many benefits, such as ease of maintenance and convenient addition of options. Also, since the 2640A is the first in
a family of terminals, modules can be common to
several products, thereby easing manufacturing and
service. A major benefit to the designer and ulti-

Terminal
Power
Supply

mately to the user is the easeof upgrading individual
modules or adding new ones when new technology
makes cost or performance improvements possible.
The benefits of microprocessor control are, for the
user, advanced features at low cost, and for the factory, flexibility as a result of the ease of reprogramming. For these reasons, microprocessor control was
selected over hardware wherever possible. The bus
and logic modules were designed to be processorindependent so other microprocessors could be
added later without major system redesign.
Terminal Bus
A major element of the logic system is the terminal
bus, a printed circuit board with connectors, which is
attaohed to the bottom of the terminal mainframe and
to the power supply. The terminal bus distributes
power to the individual modules and provides data,
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Fig, 1. Terminalbus is the backbone of the modular 26404 logic
system. The bus has seven s/ots
for the basic terminal printed circuit modules,and two for options.
An optional bus extender adds
five more slots.
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address, and control lines for communication between the various logic functions. The terminal bus
provides communication paths between processor,
memory, inpuUoutput, and display refresh on a
shared basis.
Before any module could be designed and placed
on the terminal bus. rules had to be establishedto
maintain electrical and operational compatibility.
Standardshave been set for bus drivers and receivers
on the data, address,and control lines. A number of
modules need to share control of the terminal bus. so
a protocol hasbeen establishedto decide which module has the bus and which will get it next. Also, conventions for data flow, addressing, and timing are
standardized.All operations are synchronized with
the system clock, but may be of various lengths (for
example, for slow or fast memory).
Important features of the bus control scheme are
its simplicity and flexibility. Address and data are
stablebeforeand after they are actedupon, so clocked
registers or latches can be used on any module for

ldle
BusBld
BusObtained
Request (Begin Acc€s)
Wait (Clock Input ln)
Release (Hold Ourpul)
ldle

Fig. 2. Each module has bus
interface logic and ls assigned a
priority based on lts posltion.
The timing diagrams and truth
table show fhe states of various
control lines during a typical
bus cycle. FEeuEsris the command that ultimately causes the
desired action to occur.

data input. The design is very conservativeand eliminates logic race conditions and timing problems.
Asynchronoustiming allows mixing of memory technologies,but the synchronousclocking makesit easy
to design the individual modules. All modules are
slot-independent and carry their own select code or
memory address.This easesconfiguring. There are
only two rules: group the three display modules together, and leave no empty slots between the power
supply and the last module.
A bus accesscycle begins when a requesting module determinesit needs the terminal bus for instruction or data fetch or inpuUoutput. If the terminal bus
is busy, the requesting module must wait until it is
available. To determine who gets the bus next, a
priority chain has been established. The modules
nearest the power supply are first in the priority
chain, and a module wanting the bus next breaks
the chain for modules farther away from the power
supply.
When the bus is not busy and the requesting

cycles or statesnecessaryto multiplex data and address to and from the processorchip. Inputs to the
microprocessor chip include power, two clock inputs, an interrupt request,and "ready", a signal that
synchronizes the processorwith the bus.
The microcomputer module hasbus requestinglogic as previously described.Bus requestsfor memory
or I/O are decoded by the state decoder logic. The
clock generatorprovides the two-phase clock inputs
to the processor and generatesother timing information which. when combined with the statedecoder
outputs, controls the other module functions.
During a typical instruction fetch, a sequenceof
processorcycles will output the addressto holding
registers(upper and lower of halves of the 14-bit address), wait for the memory, input the instruction,
and finally execute the instruction. The instruction
execution could begin additional cycles and bus accessesfor data, or additional inshuction bytes (instructions can be up to three bytes long).

module has priority, then the requesting module
is granted the bus. The requesting module then begins the bus cycle describedin Fig. 2. Using the control lines wRITEand lo, the requesting module specifies a memory read, memory write, input, or output
operation. It also provides the addressofthe destination module. The key signal in the bus cycle is nrwhich is the action command that causesthe
QUEST,
modules to act upon the address and control information. The walr signal is used to extend a bus request cycle until data is ready. When the controlling
module is finished, it releasesthe bus.
MicrocomputerModule
The most important module to use the bus protocol is the microcomputer module. A commercially
available microprocessor was selected over the alternatives of designing a custom LSI chip, which
would have been expensiveand time-consuming, or
using standard logic, which would have taken too
much power and space.
The microprocessorchip has 48 instruction types
of one, two, or three bytes (characters)each, an accumulator, six registers, a program counter, an address stack for seven subroutine levels, and addressing capability of 16,384 bytes of program or data
memory. The microprocessorchip alone could not do
the whole job, so it was combined with standardlogic
functions to create a microcomputer card, Fig. 3.
The microprocessor chip has an eight-bit inpuU
output bus. This bus is used not only for data, but
also for a fourteen-bit addressfor memory and inpuU
output operations. Four control outputs from the
microprocessorchip are used to decode the various

Two other logic blocks, interrupt and restart, provide special functions for the microcomputer module. The interrupt logic initializes the microprocessor
chip when power is turned on. Thebus "powet-on/reset" signal activatesthe interrupt signal to the processor, causing a special instruction to be fetched which
starts the processor executing programs at memory
location zero.
The restart block implements a conditional program interrupt to help service the data communications (computer) input. Restarts are placed in the
program wherever an interrupt would be acceptable,
but they are acted upon only when the hardware re-
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Fig. 3. Microcomputer module
controls all terminal functions
except generation of character
patterns and CRT drive. A commercially available single-chip
microprocessor is its principal
component.

Data Communications
When it communicateswith a computer system, the 26404
CRT Terminal is an ASC|l, asynchronous,RS-232C-compatible terminal. This means that it conforms to the United
States of America Electronic IndustriesAssociation Recommended Standard RS 232C (almost identicalto CCITT V24),
which defines electrical,mechanical,and logical interface
data transmission.
standardsfor bit-serial,character-serial
Data charactersare encoded accordingto the AmericanStaninterchange(ASCll).Synchronization
dard Code for inJormation
betweensenderand receiveris on a characterbasis ratherthan
Most comis asynchronous.
a block basis,i.e.,transmission
puter terminalsand all Hewlett-Packardcomputersystemsuse
these same specificationsfor data transmission.
rates:10, 15,30,
The 26404 providesfive data transmission
120 and 240 charactersper second.*Thereis also a special
data clock input for externallygenerated transmissionrates.
This externalclock allowsthe computerto set the transmission
data rate at the receiver.The terminalalso providesoutputdata
clocks for its five transmissionrate settings,allowingthe terminalto providedata timing.The use of externalclocksis allowed only when the computer and 26404 are connected directlywithouttelephonelines.
Communicationover telephone lines requires a modem
(modulator/demodulator),
or Data Set as it is called by the
Beli Telephone System. The 26404 is compatible with two
modemtypes, BellTelephoneDataSettype 103 (30 characters
per secondor less)and type 202 ( 120 charactersper secondor
less). Both of these modems support the asynchronousdata
transmission.

