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HP-35.Data entry keys include the digits 0 through g,
the decimal point, the eHrenl key used for entering
values into the four-register operational stack, and
the Eex(enterexponent) and ctx (clear display) keys.
Keys in the top row, labeled l, a, c, o, and E, stand
for user-definable functions or subroutines. In the second row, the GTo (go to), r-Br-(label), RTN(return),
and sst (single step) keys are used for programming.
The osp (display) key is used for formatting the display. Numbers can be displayed either in fixed-point
notation or in scientific notation with a selected
number of digits after the decimal point.
-1,
Keys in the third row, labeled f, f
sro, RcL,and
g, are all prefix keys. They have to be followed by one
or two more keystrokesto complete a command.
At the lower right corner of the HP-65 keyboard is
the R/s (run/stop) key. Pressing it begins program
execution. Execution of a running program halts if
an R/Sstep is encountered in the program.
User-Definable
Keys
When power is first applied to the HP-65 the toprow keys (A,B,C,D,E)
call for the functions 1/x, V{
yx, x-y, and RJ (roll down the operational stack).
However, the functions of thesekeys can be changed,
either by keyboard programming or by inserting a

previously recorded magnetic card into the HP-65's
readerslot. The new functions of the keys can be written on the card and the card inserted into the window
abovethe top row ofkeys to show the new functions.
With the five definable keys, the user can readily
change the HP-65 into a specialized calculator tailored to his needs. For example, Standard Pac program 11A, a compound interest program, changes
these keys to n (number of periods), i (interest rate),
PV (present value), FV (future value), and COMPUTE, similar to keys on the HP-80 financial calculator (seeFig. 2). StandardPac06A, a z-network impedance-matchingprogram, converts the HP-65 into an
electrical engineer'scalculator. Given input and output resistance,frequency, and Q, the program computes the values of the two shunt capacitorsand the
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This program computes the answers to compound interest problems using the basic formula:
FV : PV (1 +i/100)n

Cover: tn the background
is Model 9100A. HP's first
calculator,a huge success
whenit was firstintroduced
in 1968at a price of $4900.
TheHP-65in the foreground
rivalsthe 91004in computing power,but it fits in your
pocketand cosfsonly$795.
Of course,theHP-65doesn'fworkwitha printeror
otherperipheraldevices.Perhapsthat'sthenext
srep.

where:
n : Numberof lime (compounding)periods.
i : Interest rate per time period (in percent).
PV : Presentvalue (valueat the beginningof the first time
period).
FV : Futurevalue (valueat the end oI n time periods).
Any lhree of the variables(n, i, PV, FV) can be inputs. The program computes and stores the lourth variable. Input variables
can be entered in any order and need not all be reenlered to
changeone variable.
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Flg.2, Usersrnaywritetheirownprogramsandstorethemon
blankmagneticcards,or may takeadvantageof manypreprogrammedcards. This compoundinterestprogramconvertsthe calculatotinto a financialcalculator.
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A lossless network is often used to match between two resistive impedances,Rr and Rz, as shown.

Giventhe valuesol Rr and R:, the frequencyf, and the desiredcircuit Q (center frequency/desiredhalf-power bandwidth), the values
of Cr, Cz, and Lr can be found
Noles:
1. Rr must alwaysbe greaterthan R2 and

O > r,/Rr/llr-t .
Circlednumberson the magneticcard designatethe registerin
which a variableis stored.

mize the system'stolerance to head skew and motor
speed variations (seebox below).
When the right-hand switch just below the display
is in the RUNposition, insertion of a card into the
reader slot in the right side of the calculator triggers
the motor and read circuits. All 100 program stepson
the card are read into the calculator's memory.
When the sameswitch is in the wPRGMposition, insertion of a card triggers the motor and writing circuits, and the contents of the calculator'smemory are
written on the card. A card that has the file-protect
tab (upper left corner) clipped off will not trigger the
writing circuits; the program on the card is thereby
protected against accidental erasure.
More information on the design of the tiny card
reader is contained in the article beginning on page
15.
SystemOrganization
Like its ancestor,the HP-35, the HP-65 contains an
arithmetic and register circuit, a control and timing
circuit, and three read-only-memory (ROM) circuits.
In the HP-65, eachROM is actually a quad ROM containing the equivalent of four single ROMs. Like its
more recent predecessor,the HP-45, the HP-65 also
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Fig. 3, Ihls program converts the HP-65 into an electrical
engineer's calculator.

When the HP-65 records a program on one of its small
magnetic cards, it places two side-by-sidetracks of varying
magneticflux on the card. One track representsthe logical 1's
in the binary data stream coming from the program memory,
and the othertrack representsthe logical0's. The 1 track containsa flux reversaltor each 1 in the data sequenceand no flux
changefor each 0. The 0 track containsa flux reversalfor each
0 and no flux change for each 1. The diagram shows an
example.
The techniqueis seltclockingbecausethereis a flux transition for each bit. Thus no separateclock track is needed.
The scheme also maximizesthe system'stoleranceto head
skew and motor speed variations.The data can be recovered
correctly even if a transitionin one track almost overlaps a
transitionin the other. By contrast,other two{rack schemes
usuallyhave one clock track and one data track, and may misof clock and
read data when thereis only minormisalignment
data transitions.