Hardware and Firmware
Data communicationsin the terminalis both a hardwareand
a firmwarefunction.One o1the standard terminalmodules is
the basic data communicationscard. This input/outputcard
has the necessarylogic to interfaceto the terminalbus and to
the RS 232C interface.The card performs parallelto-serial
and serial{o-parallelconversionof data. The drawing showsa
block diagramof the card.
The RS 232C interlace is implementedwith special buffer
integratedcircuitsthat convertinternallogic levelsto those required by RS 232C. The control registerholds information
about the data format and the transmissionrate; it is loaded
from the microfrom the terminalbus by an outputinstruction

processor.Two otherbits in the controlregisterimplementan interface controlline (Requestto Send) and a break or interrupt
conditionon the data out line.The baud rate generatoris a set
of binary countersthat divide the bus clock down to frequencies requiredfor the standardtransmissionrates.The outputs
of the counters are selected by logic controlledby the baud
rate code in the control register.
The universalasynchronousreceiver/transmitter
(UAR/T)is
an LSI integratedcircuitthat accepts paralleldata out from the
bus, serializesit, and adds the framingor synchronizing
bits
(start and stop). The UAR/T performs the reverse process
for incomingdata, convertingserialdata to parallelinformation
and removingthe start and stop bits. The UAB/T generates
and checks parity if the control register contains the proper
control code, and also detects data overruns.A status word
gives the processor informationabout the data communication interfaceand the UAR/T.The hardware on the card has
been minimizedto keep the majorityof controlin the firmware
programs executed by the microprocessor.
The terminal firmware for data communicationshas three
main functions. First, the program transfers control settings
from the keyboard, along with parity, transmissionrate, and
operatingmode (fullor half duplex)to the data communications
hardware.**
The same programsimplementthe transmitlight,
remote/localswitch,and the break key.The second functionof
the firmwareis to processinputcharactersand to transmitdata
characters.Manydecisionsare madeon incomingcharacters,
especiallyon ASCIIcontrolcodes.The data communications
card basicallyacts as an input/outputdevicefor these terminal
programs.Thefinalareaof concernis modemcontrolusingthe
interfacecontrollines on the data communicationsboard. The
directconnectcase and the Belltype 103 modemrequireminimum programcontrol,whilethe Belltype 202 modemis more
complicated.The type 202 modem allows data transmissionin onlyone direction,so the modemcontrollinesare used
by the terminaland computerto "turnthe linearound"whenthe
directionof dataflow needsto be changed.The programlogic
to, do this is combinedwith other firmwarethat rmplements
blocktransfer.Thecomputerdecideswho is to transmitand when.
.Data
transmission
rates
areusually
expressed
in baud,
which
corresponds
here
to bitsper
second.Eachcharacter
is 10 or 11 bitslong.
.-Hall duplex:terminaldisplayskeyboarded
characterand transmitsit to computer.Full
duplex keyboard
transmitscharacter
anddisplaysfiarader returnedby computer.
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Data communications module.

quires an interrupt. When the arrrNnoN line of the
terminal bus is low, indicating a processorinterrupt
request, the restart instruction causesa subroutine
call to a special program to handle the needs of the
data communications module. If arrrNrtoN is not set,
the restart is changed to a no-operation and the program continues.
TerminalMemory
Like any other computer system, the microcomputer module is useful only if it has a program to execute and memory in which to store data. This is the
function of the terminal memory modules, which are
of two types, read/write or random-accessmemory
[RAM) for storing display charactersand data, and
read-only memory (ROM) for storing terminal programs. Terminal programs are called firmware because the ROM makes them more permanent than
software but less permanent than hardware. In the
2640A, one half of the available memory is dedicated
to ROM or program memory and the balance of the
availablememory locations,8192 bytes,can be used
for RAM. AII of the terminal memory is (MOS) semiconductor memory.
All of the memory modules,whether ROM or RAM,
have their own independent control logic. The address logic uses the terminal bus control inputs and
the most significant addresslines (from 4 to 6) to decode the requestedmemory addressand compare it
to its own module address.Eachmemory module carries a jumper network to allow a memory start addressto be assignedto that module. Wheneverthe module is accessedfrom the terminal bus, the timing
and control logic provide control inputs to the
memory chips, control data in and out of the module,
and respond to the bus when the module has completed its read or write operation.
The basic memory module combines both ROM
and RAM, and storesprograms and data for the standard zo+oA terminal. All of the terminal's ROM is on
this module.Therearefour ROMs,eachof t0,ga+bits
organizedas 2048 x 8 bits. The beginning of ROM is
location 0 of the memory addressspace;this is where
the microcomputer module looks for its first instruction when power is turned on. AIso on the basic memory module are 1O24bytes of static RAM memory.
Optional *2K and +4K RAM modules are added
when more random-accessmemory is required for
display and data storage.The optional RAM modules
use the semiconductor 4Kx1 RAM chip used by
HP's 21MX computer family,lwhich requires periodic refresh to retain its contents. Both memory options provide additional control logic to perform
this refresh function. This added control logic acts
in conjunction with the basic control logic to perform
pseudo-readson sixty-four row addressesevery two
milliseconds. The *2K-bvte memorv doesthis bv re-

questing control of the terminal bus every two milliseconds and performing a burst refresh lasting about
40 microseconds.The module requires conhol of the
bus for gating the refresh address counter onto the
bus and back into the memory address inputs. The
+4K-byte option doesit somewhatdifferently, taking
a cycle-stealingapproach.A refreshoperation is done
once every 32 microsecondson one row address
when the memory module is not busy. After sixtyfour of these individual row refresh cycles, the twomillisecond refresh requirement has been fulfilled.
The addressis gated to the memory chips within the
module so no terminal bus operation is required.
InpuUOutputModules
Also a part of the logic system are the three terminal inpuUoutput modules: the keyboard interface
card, the data communications card, and the eight-bit
duplex card (usedfor the HP 9866A Printer interface).
None ever requests control of the bus, but all must
respond to commands from the microcomputer and
its programs.
The basic I/O commands output data or control
from the microprocessor and input data or status
from the interface module. Each of the I/O cards has
different data and control formats, but all are controlled by the microcomputer. Each I/O module has a
rear edge connectorfor the attachmentof a connector
hood and cable assemblyto carry the signals out the
back of the terminal.
The display subsystemhas two functions that use
the bus. Cursor control is an output function and the
DMA refresh is a bus requestor for memory read
operations.@
Reference
"All Semiconductor
Memory Se1. R.]. Frankenberg,
Iectedfor New MinicomputerSeries,"Hewlett-Packard
fournal,October1974.
Arthur B. Lane
Art Lane receivedhis BSEEdegree from TexasA&M University
in 1969and his MSEEfrom Arizona StateUniversityin 1970,
He came to HP in 1972with experiencein data communications
design.His principalcontributions to the 26404 were the data
module,the 2K
communications
and 4K RAM options,and the
orinterinterface.Art was born in
LakeJackson.Texas,and now
livesin Sunnyvale,California,
just two blocksfrom HP's Data
SystemsDivision,with his wife of
six years.He enjoysbackpacking
trips,playstennisand chess,and is a studentof the Bibleand
the historyof WorldWar ll.