seriesinductor (seeFig. 3).
For more information on HP-65 keys and programming, see the article beginning on page 8.
Magnetic-Card
Reader/Writer
The HP-65's built-in magnetic card reader/recorder uses mylar-based ferrite-oxide-coated cards
0.95 cm wide and 7.1 cm long. Each card can store
100 program steps or 600 bits of information. A twotrack self-clockingrecording schemeis used to maxi-
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Fig.4. Inside the HP-65

has a data-registercircuit. New in the HP-65are a program storage circuit, a card-reader control circuit,
and a card read/write circuit. Fig. is a photo of the
componentsand Fig. 5 is a block diagram.
The doto registercircuit is madeup of ten addressable dataregistersof SObits each,enoughto store 14
digits each. Data register 0 is used to implement a
t-srx (last x) function and always contains the previously displayed number. Registers1 through g are
addressablefrom the keyboard. Addressesand data
are transferred between the data register circuit and
the arithmetic and registercircuit by way of a bidirectional BCD bus.
The progrom storoge circuit stores the user's program. Each program step is stored as a six-bit word.
There are 100 words of storage.
The program memory is designed to act like a carousel. The memory is implemented in a dynamic
shift register.Programwords, a pointer, and a beginning-of-memory marker circulate continuously in
this register, a complete circulation taking approximately 3% milliseconds.The pointer always points
to the next program word and can move freely within
the memory. Thus program stepscan be inserted into
the program or deleted from it at any point, without
re-keying the other steps. Addressing is symbolic
rather than absolute, and label-searchinghardware
is built into the program storagecircuit.
When the calculator is in use, every keystroke
places a corresponding keycode on the Ia (instruc-

tion address)bus. This code is stored in the buffer of
the program storage circuit. If the calculator is in
wPRGMmode, the code is then inserted into the program memory. If the calculator is in RUNmode, the
keystroke is executed.
When a stored program is executed, the pointer
points to the next executablememory word and the
buffer contains a copy of that word. The buffer contents are decoded and placed on the Is bus as a
microinstruction that causesthe calculator to enter
a subroutine in the ROM to service the kev that was
pressed.
Card ReaderCircuits
The cord-reoder control circuit and the program
storagecircuit together form a complete memory circulation path. When the HP-65 is used as an ordinary
calculator the card-reader control circuit merely
short-circuits the data-in and data-out lines of the
program storagecircuit.
When a card is being read, the card-readercontrol
circuit placesthe outputs of the head senseamplifier
onto the data-in line of the program storagecircuit.
When a card is being written the card-readercontrol
circuit takes the memory words in sequence and
transforms them into recording signals for the head
write amplifiers.
When two unsynchronized sequential memories
like the program memory and the magnetic card are
working together, timing and control are critical.
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F19.5. Architecture of the HP-65is stack and bus oriented,like earlier HP pocket calculators.
New circuits are the program storage circuit, the card-readet control circuit, and the card
teadlwite circuit.

Therefore, during rcading or writing the card-reader
control circuit assumescontrol of the program memory and controls the movement of the pointer.
Thus only limited handshaking is needed between
the card-readercontrol circuit and the program storage circuit.
The mognetic-card rcadlwfite circuit is a bipolar
circuit. It servesasthe inLSI (large-scale-integrated)
terface between the magnetic read/write head and
the card-reader control circuit. There are two identical channelson the chip, eachconsisting of a read amplifier, a threshold detector,a latch, and a write amplifier.

The read amplifier takes a one-millivolt signal
from the head, amplifies it approximately 200 times
and feeds it into the threshold detector.The detector
removesnoise and triggers the latch to provide a logic signal to the card reader control circuit. The write
amplifier takes logic information from the cardreader control circuit and transforms it into a recording current that flows through the inductive head
and generatesthe flux that magnetizes the card.
The read/writecircuit also provides a dc motor control circuit that regulates the widely varying battery
voltage so the card-reader motor runs at constant
speed.
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HP-65Programmable
PocketCalculator
PRE-PROGRAMMEDFUNGTIONS:
T R I G O N O M E T R I sCi :n x . a r c s i n x . c o s x . a r c c o s x . l a n x . a r c t m x
LOGARITHMIC:log x o Inx o ex r 10x
OTHER:yx clno1h.
o.x2.
n!. conversionbetweendecimalangle,
degrees/minutes/seconds,radians or grads . rectangular/polar coordinats
conversion . decimauoctal conversion . degrees(hours)/minutes/soconds
arithmetic. integer/fractiontruncation
OTHER FUNGTIONS:
REGISTER ARITHMETIC: Addition, subtraction, multiplicationor division in
serial, mixed ssrial, chain or mixed chain caldlations
FEATURES:
DISPLAY:Up to 10 significantdigits plus 2-digit exponentand appropriatesigns
DYNAMTCp4X6g' 19-99 1s 1999
Primary tunctions activated by single keystroke; altornats lunctions use prafix
ksys
Five user definablekeys
Four-registeroperationalstack
Program memory tor storage ot up to 100 st6ps
Single step running and/or inspectionof a program
Inservdeletsediting teatures
Nine addressablememory.egisl€rs
"Last X" regists tor error correctionand number reuse
Twotlagslorskiporno-skipprogrammingorbranchingtoanotherpartotprogram
x*y,x<y,x=y,x>yrelationaltests
Magnstic card reader/writer
Built-inmunter
Automatic decimal point pcitioning
Selfftive round-ott;range: 0-9 decimal places
Two display mod6s: fixod point and scientitic
lndicalorslor improper operations and low battery condilion

Oporates on rshargeable baneries or ac
L i g h t - e m i n i n g d i o d e ( L EdDi s)p l a y
APPLICATIOI{ PROGRAM PACS:
headcloaningcard,
StandardPac(lTmiscellaneousprogram,2diagnostics,l
20 blank cards)
Math Pac | (40 mathematicalprograms)
Math Pac ll (33 mathematicalprograms)
Stat Pac | (37 statsrical programs)
Suwey Pac | (34 suryeying programs)
Medi€l Pac | (33 med€l pr€rams)
EE Pac | (35 eleclrical snginesring programs)
POWER:
AC: 1 15 0r 230 V, rloo/o, 50 to 60 Hz, 5 watts.
BATTERY: 500 mW dorived from nicksl-cadmiumrschargoable batlsry pack.
WEIGHT: 11 ouncos (312 g) with battary pack. Recharge: 5 ounces (155 g).
SHIPPINGWEIGHT:approx.3 lbs (1.4 kg).
DIilIENSIONS:
LENGTH: 5.8 in (14.7 cm).
WIDTH: 3.2 in (8.1 cm).
HEIGHT: 0.7 to 1.4 in (1.8 to 3.4 cm).
TEIIPERATURE RANGES:
OPEMTING: 3?F to 104'F (C}"Cto 4fC).
CARD READER:50PF
lo 1O4'F(1eC to 4eC).
PRICE lN U,S,A.: S795. Includes rechargeablebatt€ry pack, 115/230V ac
adaptgr/rocharger, sott carrying €se, salety travel case, owners handbook and
quick rstersnceguide,programtorms,staMard pac ot prerecordedcards, HP-65
Newslsner,and 1-y9ar subscriptionto Catalog of ContdbutedPrograrns.
19310 PruneridgeAvenue
Cupertino,Calitornia95014 U.S.A.

the PersonalComputer
Programming
Whereinare revealedthe functionsof the keys,how
problemsare solved,and a bit of whatgoeson inside.
by R. Kent Stockwell

tT'HE HP-65 CALCULATOR uses the samereverse
I
Polish keyboard language, the same fourregister operational stack, and the same architecture
as its predecessors,
the HP-35,1the HP-45, and the
HP-80.2It also has two important features that are
new to hand-held calculators. One is its greatly expanded function set, and the other is programmability, complete with conditional and unconditional branching, user-definable functions, and
magnetic-cardprogram storage.
FunctionSet
Thirteen HP-65 keys are for data entry. These are
the digits 0 to 9, the decimalpoint, CHS(changesign),
and eex (enter exponent). Numbers may be entered
with or without a power-of-ten exponent.
Keyed-in digits setthe value of the X register,which
is also the display, in the four-register operational
stack.* The cLx (clear x) key allows corrections.Any
other key except SSTand R/Sterminates entry of a
number.
The four arithmeticfunctions (+, -, x, +) operate
on x and y, the contentsof the X and Y registers.Operands are loaded into the stack with the ENTER|key;
they may then be operatedupon by the function keys.
Operations execute immediately and results appear
in X.
Thirty-three other functions derive from using
three prefix keys (t, f 1,g) to condition eleven suffix
keys fdigits 0-9 and decimal point). The two goldcolored prefix keys, labeled t and f t, accessthe functions printed in gold abovethe suffix keys and the inverses or complements of these functions. The blue
prefix k"y, g, accessesthe functions printed in blue
on the angled lower side of the suffix keys. (The noprefix meanings of the suffix keys appear on their
top faces.)All of thesefunctions executeimmediate-

Iy, operating on x, or x and y, or the entire operational
stack.Thus, for example,the key sequencef 4 obtains
sin x in the display, f 1 I obtains sin-1 x, and g 4 obtains 1/x.
Computations requiring more data storagethan is
provided by the operational stack may use any of
nine data storage registers. For example, pressing
sTo 4 stores x into register four, leaving x unchanged. Pressing RCL4 recalls rn to X, leaving rn
unchanged. Arithmetic accumulation to any storage
register is accomplished by inserting the desired operation key between sTo and the digit key that addressesthe register. Thus the key sequence sTo
< arithmetic operator) ( digit n > gives rr,<arithmetic operator)x in register Rn and leaves x in the display.
The user can changethe display format as required
by the particular problem. The key sequence DSP
<digit n> rounds the display value to n digits after
the decimal point in scientific notation,* while DSP.
<digit n> results in an absolutedisplay rounded to n
digits following the decimal point. For example,
72.366gives 1.24 01 in DSPz mode and LZ.ZZin
DsP . 2 mode. Display rounding doesnot affect internal values.
All functions involving angles,that is, sin, cos,tan,
R+P (rectangular to polar conversion),-+D.MS
(conversionto degrees,minutes,seconds),and the inverses of these functions accept arguments or produce results in degrees,radians, or grads, set by the
or g cHs or g EEx,respectivekey sequenceg ENTERI
ly. These settings remain in effect until changed.
On the theory that users should be able to correct
key-sequenceerrors with minimal effort, any prefix
key overrides any previous prefix key, and the sequence f ENTER]
clears any prefix keys. Thus, for example, the key sequenceSTo + f g g c gives 1/x,

.Capitallettersare namesof registersand lower-case
lettersare registercontents.

.one digitto the lettof the decimal
pointwithpowetrof-ten
exponent,
e.9,,2.54 x 1012.

t

while s r ENTER1
4 gives the value 4 in the display.
By now it must be clear how key conditioning with
color-coded keys and legends has been used to provide accessto many functions with a limited number
of keys on a small keyboard.Although another level
of conditioning would further expand the function
set (e.g.,f g 4 or f t g 4 or g f 4 could possessfunctional meanings), this would greatly increase keyboard complexity, keyboard busyness, and internal
control programming. For these reasons,most of the
key conditioning remains at the one-prefix level.
HP-65functions are listed on page 1a. Fig. 1 shows
an example of a problem solution.
Programming
All operations described so far apply when the
switch in the upper right-hand corner of the HP-6b
keyboard is in the nuN position. When this switch is
in the wpRGMposition, the keystrokesare stored in
the 100-stepprogram memory instead of being executed. Twenty-five frequently used two-keystroke
sequencesmerge into a single memory step; thus
the program memory may actually contain more than
100 keystrokes.