10

A High-ResolutionRasterScan Display
by Jean-ClaudeRoy

f MPORTANT DESIGN OBIECTIVES for the disI play of the 2640A CRT Terminal were high quality
and legibility of characters,along with low cost,high
reliability, and easeof manufacture.
A raster scan deflection method, similar to that
used in television sets,was chosen over the directed
beam method used in oscilloscopesand some CRT
terminals. In a raster scan display, the electron beam
traversesthe screenin a seriesof closely spacedhorizontal lines, starting from the top. Characters are
formed from line segments and dots produced by
turning the beam intensity on and off at appropriate
times.
For a low-cost alphanumeric display, the raster
scan method offers several advantagesover the directed beam. It doesn't require accurate,high-speed,
and therefore expensive digital-to-analog converters, Instead, it uses counters on both axes to Iocate dots and characters.Second,the deflection circuitry need not have wideband, essentially identical
channels; each axis can be optimized for its particular operating rate. Similarity with television techniques allows the use of low-cost television components in the deflection and high-voltage circuits. Finally, the raster display minimizes the power consumption of the monitor by means of en energy-conserving flyback-type horizontal deflection circuit
(seebox, page 14).
The 2640ARaster
The 26404 uses a low-profile CRT to keep overall
height to a minimum while maintaining a screencapacity of tgZO characters,partitioned into 24 rows of
80 characterseach.All of the characterpositions are
fundamentally rectangles7 dots wide by 9 scan lines
high. Four additional scanlines beneaththe 7 xg matrix are used for the descender areas of lower-case
characters,for underlining, and for the blinking underscorecursor. One other dot is used on either side
for character-to-character
spacing, and one scan line
is reservedat thetop and bottom for row-to-row spacing. This results in a character cell of g dots by 15
scan lines replicated over the entire screen area (see
Fig. 1).
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A 25th row of 15 scan lines is used for the vertical
retrace interval. Thus the total line count is 375 scan
lines per frame. Domestic terminals operate with a
60-Hz frame rate, so the line rate is 375 x 60 Hz, or
22.5 kHz This nonstandard line rate is used in the
2640A for two reasons.First, only the lines needed
are generated,and second, an ultrasonic horizontal
deflection circuit eliminates the 15.75-kHz"whine"
that is characteristicof most raster-scandisplays and
is sometimesbothersometo operators.
Twenty-four additional column positions are used
for horizontal retrace.With I dots per column a total
of rOe column countsor 936 clock pulsesdefineeach
scan line. This establishesthe basic display clock at
9 3 6 x 2 2 . 5 W I z o r 2 1 . 0 6 0M H z .
Half-Shiftand CharacterEnhancement
Fig. 1 illustrates an alphanumeric character designed around a standard 7-by-9 dot matrix. Because
of the limited resolution of the matrix, most of the
character's curves look somewhat jagged. This can
be greatly improved by means of a horizontal shift of
one-half dot to the right, thereby allowing dots to ap-

Fig.1. Basic2640A character cell is nine dots wide by fifteen
scan /lnes high, including spaces between characters and
rows. Diagram at left shows an alphanumeric character designed on the basic 7 x I dot matrix. At right is the same
character as il appears in the 2640A with the horizontd halfshift.

character sets can be stored within the terminal.
Three display features are also added: half-bright,
underline, and blinking fields. All sixteen possible
combinations of the four display features can be applied to any character or characterson the screen.
No displayable character positions are required to
start, stop, or modify either the features or the character sets. Therefore, consecutive characterson the
screen may be from different sets or have different
display features.

Fig.2. Optional2640Aline drawing charactersetis used for
-':)^ g^'^^a^
^^a
information.
I d P I t J , d I t u cictorial

gt IvJ

,

l\

pear between the seven unshifted horizontal dot positions of the matrix. These interstitial dots increase
the effective resolution of the cell to 13 by 9 points for
an upper-case character. Fig. 1 also illustrates the
same character enhanced by means of the half-shift.
Alphanumeric and Microvector Character Sets
Two types of character sets can be stored within
the 2640A Terminal: alphanumeric sets and microvector sets. Alphanumeric sets support the primary
use of the 2640A, displaying textual and numeric information. Characters are designed around a basic
7x9 dot matrix with provision for lower-case descenders. The characters are embellished by use of the
half-shift. With this type of set the character-to-character spacing of two dots is hardwired. This prevents
the design of characters that would form continuous horizontal lines. However, all rs scan lines of
the row are available so that vertically contiguous
symbol segments can be designed. An example of
this is the three-row-high integral sign found in the
math symbol set.
Microvector sets use the entire 9-dot-by-15-scanline character cell without the half-shift. This allows
characters to be designed with both horizontal and
vertical continuity. This type of set finds its greatest
application where a minimal set of graphic kernels
is needed to represent more complex pictorial information. Fig. 2 illustrates the use of the line drawing
set in representing a form or application blank.
Display Features and Alternate Character Sets
The basic 2640A Terminal has a repertoire of 64
alphanumeric characters (128 optional) and one display feature, inverse video fields (black characters on
white backgrounds). With the addition of the display
enhancement board, up to three additional 128-
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DisplayCircuits
A simplified block diagram of the basic display
subsystemis shown in Fig. 3. The subsystemis divided into two major portions: display memory access (DMA) and display timing and control logic.
The function of the DMA is to fetch blocks of ASCII
characters from the memory and load them into a
line buffer. The display logic convertsthe ASCII characters in the line buffers into a video signal. It also
generatesthe CRT monitor drive signals and initiates
the DMA's memory transfers.
There are two line buffers, each holding 80 eightbit words. Seven of the eight bits are for the ASCII
codes of the 128 charactersaddressableby the basic
system, and the eighth bit is for the inverse video
function.
At the start of each new row the appropriate line
buffer is selectedand an initiation command is sent
to the DMA. The display logic circulatesthrough the
80 words of the new line buffer fifteen times, once for
each scan line of that row. The ASCII data forms the
seven most significant addressbits for the character
ROMs. The four least significant ROM addressbits
are supplied by the modulo-15 scan-line counter.
The characterROMs then output the proper control
signals for the CRT monitor.
After the initiation command the DMA continues
threading through the chained display memory and
loads the second line buffer with the next line to be
displayed. Each displayable character encountered
is loaded into the line buffer. This continues until 80
charactersare loaded or an end-of-line [EOL) or endof-page (EOP) control word occurs. When either of
these occurs the DMA finishes the line or page with
blanks.
If a display control word is found with the inverse
video bit set, the DMA sets its inverse video buffer
flip-flop. AII subsequentcharactersin the line buffer
are then inverted until a new display control word is
found in which this bit is not set.Thus the inversevideo display feature may start and stop anywhere in a
row without wasting characterpositions.
Once per frame a synchronization signal is sent to
the DMA during vertical retrace to force the address
registerto the first word of the display memory. This

DisplayFeatures
trom Enhancement
Board
Display Logic
ru:.::ir;lr::;tirirl:ll:tallr]ltrtl|:i::;rlit,:l

To
Monitor
Halt-Bright
Horizontal Drive
Video
Vertical Drive

Fig.3. 26404 display subsystern.

The horizontal logic generates the horizontal
blanking signal to turn off the CRT beam during horizontal retrace. It is also the source of the horizontal
drive signal for the monitor. Similarly, the vertical logic provides the vertical blanking and drive signals.
The shifter is controlled by bit 0 of the ROM output
word, which is the half-shift control bit. When it is
set the shifting signal sent to the parallel-to-serial
converter is delayed by one-half clock period. This
has the effect of shifting the serial dots one-half dot
width to the right.
The output of the parallel-to-serial converter is a
serial bit stream. It is merged with the inverse video
control signal, blanking signals, any display signals
from the display enhancement board, and the cursor.
The resulting composite video is finally sent to the
monitor's three-state video amplifier. There it is
merged with the half-bright signal to form characters
of either full, half, or no intensity.
The cursor's position is loaded by the processor into X-position and Y-position latches. These absolute
coordinates are constantly compared against the
instantaneous row and column positions of the beam
as it sweeps the raster. Upon coincidence a cursor signal is sent to the video logic.

insures that the display hardware and the firmware
pointers operate in unison and no inadvertent rolling of the screen occurs.
The sequential operation of the DMA depends on
the data control logic, which decodes incoming memory links, EOL, EOP, ASCII characters, and display
control words. ASCII characters increment the column counter and all memory fetches halt when this
counter reaches 80 counts. Data transfers are initiated
for the next row upon receipt of the interrupt command. which clears the counter. All bus-related
operations are handled by the bus controller logic,
which requests the bus and controls the transfer
operation.
The source of all raster synchronous timing is the
display clock of 21.060 MHz. A nine-bit ring counter
provides dot-related timing signals for the half-dot
shifter and drives the character/column counter. The
output of this modulo-104 counter is at the horizontal
line rate of zz.s kHz. The scan lines are subdivided into
clusters of 15 per row by the modulo-15 counter. In
turn, the rows are divided by 25; 24 are displayed on
the screen and one is for vertical retrace. Finally, the
60-Hz frame rate is again dividedby 24 to provide the
2.S-Hz blinking signal for the cursor.
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26404 Sweep System
to yokecuramountof electronbeamdeflectionis proportional
The TTLvertirent,so this methodprovidesexcellentlinearity.
cal drivesignalis normallyhighduringthe sweepand goes low
duringverticalretrace.
To avoid the annoyingwhistlethat radiatesfrom most CRT
circuitsare designed
systems,the horizontal
and high-voltage
Cost
to operateat a linerateof 22,500Hz,wellaboveaudibility.
television{ypecomponwas kept down by usinginexpensive
entswhereverfeasible.Powerwas minimizedby usinga standard "ringing"yoke circuit,which is typicalof most high-frequencyCRTscansystems.The linearity
coil is an inductorspeintroducedby the
cificallydesignedto correctfor nonlinearities
horizontaloutput transistorand yoke.
Sweepwidth is controlledby varyingthe voltageappliedto
the horizontaloutput transistor.This method has the advantages ol eliminating
a variableinductoras a width controland
reducingcircuitsensitivity
to powersupplyvariations.
George Crow

Thesweepsystemof the26404Terminal,shownin the block
diagram,is designedfor goodspotsizeand definition,
stability,
alongwithlowcost,low power,and highreliability.
and linearity
aspectratioof
TheCRTis a customdesignwitha low-profile
f i v e i n c h e s b y t e n i n c h e s ( 1 2 . 7 x 2 5 . 4 c m ) , o p t i m i z e dt o r
text.The deflectionangle of 70', largeneck dialphanumeric
ameterof 2.85 cm, and electrongun designprovideoutstanding resolution,both at the center and at the cornersof the
screen,with no sacrificeof brightnessor efficiency.
ThevideocircuitreceivesTTLvideosignalslromthe display
systemand amplifiesthemto a levelsuitableto drivethe CRT.
Goodspotcrispnesson the screenrequiresa fast signalat the
20 ns on and 40 ns off. An optionCRTcathode-approximately
levelthat can be actuatedby the disal featureis a half-bright
play logic.
that generTheverticalscan circuitconsistsof an integrator
atesa voltagerampand an amplifierthatdrivesthe verticaldeflectionyoke with a current proportionalto the ramp. The
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These line buffers are in parallel with those on the
DMA and under its control. This has the effect of
widening the DMA line buffers to include the other
display featuresand alternate-setselect bits without
burdening the minimum system.
The secondfunction of the DEB is to hold the three
setsand to control set selecadditional 128-character

DisplayEnhancementBoard
The display enhancement board (DEB) has two
functions. First, it is the source of the half-bright,
blinking, and underline display features and the
characterset selectbits. Theseare obtainedby loading
additional line buffers located on the DEB when a display control word is found in the display memory.
14

bits from the line buffer are decoded and are used to
enable one of the four character sets. When an alternate
set is selected, the basic character set is disabled.
The shifter on the DEB is slightly more complex
than that in the display logic because the microvector sets use the entire 9-dot-by-15-scan-line character
cell. The set type jumper of the selected set is read
and the appropriate logic within the shifter is activated.

2640A Power Supply
The powersupplyused in the 26404Terminalwas designed
to meet severalimportantdesign objectives.lt had to be capable of supplyingenoughpowerfor the maximumdemandsof
the terminalplus some excessfor futureexpansionof the system, lt had to satisfythe regulationrequirementsof the system
electronics,
but be efficientand fit in a reasonably
smallspace.
It had to be low in cost and easy to manufactureand repair,
The powersupplyis designedto operatewith an inputvoltage of 88 to 125 voltson a nomtnal11S-voltline or 196to 250
volts on a 230-voltline,and at a f requencyot irom 47 to 64 Hz.
The output soecificationsare:
Output Voltage
+5+3%
+ ' 1 2+ 5 / "
-12 +5%
-42 +10, -5o/"

Character ROM Organization
The basic 2640A has a single 64-character alphanumeric set. It is stored in an 8192-bit bipolar ROM, organized as 1.024words of eight bits each. Each character occupies 16 consecutive words of which 15 are
addressed, one per scan line. This allows the design
of vertically continuous special characters that cross
row boundaries. Bit 0 of the eight-bit word serves as
the half-shift control bit. The other seven bits correspond to the seven dot positions of the basic character cell. When 128 characters are desired a second
ROM is added. It stores the 32 lower-case characters
and the 32 control characters of the ASCII set.
Microvector character ROMs have 9216 bits organized as 1024 words of ninebits each. Again each character occupies 16 words of which 15 are addressed.
In this case each bit corresponds to a dot on the
9-dot-by-1s-scan-line character cell. The two types
of ROMs are physically identical and interchangeable. Elechically, the ninth output bit of the microvector ROM is an enable input on the alphanumeric
ROM. This difference is taken into account bv the
jumper logic and in turn by the shifter.