Problsm:

Evaluale

v,-f;r"f+r)-Rro

lor Vr : 8 volts, kT/q = 0.026 volts, lo : 6 x 1O-3amperes,
ls : 19-to amperes,R : 1200 ohms

STO1
STO2
STO3
STO4
STO5
5T06
STOT
STOS

RCL1
RCL2
RCL3
RCL4
RCLs
RCL6
RCLT
RCLS

sRJ
SRl
gx=y
gLSTx
gNOp
gx+y
gx<y
gx:y
g x>y

Flg.2. Userprograms
mayhaveas manyas 700sfeps.
Thesetvventy-five
keystroke
sequences
mergeintoa single
step.Ihusprograms
maycontain
morethan100keystrokes.
The memory itself contains no absoluteaddresses.
Instead, it is a circulating shift register organized into six-bit words. One word is a marker that denotes
the boundary between the beginning and the end of
the memory. Another word is a pointer which
denotesthe last step executed in run mode, and the
last step filled in program mode. As a program runs,
this pointer is moved down through memory.
Branching is accomplished by moving the pointer to
the location of the destination label. User-defined
function calls are implemented by leaving the main
pointer at the call and activating a second pointer at
the function location (seeFig. 3). When the return to
the calling location occurs, the second pointer is
deactivatedand the first pointer reactivated.Neither
the marker nor the pointers subtract from the 100
user steps.
Programsmay contain three types of teststo allow
conditional execution of all operations.Theseare x-y
comparisons(x*y, X(y, x:y, x)y), four flag tests

Solution:
Stack Registers

Display

Keystrokes
xYz
I
8.
ENTERI 8.00 x 100
.026
.026
ENTERl 2.60 x 10 2
.006
.006
ENTERT 6.00 x 10-3
EEX10 CHS 10 t0

8
I
.026
I
.026
I
.006
.026
.006
.026
6.00 x 107
.026
I
1
1
6x107
.026
+
6.00 x 107
.026
I
']"
1 . 7 9x 1 0 1
.026
8
4.66x10-r
I
8
7.53x10-l
8
8
1200
1200
7.53 x 10-1
8
ENTERT 1.20 x 109
1200
7.53 x 10-r
.006
.006
1200
7,53 x l0-r
7.2O x 1Oo 7.53 x 10-r
I
3.34x10-t
I
I

ilaln Program
taln Pdnter Dsactlvetod
at Functlon Call
I
8
I
8
I
8
8
8
I
I
I
I

FuncNlonA
Lt5t 8tf Er*msd
Socond Polnldr
Actlve Fart Way
Through'Functlon'

t{sn Stento b
Epsulad

q

Calculator in DSP 2 Mode

Ffg. 1. An example of HP-65 use as a scientific calculator.

Flg. 3. Ihe program memory circulates continuously, its
beginning and end denoted by a marker. The main pointer
moves as programs are entered or executed. A second
pointer is activated when a user-defined function is called.

Problem:
Find the diode current lD in the circuil shown. Also find its sensitivity
with respectto Ve and R, i.e., dlo/dVeand alo/aR.

Equatlons:
v -"q=' Il Js t n ( - l s + 1 ) + R r e
dlp_lkrf 1 )*n]
dVe t-q \16+ ls/

'

t-r
alo=_r^fIJ( 1 '
-Lq.ro*G,|*Rl
dR
ls :
R =
Ve =
kT/q =

diodesaturationcurrentin amperes
resistorvaluein ohms
batteryvoltagein volts
thermalvoltagein volts

Algorlthm:
iteration,
For Newton-Raphson

- i,ii:fili
+1)=ro(n)
rD(n
where lp(n) = nth guess
flo (n)] = function evaluated for nth guess
f'Io(n)] = first derivative of function, evaluated for nth guess
lo(n + 1) = (n + l)st guess

Let

f(lD):vB-

f "e

+ t) - nto

- tf;(i;io) .
rhen f'(ro)=

"l

Specifyconvergencecrilerion:if llp(n + 1) - lD(n)l < C
the algorithmhalts.
Program halts aft€r ten iterations.The user may then
start ten more iterations.

Example:
ls =
R:
Va =
kT/q :
C =

1 0 - 1 0A
1.2kO
8V
0.026 V
10 eA

Loadcardandlollowuserinstructions.

Results:
lo : 6'278A
alJaVB = 0.8305mA,/V
dUdR = -5.213 pNa

Time required to compute lp (step 3): 11 seconds.

ls theso/uA commonproblemin manydiscip/lnes
Flg.4. An exampleof HP-65programming.
suchas x :5 ln x. Findingthe answerrequiresa cleverfirstguess
tionof irreducibleequations,
at the solutionand, basedon theresu/tsof thefirstguess,an evenmorcc/eversecondguess,
and so on. Theiterativeprccedure,tediousif donemanually,can oftenbe automated.ln this
methodis used to so/vean electricalengineeringproblem.
examplethe Newton-Raphson
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(there are two flags, each of which may be set or
cleared and then tested for set or clear), and decrement and skip if zero (Dsz).Except for Dsz,eachtest,
if false, causesprogram control to skip the next two
memory steps; otherwise, execution continues normally. The osz operation decrements data-storage
register R, by one, using integer arithmetic, and if
the result is zero, program control skips the succeeding two steps.
Literal labels with the co To function implement
branching. Thus lgl<n> is the destination for cro
(n), where n is a digit or a key A-Ein the top row.
The HP-65 user may store two types of programsin
the program memory. First, he may precedea section
of memory containing various functions with LBL
<m>, where m is A, B, C,D,or E,and terminatethe section with nrru(return).Thereafter,pressingkey a, e, c,
D, or E in the RUNmode causesthat memory section
to execute immediately. Any or all of keys n to e may
be defined but the sum of memory steps for all functions cannot exceed 100. These user-defined functions behave exactly like the preprogrammed functions described earlier, yet the user may create the
functions to fit his special needs.
The user's second option is to precede a block of
code with a label definition and terminate it with the
R/s(Run/Stop)key. In RUNmode this key stopsan executing program; if no program is running, pressing
the nls key starts execution. Pressing cro<label
name>H/S then starts program execution, and the
program halts at the nls in memory. If the program
startsat the beginning of memory no label is needed;
in RUNmode control can be transferred to the beginning of memory by pressing RTN.Programs defined
in this way may call any of the functions a through
E;the desired key is simply enteredinto the program
definition.
The ssr (single step) and oel (delete) functions
implement debugging and editing. In wpncrr,rmode,
each depressionof ssr advancesthe memory pointer
one step and displays each memory step as a twodigit key code. These codes represent digit keys by
their values and all other keys by a row-column index
of the key position referenced to the upper left-hand
corner of the keyboard. For example, the decimalpoint key is in the eighth row, third column, so its
code is 83. In the nuN mode, each depressionof ssr
advancesthe memory pointer one step and executes
the adjacent memory step.
The key sequenceg clx in wpRGMmode deletes
the displayed memory step and moves up the next
step to fill the gap. Any keys entered in wlpncu mode
are automatically inserted following the displayed
memory step. Thus the replacement operation consistsof a deleteoperationfollowed by the desiredkey.
The sequence f CLx clears the entire memory.

Program:
HP-65 Program Form
,nn DiAe
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HP-65 User Instructions
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functions of the HP-65,3072words of read-only memory (ROM) are used. Each ROM word contains ten
bits and constitutes a calculator microinstruction.
Microinstructions grouped together in blocks perform the various external functional tasks of the calculator. A task may require one block of words or
severalblocks woven together. For example, the cLx
function requires only a few words, while the sin
function uses the tan function, which uses the add
function, and so on.
Although production of efficient microcode is an
iterative process,the first step is the choice or design

Programscan be stored on magnetic cards for later
use. Cards can be recorded and rerecorded as many
times as desired.To protect a recorded program on a
card, further recording can be prevented by clipping
the notched tab on the upper left corner of the card.
Users may write on the card and place it in a slot
above the keys I through E, thereby labeling any
specially defined keys.
Fig. a shows an example of HP-65 programming.
Firmware
To direct the various computational and control

Routlne
HP-65Normallzatlon
Userinputformis storedin two processorregisters,A and B.
Exampfo: - 23.624x1O-2
A
92362400000002

[o*orspray
2 * DlsPlav'DoclmalPolnt
g
_olo2 o o o 9 o 9 9]oo,o |

B

|
|
/
ttl

|
|

/

ll
tt

l\ e * e r a n r

Lr*o

Dlslt Exponent
/
L ExponentSlgn (0 or 9)

|
|
L'rrr olglt Mantlssa
/
I
L MantlssaSlgn (0 or 9)

This is convertedto internalnormalform in a third register,C. For
form
computational
efficioncythis is mantissain sign-magnitude
withonedigitto the leftof an implieddecimalpointandexponentin
ten's complement
form (see ref. 4). In the mantissasign position,
plus.Thus,-23.624x 10-' would
9 represents
minus,0 represents
storeinternallyas
012s6240OooO-999
ProgramLlstlng:
RO|{
SLp
Number Addma

ROM
Codo

5l
5e
53

.111..
L0lo63,
Lgr06a, .1111 r. r.
L01063, ., ltr.11. I

56
57
58
59
6g
51
62
63
54
65
66

Le1A79, ..1 I 1 1 I
Lal0?1,
lt. l . . l l
LA1A72,
I 1 1 .1 . I
L01073,
LSt674. . .11 . . l t l l
L61075, ll.
L41075, 1.. 1 l . . I
II1tl..1l
L@lq??
. L .. .11
Lg1r00,
. r . 1 1 .L l
Lgl1S1,
L A t 1 0 2 , . . 1 1 1 1 1 .. :

lo2
103
194
105

L91146,
L01147,
L91!50,
L01151.

. r1
. 1
I
r

119
120
t2l
122
123
r24

L0r167,
L01170,
L01171,
L01r72,
L 9 11 7 3 ,
L91174.

111 1 l1r.
.11,.. r1r.
1..11. r1.
11.. l1 1r
t. l l t. . t 1.
ltl
L
lt.

ROt
Subrcutln
Addra'3a

Prognm
StrLmmtg

Lrbclt
Ft*s

-> L1473

F!X3
FIX4

,
.

FIXT

,

Flx6

,

-> L1963

-> L1076

->

S->CtXSl
13 -> P
c-l-)ctxl
IF BtPl = I
TB€N GO TO FIXS
12 -) P
IF AlPl >= 1
THEh CO TO FIX2
SNTFT LEFT AIN]
c - I -> ctxl
JSA FtX6

FIXI

,

C+t-')C[XS]
I F N O C A R R YC O T O F I X 3
9-C-rCtXl
JSB FIX4

FIXO

.