OutputCurrent
2Amin,6Amax
1.5 A max (3A max pulsed)
1.5 A max (3A max pulsed)
0.6 A max

Efficiencyis about 70%. The supply providesfull output
power of 92 watts with an input power of 125 watts,
A switchingmode powersupplywas chosenbecauseof the
e f f i c i e n c ya n d s p a c e r e q u i r e m e n t sT. h e i n c o m i n gp o w e r
passesthroughan RFIfilterand then is eithervoltage-doubled
(11S-voltoperation)or rectified(230-voltoperation).
Switching
transistors
areturnedon alternately
and theiron timesare modulated to regulatethe output voltages. Base drive for the
switchingtransistorsand primarycurrentsensingis done by
t h r e e s m a l l t r a n s f o r m e r sm o u n t e d i n o n e c a s e . O n l y t h e
+s-volt output is sensed and directly regulated.However,
matchingbetweenthe suppliesis good enoughso that they
all stay withintheir rated voltagetolerances,A circuiton the
regulatorcard senses a low line condition,and completely
shutsdown the supplybeforethe linevoltagedropsenoughto
put the supplyout of regulation.
Whenthe lineagainrisesto the
minimumlinevoltageat whichthe supplywillregulate,the supply willagainstartnormaloperation.
A currentlimitcircuitshuts
down the supply if primarycurrentbecomesexcessive,The
supplywillrecoveroncethe sourceof the overcurrent
condition
is removed.
To make repairand manufacture
simple,the supplyis constructedon two printedcircuitboards,One,the motherboard,
containsthe power elementsincludingall largefilters,inductors,and switchingtransistors.
The smallerboard containsthe
low-levelcomponentsand regulatingelements.The entire
power supply can be removedfrom the terminalwithouttools,
or the low-levelcard may be unpluggedfrom the supply.The
printedcircuitlayoutwaskeptsimpleand opento alloweasyaccess to all components.Severaltest pointsare includedto aid
troubleshootrng.
Costswere minimizedby using integratedcircuitswherever
possibleto keep componentcountdown. Onlyfourtransistors
are used in the supply.Couplingtransformers
are used to isolatethe primaryand secondarycircuitsbecauseof theirreliability and low cost. Except for the inductors,all the components
used in the powersupplyare standardoftthe-shelfitems,and
were selectedfor cost and reliability.
George Crow
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tion. Six ROM socketsare provided for 64-character
ROMs. Each set is jumper-programmable for either
64 or 1,28charactersand can be of either the alphanumeric or the microvector type. The two set-select
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Firmwarefor a Microprocessor-Gontrolled
CRTTerminal
by ThomasF. Waitman

tTr HE HP 264OACRTTERMINAL was from the very
L beginning viewed as the first of a family of terminals that would serve many different needs. To
implement this goal without making large changes
in the basic hardware, it was decided that wherever
possible, the required logic would be implemented
in firmware (microprocessorprogramsstoredin readonly memory).
The firmware approach has made it possible to
make almost all of the functions of the terminal operate
the way the typical user would like them to operate.
Many of the more powerfuI functions are transparent
to the operator.In a conventionalterminal, most or all
of the logic is implemented in hardware, and there are
frequently compromises in how the features work becauseof the complexity of the hardware required to
handle special conditions. While this factor is still
presentin a firmware-basedsystem,it is much easier
to handle special situations in a way that is consistent
with what the user would reallv like.
SystemMonitor
The monitor is a section of the firmware that dispatchesdata within the terminal. The processornormally executesa basic loop, in which it scansthe keyboard and the data communications interface and
waits for something to happen (see Fig. 1). When a
characteris received from either the keyboard or the
data communications interface a general character
interpretation subroutine is executed to determine
the action to be taken. The monitor then performsthe
specified functions, such as putting a character on
the display, transmitting a character over the data
communications interface, or moving the cursor.
When this has been completed, tlre monitor returns
to the basic scan loop to look for the next input.
l/O Subsystem
The I/O subsystemcontains the firmware required
for performing all inpuUoutput functions. The firmware operateswithout the benefit of a true interrupt.
All inputs from devicessuch as the data communications interface and the keyboard are found by scanning these devices.If a new key depressionis detec16

ted, the key number associatedwith this key is calculated and used as an index into a table that assigns
a code to the key. If the key is one of the ASCII keys,
the proper code is determined based on the state of
the control, shift, Iock, and caps lock keys.
If the key in question is not one of the ASCII keys,
the firmware may be required to generatea multiple
character sequence consisting of an ASCII escape
character followed by one or more characters that
define the escapesequence.Keys in a third group do
not generatecodesat all, but simply perform internal
terminal functions, such as block mode, remote, and
caps lock.
I/O associatedwith the display is minimal because
the display memory access module (DMA) causes
the display to be refreshed without processorintervention. Display I/O control mainly involves transmitting the cursor coordinates to the display whenever necessaryand turning the DMA off whenever
there is a potential interaction between the firmware
and the DMA.
Data communications is a good example of an area
where a great many hardware/firmware tradeoffs
were made. Originally it was felt that the processor
could do the parallel-to-serialconversion of the data.
Later, it becameclear that the processordid not have
the necessaryspeed to perform this function, so the
function was implemented in hardware. This made
the firmware required for the Bell type 103 modem
and for hardwired connections trivial.
The problem of data communications protocol for
the type 202 modem was more complex. A significant
amount of firmware development time went into the
definition of.the2O2protocol to makethe 2640A compatible with existing HP systems. The basic algorithms are entirely implemented in firmware and
make the 2640A a slave to the external computer.
CursorMovement
The 2640A firmware contains many subroutines
for moving the cursor around on the display. AII cursor movement is handled by the firmware. When a
character is typed on the keyboard and appears on
the display, the cursor movesto the next column posi-