Frx2

,

A EXCHANCE
'TU]
c -> atul
IF Atffl >= I
THEfl GO TO FIX1
0 -> AtMl
AEXCHANCECTXI

Lta70

-> Ll€71

-> L1146

ProgramLlstlng Notes:
Subscripts,
e.9.,C + 1---+ C[X],r€terto variousr€gisterfields
for arithm€ticoperation(seoref. l).
S : MantissaSign
MS : Mantissaand Sign
M = Mantissa
XS = ExponentSign
X = Exponentand Sign
P = Pointer
WP = Wordup to and IncludingPoint€r,Rightto Left

Evensucha seeminglytrivial
FIg. 5. An exampleof the HP-65'sinternalmicroprogramming.
operationas digit entryrequirescarefuldesignso r?seemstrivialto the user.Valuesmustbe
displayedas keyedin, yet be normalizedto a standardinternalfom. Ihis ls fhe normalization
routineand the flow chartand BOM listingfor it.
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of an algorithm. This may involve such constraints
as accuracy, execution speed, microinstructions required, or even available design time. Next, a functional flow chart is drawn to outline the sequenceof
various operations and any conditional operations.
This flow chart is then expanded to sufficient detail
that it can be translatedto microinstructions and implemented on a calculator simulator. More often than
not there are implementation errors to correct; sometimes the entire algorithm is faulty, requiring a new
design. When the design is complete, integrated-circuit read-only memories are produced.
Where possible, the HP-65 uses the proven algorithm implementations from the $P-35 and HP-45
(trigonometric, logarithmic, and exponential routines). This saved development time and reduced
implementation error probabilities.
Many HP-65 algorithms would provide interesting
descriptions here, but one that demonstratesappreciable complexity is the digit-entry routine. Designing this seemingly trivial function so as to seemtrivial to the user required considerable patience and
careful thought. Usually, any entry will produce an
undesirableresult unlessthe designerspecifically accounts for it. Values must be displayed as keyed in,
yet they must be normalized to some internal form.
The table below lists some of the design constraints
on this algorithm.

USERACTION
More than ten mantissa
digits
First key of new entry

DESIREDRESULT
Ignore all digits aftertenth
Overwrite existing xif key
follows ENTERl
or cLx;
otherwise do automatic
ENTERi

Extra digits after eex

Shift exponentleft;new
digit becomesleastsignificant digit of
exponent.
Multiple decimalpoint Ignore all decimal points
after first
Decimal point after eex Ignore
Leading zeroskeyed in
Accept and displayleading zeros,zero normal
form.
eexfirst key of new entry Enter one in mantissa;
following digits enter
exponent.
Decimal point first key
Displayonly decimal
pti.ri;
rror-"1 form.
of new entry
Digits after decimal point Continue"".-o
appending digits: no effecton internal
exponent
13

Digits beforedecimal
point
following
Multiple

Continue appending digits. increment internal
exponent.
Complementexponent
sign
Complement mantissa
sign, or exponentsign if
hasbeenpressed.

Such an algorithm was explained in a previous
issue.3Fig. 5 shows the flow chart and ROM listing
for the normalizing routine.
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APPENDD(
HP-65Programmable
PocketCalculator
Functions
and Operations
Arlthm€tlc
add
subtracl
multiply
divide

Othor Prsprogrammed Functlons and Op€raflons
extract integeror decimal portion of a number
factori al
recall value of z to 10 significantdigib
convert decimal-baseintogers to or from oclal-base integers
"roll down" or "roll up" numbers in operationalstack
clsar display
dgar operationalstack
clsar all nine addressablememory registers
rscall last input argument from separats "last-x" storags register
store or recall numbers from any ot the nine addressablememory registgrs
register arithmstic
display formatling

Logarlthmlc
natural logarithm(base e)
natural antilogarithm(base e)
common logarithm(base 10)
common aniilogarilhm(base 10)

TrlgonorEtrlc
set opsrating mode (dsgrees, radians, or grads)
sine
arc gng
cosine
arc @stn6
rangent
arc tangont
add or subtract dsgrses/minutes/se@nds
convert angle from degr€s, radians, or grads to degrees/minutes/semndsand
vice vsrsa
convert polar @ordinatesto rectangular@ordinatesand vice vorsa

Program Structur€ and Edlt Functlons
clear program memory
user-definablekeys (A-E)
label
go-ro
reurn
run/stoo
no-operation
set flag 1
tesl flag 'l
set flag 2
test llag 2

x+y
Erponenilal
squars
square root
raising a numb€r to a powgr (yx)
reciprocal(€n be ussd with yx function to extract nth roots)

x<y
x>y
decremgnt and skip on zero
delsto program step
single-slop
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Designinga Tiny MagneticGardReader
Here'show it was designedand how it works.
by RobertB. Taggart