to managementof the display memory. In addition to
the obvious fact that most of the 2640A is centered
around the display, several crucial design decisions
led to this result. Early in the design the decision was
made to use memory as efficiently as possible, because this would make it possible to store a maximum amount of useful information on the display.
Most conventional terminals use a byte of display
memory for every displayable position on the CRT
screen.If there are many short lines, as is frequently
the case,there is a substantialamount of unused memory. The 2640A does not allocate memory for character positions to the right of the last character entered, so this memory is availablefor other purposes.
It was also felt desirableto be able to turn on or turn
off the various display enhancementsand character
set selections, or start and end unprotected fields,
between individual characters without an intermediate blank character position. With these features, the address of a character occupying a given
row and column cannot be directly computed without somesort of scanningprocess.Becausecost considerations allowed no special hardware for moving
data around in memory and for scanning, a scheme
had to be designed to permit fairly rapid movement
through memory by the processor.
The display memory consistsbasically of a linked
list of fixed-sizeblocks of RAM (seeFig. 2). This list is
set up in such a way that the DMA can start at the first
addresson the screenand follow the list to producean
entire screenof information. AII memory not currently
allocatedfor display use is kept on a free-storagelink
list. Individual rows are linked with next and preceding rows, while blocks within a row are linked
only in a forward direction. The storage allocated
for a row may be as little as one block (f 0 bytes), or
much larger than 80 characters,depending upon the
number of displayable and nondisplayable characters needed to createthe row on the CRT.
The firmware finds the addresscorrespondingto a
given characterposition by starting at the last known
position and moving through the list either backward or forward until it finds the new address.If the
end of the list is found beforethe row in question has
been found, blocks are removed from the free-storage
list and used to create new rows. Once the correct
row has been found, the firmware searchesfor the
cursor column. If the end of the row is found before
the column has been found, additional blocks are removed from the free-storagelist and used to build the
length of the row out to the column required. Whenevel a block is required and the free list is empty, an
existing row must be releasedfrom display memory.
This row is the first row of memory if the addition is
at the end of memory, and is the last row of memory if
a row other than the last row is being lengthened.

Power

---GursorAdvance
Carriage Return
Line Feed
Home
Clear
a
a

Ffg. 1. Ihe microprocessor normally executes a section of
firmware called the systemmonitor, a basic loop in which the
processor scans the keyboard and data communications
interface and waits for something to happen. When a key is
pressed or a character received, the appropriate subroutine
is executed.

tion becausea cursor advance subroutine has been
executedand has calculatedthe new cursor position.
Similar subroutines exist for moving the cursor up,
down, right, Ieft, and home. The tab function is also a
firmware routine; it uses a one-bit-per-column table
to determine the next tab stop.
DisplayMemoryManagement
The largest part of the 26404 firmware is devoted
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Highest
RAM
Location

operator can then fill in the blanks in the form without danger of destroying the form itself. The firmware implications of format mode are extensive,because many of the basic terminal functions operate
differently in format mode and non-format mode.
Some examples of the changes in functions are:
r The home function moves the cursor to the first
unprotected field on the CRT.
r The tab function positions the cursor to the first
column of the next unprotected field rather than to
the next horizontal tab setting,
r The erase functions erase only the unprotected
fields.
r Characterinsert and delete operate within the
current unprotected field rather than the current
row.
r In block mode, only data from unprotected
fields is transmitted to the computer.

Line
0

Z Link to Neu,
U4 RAM Address
Display Data and
Control Codes

fl enaotr"e"
Last Line
in Memory

Fig.2. Displaymemoryconsistsof a linkedlistof fixed-size
blocksof RAM. The display syslernstartsat the firct address
on thescreenand followsthe listto oroducean entirescreen
of information.
Editing Features
The editing controls are implemented by firmware
within the link shucture. Four editing controls are
provided: character insert and delete, and line insert
and delete. The latter are performed quite easily, as
they simply involve adding or deleting an entry in
the link structure. Character insert rind delete involve moving information one way or the other
through the structure, and hence involve a large
number of boundary conditions. Although character
insert and delete are time-consuming functions as
measured by electronic speeds, they seem to happen
more or less instantly to the human sitting at the display. These functions are extremely useful in block
mode, and when combined with the enter function.
can be used to considerable advantage in character
mode.

Block Mode
Block mode is the mode of operation that makes
bestuse of many of the terminal's functions. With the
block mode key released, the terminal operates in
charactermode, in which charactersare transmitted
to the computer as they are typed. In block mode,
nothing is transmitted from the terminal to the computer unless explicitly requestedby either the computer or the operator.This allows the operatorto compose text on the display, edit it until he is satisfied,
and then send it to the computer asa block of information. It also allows the computer to ignore the terminal while the operatoris creatingthe information, and
allocate input buffer spaceonly after the terminal has
requested it. Information may be transferred to the
computer in blocks consisting of a single unprotected field, a single line, all unprotected fields with
a separatorbetween fields, or an entire display memory. Which of these four options is in use is determined by the operating mode of the terminal and an
internal jumper.
This protocol makesblock mode capability usable
not only on systemsthat are specifically designedto
accept large blocks of data at a time, but also on systems that expect no more than one line at a time.
NovelTerminalFunctions
The 26404 has several functions not generally
found in CRTterminals. For example,the statusof the
terminal can be read by the computer by means of an
escape sequence.The terminal returns an ASCII
string that gives information about memory size, the
stateof the jumpers, the current statusof the latching
keys, and the statesof severaltransfer and error condition flags. This information is useful for determining whether a terminal is configured properly for
a given application.

Format Mode
Format mode allows the user to define certain
areas of the display as protected, and others as unprotected. When the terminal is placed in format mode,
only the unprotected areas may be modified. This allows a user to create a form in which only those areas
to be filled in by the operator are unprotected. The
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Display functions is a mode of the terminal that
causesall charactersreceived by the terminal to be
displayed on the screen and not interpreted. This is
an extremely useful debuggingtool that makesit possible to seethe exact code sequencesbeing sent to the
terminal, and hence to determine whether a program
is performing as it should,
Memory lock is a feature that operatesin one of
two modes. If the function is enabled when the cursor is in the top row of the display, then total memory
Iock is in effect. In this mode, when all of the available terminal memory has been used, the terminal
will no longer acceptinput. This mode is convenient
for filling the memory with a maximum amount of information without the risk of losing data already
entered.If memory lock is enabledwhen the cursor is
in any row other than the top row of the display, all
rows of the display abovethis row arefixed on the display. When a rollup is executed,the rows below this
area are rolled around the area and reinserted into the off-screenstorageimmediately above the display. This mode is useful for placing instructions for
an operator on the display and then using the lower
portion of the display for interactive operation.