THING WE HAD WAS an abundanceof ideas
nNE
\-l for tinv card readers. The HP-65 card reader
project began in the electronic researchlaboratory of
HP Laboratories before the introduction of the HPes. The basic design goal for the card reader was to
propel a magnetic card the size of a piece of chewing
gum at a constantspeed of g% to 6% cm/s. Of course,
it also had to fit inside the HP-35 package.
Many schemes were tried, including music box
mechanisms, hand feed, gravity feed, and dashpot
systems.Motor-driven schemesdidn't generatemuch
enthusiasm at first. But one day while digging
through a file on motors that was about to be discarded, I found a brochure describing a Swiss-made
motor less than lyz cm in diameter. Within a day we
obtained two samples. They had ample torque and
their unique construction provided very low brush
noise. The motors had a tested lifetime of over one
thousand hours.
These tiny motors turn at speedsin excessof 10,000 r/min. The problem of reducing this high speed
down to 6 cm/s was solved by using a worm gear,
which provides a large speedreduction in one stage.
Other schemeswere tried but the worm and wheel
combination proved best.
Gripping of the card under all conditions was another problem that had to be solved. The card is very
small and would be handled extensively. Even
greasecould not be allowed to stand between a card
and good gripping. Plastics and rubbers of various
kinds and textures were tried. We tried to put tirelike treads into the rubber and even put ridges in the
card for better grip. But finally we found a polyurethane rubber with the right texture that grips even
when the card is coated with oil.
The majorproblems we facedwere causedbytrying
to squeeze so much information onto such a short
card. If the card could have been longer the design
15

would have been much easier. However, having a
short card offers the user the convenienceof labeling
the top row of keys with the program card. This restricted the length of the card to lessthan the width of
the calculator. All kinds of things become critical in
trying to read and write on short magnetic cards in
such a small machine at 300 or more bits per inch.
Azimuth alignment of the magnetic head at 400 bits
per inch must be accurate within +7n degree. The
best way to align headswith this precision is under a
microscope.But can you align a head to this kind of
accuracy in a molded plastic part? Based on the HP
Manufacturing Division's confidence in the plastic
we decided to try. We succeeded,thereby achieving
a significant cost saving over using a metal frame.Using such a short card required bunching the magnetic head very close to the drive roller and gear train.
This unusual geometrycombined with the tight tolerancesof +0.001 inch on some dimensions made the
reader frame a complex challenge.
The short card and higher bit density created
numerous problems related to keeping the vibration
of the drive train to a minimum. Of all the problems
we faced this proved to be the most difficult. Finding
the right processfor making the worm gearand refining that processto a high degreemade it possible.A
method was developed to couple the worm gear to
the motor and all these ideas combined to provide
the necessaryprecision and smoothness.The bit-tobit speed variation was held to less than 10%.
Another challenging problem involved inventing
the set of switches that turn on the motor when the
card is inserted,then turn on the magnetic head when
the card is over the head, and finally provide file protection when the card corner is cut off. Three switches
are provided. Someof theseservedouble duty in that
they help wrap the card over the magnetic head for
better head contact. The geometry of the switches

creasing the thickness of the polyurethane we reduced the magnitude of the problem. It was at this
point that we appreciatedthe unique gripping properties of this type of polyurethane.

is unusual and many new ideas were required to fit
three switches, a gear train, a drive roller, a backup
roller, and magnetic head pole tips in a volume of
7r/t x U+ X 21/zcm. This very tight spacing was made
necessary by the short card length and high bit
density.
The short card and the fact that the recording rate
is controlled by the clock in the calculator requires
that the speed of the card be kept nearly constant
under conditions of varying temperature and humidity. For instance, with a slow clock and a fast card
reader it is conceivable that the card might go
through the machine before all the program could be
recorded on it. Conversely,if the clock were fast and
the card slow the bit density could exceedthe maximum permitted by the head alignment.
To solve this problem the voltage acrossthe motor
is regulated and each machine's card speed is set
within -r2o/obyan external trimming resistor on the
bipolar circuit that setsthe voltage acrossthe motor.
We had decided at the outset to use as large a motor
as would possibly fit to maximize the amount of
available torque. The greater the available stall
torque the less sensitive the card reader will be to
changesin load. This eliminates the need for feedback speed control.
Speed control turned out to be a very nasty problem particularly at low temperature. It was discovered that at freezing temperatures the polyurethane
rubberbecomeshard asa rock. This increasesthe current drain on the motor enormously and reduces the
card speed to almost zero. Numerous other types of
rubber were tried, many of which remained softer at
low temperature,but none of which gripped as well
as one polyurethane composition. Eventually by in-

Coupler

How the Card ReaderWorks
Fig. 1 is a diagram of the card reader.As the card is
inserted into the right side of the machine, it is forced
against one edge of the card slot by one of two tiny
leaf springs. This helps align the card with the magnetic head. Pushing the card farther into the machine
causes it to activate the motor start switch when the
card approaches the rubber drive roller. This turns
the motor on.
Each of the three switches in the card reader is activated in the same way. The card displacesa nylon
ball resting on the bottom of the card slot. Movement
of the ball forces a tiny finger of copper to move upward. The end point of this copper switch finger
makescontact with a contact pad on the underside of
the keyboard printed-circuit board. The contact
point of the switch moves a distance several times
the thickness of the card to provide a reliable contact.
Each switch is adjusted to the proper contact position during assembly.
When the bipolar motor circuit is turned on a precise voltage is fed to the motor terminals to establish
the motor/cardspeedto within a few percent.The motor turns at a speed near 10,000revolutions per minute. The motor is directly coupled by a tiny polyurethane sleeveto a miniature worm gear.The end of
the worm gear rests against a thrust ball bearing and
drives a helical gear.The helical gear is pressedonto
the hub of the polyurethane rubber drive roller,
which grips the card.

Worm
Gear

n\
*\

\\\
Card Slde'{
Loadlng Spring

\

Boardcontact
""

Card Entry
Slot
Rubber
Drlve
Roller
MotorStart Switchls
Activatedby thls Ball

Head Start Swltch ls
Ac'tivated by thls Ball
Note: calculator is upslde down in thls view.