Testing the HP 2640A
The HP 26404 containsa built-inselftest feature.Presstng
the IESTkey on the terminal'skeyboardcauses an internal
diagnosticto be executed.The internaldiagnosticchecksboth
memories(BOMand RAM),and exercisesthe displayand keyboard controls.By observingthe actionsof the diagnosticand
the resultantdisplay,the operatorcan determinewhetheror
not the terminalis functioningproperly.
In servicingthe terminal,one may requiremorethoroughand
detailedtesting than provided for by the self{est routines.
Typically,diagnostics
Thisis the roleof the externaldiagnostic.
for a device are very much differentfrom systemto systemand
servicepersonnelhaveto learnall of the differentdiagnostics.
To minimizethis sourceof confusion,a decisionwas made to
perform all testing within the terminal.The externalsystem
would provide for test selection,loading of the diagnostic,
and the controlintermessagereporting,
executionmonitoring,
face betweenthe user and the diagnostic.Microcodedtests
would be down-loadedinto the terminaland executedby the
terminal'smicroorocessor.
of a microcodeloaderin
This requiredthe implementation
theterminal.Becausebinarycodecannotbe handledby allsystems, the code is transmittedas ASCII charactersthat are
translatedby the loaderin the terminalto binarycode. ASCII
code for the terminal.Therefore,
is the normalcommunications
virtuallyany systemoperatingthe terminalcan load and execute the diagnostic.
Besidesthe differentsystemsthe diagnostichad to handle,
there is also great varietyin 2640Aterminals.The diagnostic
and
had to be ableto test the minimumterminalconfiguration,
yet not be restrictedin handlingthe varioustermrnaloptions.
Allowancesalso had to be made for futureexpansionof the
terminal.
Therequiredflexibility
is providedby organizingthe diagnosexceptfor a
tic intosubtestblocks.Eachblockis self-contained
block of data communications
driverscommon to all subtest
blocks.A singletest consistsof one or moresubtestblocks.By
addingor deletinga subtestblock,one can tailorthe diagnostic to the specificterminalbeing tested.
Eachsubtestblockis madeup of a numberof ASCIIrecords
consistingof a headerrecord,the objectmicrocode,and messages.The headerrecordcontainsthe test title,test and subtest sequencenumber,and flags indicatingthe terminalconfigurationfor whichthe subtestis valid.The object microcode
portioncontainsall the necessarycharactersfor loadingthe
subtestobjectcode afterthe terminal'sloaderis initiatedby the
externalsystem.The messageportioncontainsall the messagesused by the subtest.Outputfromthe mjcrocodesubtest
indicateswhichmessageto use and the valuesto be inserted
in the message.
The user providesthe externalmonitorprogramfor the particularsystemfromwhichthediagnosticis to be executed.However,threeversionsof the monitorare supportedby HP:HP 3000,
HP 21MX, and HP 2000F TimesharedBASIC.Initiationand
controlfor each versiondiffer,but the specifictests are identical becausethe same microcodedtestsare used.
As a resultof this effort,the 2640Adiagnosticcan be run on
virtuallyany systemoperatingthe terminal.Havinga common
diagnosticshortensthe trainingperiodfor servicepersonnel
of the device.
and facilitatestroubleshootino
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Keyboard
A Microprocessor-Scanned
by OtakarBlazek

,Tt HE FIRST DECISION made in designing the
I
2640A keyboard was what keyswitch to use. For
high reliability and low cost, the choice was the contactlessferrite core switch. Its advantages are no moving contacts, no bounce, no variations in contact resistance, high reliability, and a long life expectancy of
100 million cycles.
For the system design, two approaches were considered. One was to design hardware that recognizes a
depressed key and interrupts the processor, indicating which key was depressed. The other was to have
the processor scan the keyboard at discrete intervals
and let the software or firmware recognize a depressed key. Considering low cost as an important design
goal, it turned out that the processor-scanned keyboard was superior. This approach also meant fewer
parts and therefore higher reliability.
The keyboard was designed with N-key rollover,
meaning that a depressed key will be recognized regardless ofthe state ofany other key on the keyboard.
To prevent double triggering for extremely slow typists, hysteresis in key trovel was introduced. A key
depressed to the threshold of the on state must be
partly released to reach the off state. Automatic repeot is achieved by holding a key down longer than
0.5 second.

Communications
Group

Hardware Organization
The keyswitch used consists of a ferrite core, a
drive wire, a sense wire, and two magnets. When the
switch is not depressed the two magnets are close to
the core, thus saturating it and inhibiting the coupling of a signal from the drive wire to the sense wire.
When the switch is depressed, the magnets are
moved away, the core unsaturates, and the drive signal is coupled into the sense line.
Each key is assigned a position in a matrix of sixteen columns and eight rows (see Fig. 2). Each column in the matrix is addressable, so the processor
reads eight switches at a time. Only the selected column is allowed to provide the drive current that is
coupled into the sense lines of depressed switches.
Before the present state of the switches in one column
is read, the column's previous state is loaded into an
eight-bit latch. The latch outputs set the reference
voltages of differential comparators to either higher
or lower thresholds. The differential comparators
detect the sense outputs of the keys. Because the
sense output is proportional to the amount of key
depression, hysteresis in key travel is established.
The processor also loads the display latch that
determines the states of the LED indicators.
Firmware Organization
Because each column is scanned at regular time intervals it is necessary to store in memory the
previous state of each key to recognize a change in
the state of a key. There are four possible combinations:

Edit and Control Groups

CharacterSet Group

Previous
State
0
0
1,
1,

Numericaland
DisplayControl
Groups

Present
State
0
1
1
0

Action
None
Key has been depressed
Key is held depressed
Key has been released.

The keyboard scanner (see Fig. 3) is a subroutine
called by the system monitor. Each time this subroutine is called, one column (eight switches) is
scanned. When a depressed key is recognized an
ASCII code from a table in memory is assigned to
the key.

Fig. 1. Keys are partittonedinto groups according to their
function.Data communicationsswitchesare a/so located on
the keyboard.fhe slafus of some keysis indicated by lightemitting diodes. For user convenience the keyboard is
attached to the terminalby a five-footcable.
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Address Bus

Dilterential /
Comparators

Fig,2. Keyboard hardware implementation.Each key is assigned a positionin a matrix of sixteen columns and eight rows. The microprocessorscans this matrix continuously,reading one
column at a time.

Automatic repeat is achieved by setting a repeat
counter to a predetermined value C1 when a key has
been depressed.When aII to columns have been
scannedthe counter is decremented.When the count
is zero the character is displayed and the repeat
counter is reinitialized to another value C2. CI determines the time between the first and second characters on the screen; thereafter, the repetition rate is
determined by C2.
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Fig. 3. Srmpilfled keyboard scanner, a firmware subroutine
called by the system monitor.
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Packagingfor Function,Manufacturability,
and Service
by RobertB. Pierce

tT, FIn PACKAGING OF A CRT terminal presents
I' diverse challenges.A CRT terminal must be exceptionally suited to user requirements,much in the
manner of a typewriter, keypunch, or other device
with which the operator may spend the entire day.
Human factors such as height and viewing angle of
display, height and slope of keyboard,relative location of keyboardand function switches, and accessto
I/O cablescan be sourcesof pleasureor frustration to
the operator.
In addition to the user requirements, there are requirements of manufacturing and service. Fabrication, assembly,testing, and repair times must be minimized. The time to gain accessto and replace modules must be asshort aspossible.Like users,manufacturing and servicepersonnelhave thresholds of pleasure and frustration. The goal was to make the 2640A
a friendly device to all.
ThreeMajorModules
The 26404 is housed in three maior modules (see
Fig. 1). The mainframe contains the logic, memory,
and I/O cardsand the power supply module. The display monitor contains the CRT, the sweep elechonics, and the fan when required. The keyboard houses
the keyswitches and associatedelectronics. Each of
thesemajor modules is quickly and easily removable
and detachable.
The display monitor and mainframe are attached
by two slide-apart hinges and are fastened in the
closed or operating position by two tamper-resistant
spring catches,The display monitor is held in the
open position by a snap-actiontop prop to facilitate
servicing and configuration. Two small cables connectthe two assembliesand are quickly removableby
disconnectingtwo slide-apartconnectors.The safety
shield, attachedby quick-disconnectdart fastenersto
the display monitor, also acts as a logic card retainer when the assembly is in the operating or
closedposition.
The keyboardis a separateentity that can be placed
by the user in a convenient location. It is attachedto
the mainframe by means of a hooded edge connector
and an I/O card.
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All three major modules are housed in structural
foam plastic (seebox, next page).It has outstanding
impact, flexural, compressive, and tensile strength
and is one of the few molded plastic materials that
has a self-extinguishing flammability rating. In addition, all mounting and printed-circuit guide detail
is molded in, minimizing the total number of parts.

DesignFeatures
Significant features of the packaging system are:
Pop-inlpop-outmodulority. All modules are removable without tools. A simple key unlocks the tamper-resistantspring catch,making the logic boards
easily removable. The power supply safety cover
and power supply are removable by means of
quick-disconnect snap fasteners. The monitor
board is removable by means of snap fasteners
identical to those in the power supply. AII cables
are removable by disconnecting slide-apart connectors.AII eighteenmodules can be removed and
replaced in less than ten minutes using no tools
except the key that opens the box.
Single-level modulority. All modules are removable without removing other modules. The three
major modules help ensure that modules are not
buried under other assemblies.
Pop-in expondobiiity. All options or known future
options have a designated location, allocated
space, and planned implementation. Mounting
bossesare molded in and die inserts have been
implemented. The minimum system consists of a
nine-card backplane and no fan. Thus the minimum system user is not burdened by unnecessary
overhead.The backplanemay be expanded with a
five-connectorbackplaneor replaced with a single
fifteen-connector backplane. Vent holes in the
mainframe, monitor housing, monitor housing
side panels, and monitor board allow the minimum systemto operatewithout a fan with lessthan
10oC average air temperature rise. The fan is
added when the tenth logic, memory, or I/O card is
added.The fan cableplugs into a mating connector
on the power supply card.

Designing with Engineering Foam
Plastics

P . C .G u i d e

Housing

Tamper
Resistant
Latch

Withany new product,one of the mostusefultoolsin the early
stagesof design is a mockup or model of some type. In the
case of the 26404, it was decidedto have a precisionwood
modelconstructed.
Thismodelwas accuratewithina few thousandthsof an inch,and servedas the test bed for the power
supply,the printedcircuitboards,and the CRT mountingdetestsusing
sign. lt alsowas usedto run the initialtemperature
dummy-loaded
PC boards.The housingwas then easilymodified to perfectthe final ventingsystem.Laterthe model also
servedas an aid to the mold makersby helpingthemvisualize
how the finalproductshouldlook.
S e v e r a lm e t h o d sf o r p r o d u c i n gt h e h o u s i n gw e r e c o n sidered.Amongthesewere die casting,side{rametype construction,sheet molding,and structuralfoam. Only structural
foam appearedto satisfymost of our designrequirements.
Froma designstandpoint,
this materialis particularly
attractive. Becauseof the internalfoamingaction and consequent
lower materialdensity,maintaininga constantthlckness
wall
sectionthroughoutthe part is not so criticalas it would be with
other moldingtechniques.Transitions
from thin wallsto large
thick bosses and ribs showed no evidenceof sink marks.Althoughthisis a distinctadvantageit shouldbe keptin mindthat
moldingtime is directlyproportional
to wallthicknessin a ratio
1 min/0.5cm. This causedsome concernin
of approximately
the designof the CRTdisplaysection.A heavy3-cm-thickwall
abovethe displayopeningseemedalmosta necessityto maintain the cleanexternalappearanceof the rnstrument.
Because
of the strengthand llexibilityof the material,a severeundercut
thateliminated
the excessmaterialon the insideof the housing
was possible.The undercutarea has a large radiusand the
part is flexedand rolledoff the core of the mold.
The foam materialwas also particularly
adaptableto the PC
boardguide arrangement
in the lowerhalfof the housing.Two
rowsof card guides7.6 cm high x 0.6 cm thick x 23 cm long
are integrallymoldedintothe base. Each row containsfifteen
mountingslotslocatedon 1.6-cmcenters.lt was decidedthat
foamwas the onlypracticalway to obtaina detailsuch as this.
Since the foam is non-conductjve,
insulatingthe PC boards
from the guides and the housingrequiredno consideration.
The molded parts need no secondaryfinishingoperations
otherthan paintand installation
of threadedinserts.
The outstandingstrength(see photo),moldability,
and design freedom offered by structuralfoam makes it the ideai
materialfor applicationssuch as the 26404 terminal.
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Fig. 1. Ihe 2640A Terminalis designed with pop rnlpop-out
modularity. Theonly tool required to replace a module is a key
to get inside. Any module can be replaced in two minutes.
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Serviceability. Our MTTR (mean time to repair)
objective was 15 minutes. It has been met primarily
by way of the pop-in/pop-ouUsingle-level modularity. In addition, all functional modules are selfcontained and separately testable. Access, removal, and replacement time for any single module is less than two minutes.
Monufocturobility.
The modularity and serviceability features also reduce manufacturing costs.
The short time to remove, replace, and test any
item is helpful in manufacturing as well as in service. The use of multifunction parts also reduces
manufacturing costs. Heat sinks on the power supply and monitor are used as board stiffeners and
for fastener mounting. The foam plastic housings
include mounting bosses, printed-circuit guides,
cooling vents, structural members, and latching
detail. Logic cards are automatically held in by a
safety shield. The rear door holds in I/O connectors.
The keyboard housing clamps the keyboard
printed circuit card in place, holds the speaker
and cable clamp, and provides a bezel or shroud for
the keyswitches.
Functionol. Proper viewing angle of display,
proper keyboard height and slope, convenient
position of keyswitches, and easy I/O cable access
are all designed into the 2640A. Durability and
reliability are enhanced by meeting HP class B
environmental specifications.
Sofety. The materials, their application, and the
overall configuration meet UL, CSA, IEC, HP and
common-sense safety standards.
These features add up to cost savings to the user as

a result of lower manufacturing cost and therefore
lower price, lower service costs, and the value of paying for only what is needed. Also, pop-in expandability ensures that future needs can be met at minimum cost with clean and simple modifications.
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