Ffg.1. Ihe HP-65 card reader.
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Once the motor is turned on by the motor start
switch the user must push the card anothersmall fraction of a centimeter so the rubber roller will grip the
card. The card is then pinched and driven between
the rubber roller and a fixed tiny idler roller made of
nylon. The card proceeds through the machine toward the magnetic read/write head. Little bumps in
the plastic support plate combine with the switch
balls to wrap the card over the gap of the head.
As the card passesthe magnetic gap of the head the
leading edge of the card activatesa secondswitch.
This switch startsthe write or read circuitry, depending on the position of the wlpRcM-RUN
switch. Activation of this second switch lets the circuits know that
the card is over the head and is assumedto be moving
at the proper speed.
At nearly the same time that the second switch is
activated,a third switch may or may not be activated
depending on whether the corner of the card is cut
off. This is the file protect scheme, which prevents
the user from writing over a previous program. When
the second switch is activated the third switch is interrogated. If the third switch is not activated (the
corner being cut offJ the machine will not write over
that card when the calculator is in the WPRGM
mode.
The data is written/read by a two-track recording
scheme which is described elsewhere. As the card
proceedsout the left side of the calculatorit is held
againstthe side of the card guide by a secondsideloading leaf spring. When the trailing edge of the
card passesthe motor start switch the motor and read/
write circuits are shut off. The card may then be removed from the machine.
Fig. 2 shows the card-readerparts disassembled.

7Uu,
{tp' #
$f.#.
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Fig.2. HP-65 card reader parts:
1. Motor 2. ldler roller 3. Switch
activation balls 4. Thrust ball
bearing 5. Card side loading
springs 6. Rubber drive roller
and helical gear 7. Worm gear
B. Drivepin 9. Coupler 10.Coupler sleeve 11. Switch contacts
1 2 . R e a d l w r i t eh e a d 1 3 . S e l f tappingswitchadjustmentscrews
1 4 . M a g n e t i cc a r d , 7 . 1 c m b y
1 cm.
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Testingthe HP-65Logic Board
Theboard and its automatictesf sysfemare designedfor
rapidproductiontestingand troubleshooting.
by Kenneth W. Peterson

Fig. 1. Input and output lines are brought out to two
edgesof the board. Additional test points are routed
to a third edge, giving accessto a total of +s test
points.
Test System
A block diagram of the computerized tester designed for the HP-65 logic board is shown in Fig. 2.
The tester functionally compares the operation of a
known-good unit with that of a test unit. All outputs
from the test logic board areinterfacedto voltage-comparison circuits to check for proper logic-level
thresholds.
As the tester exercises the reference and test units
with identical inputs (either on the key lines or on
the card reader lines), the units' outputs are captured
in two pattern storageregisters on each clock time.

I\ ESIGNINGAN INSTRUMENT for minimum cost
Lf meansnot only that parts and assembly costsare
minimized. The time required for testing, troubleshooting, and repair is also critical and must be held
to an absoluteminimum. Yet too many products are
designed without giving adequate consideration to
the time that can be spent analyzing and locating any
faults that may show up in production testing.
For a high-volume, complex product like the
HP-65, computerized testing is the only feasible
method. To aid the computer in diagnosing failures
and isolating them to the responsible components,
it's essentialthat accessbe provided to all of the product's pertinent nodes. The HP-65 logic board was
designed with this in mind.
The layout of the HP-65 logic board is shown in
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Flg. 1. TheHP-65logic board is
designed for automaticlestlng.
Accessto45festpointsisprovided.

The patterns are continually compared. If they ever
fail to compare,their error condition is frozen in the
pattern storageregistersand a flag is sent to the computer. The computer can then requestall pertinent information from the tester, which keeps a record of
eventsleading up to a failure. For example, microinstructions are saved and decoded to show which
chip was talking on the calculatorbuseswhen the failure occurred. Other information retained by the tester is the present ROM address, the previous ROM
address, the identity of the active ROM (one of
twelve), the bit count at the time of failure, and the
number of word times since the start of the test
sequence.
AII this information and the contents of the two pattern storageregisters are then sent to the computer.
The computer sorts through the data with the aid of a
diagnostic table and prints out the nature of the error
and the component most likely to have caused it.
Tester Architecture
The HP-65 logic board tester has six main parts.
The controller is a 32-stateROM machine with 16
qualifiers and two-way branching on test conditions.
There are eighteen instruction lines. Each state issues instructions that control the condition of other
hardware in the tester. The controller also contains
the master clock, a crystal-controlled oscillator set to
the specified limit of the MOS circuits, 200 kHz.
The interfoce circuits consist of a voltage comparator and buffer amplifier between each calculator's

MOS circuits and the input to the pattern storage
register,which is a TTL circuit. The voltage comparator checks the upper and lower limits of the logic
levels.
The pottern storoge and comporotor circuit consists of two 16-bit registersof D-type flip-flops with a
16-bit parallel comparison circuit between them to
check for parity. If the patterns do not compare after
each clock period (Sps) an error flip-flop is set. The
clock is then inhibited to each of the 16-bit pattern
storageregistersand the error condition is saved.
Input/output information is received by the tester
and transmitted to the computer over 16 parallel
lines. Inputs are stored in a 16-bit buffer register
which receives commands and data from the computer. Three of the input lines from the computer are
assigned as output select control lines to specify
which data to send back to the computer. The other
13 input lines are used to control the logic board: six
lines specify the key code (function), four lines simulate switches to the card reader, one line varies the
power-supply limits, and two lines are used for status information.
A 16-bit, eight-channel multiplexer controlled by
the three output-select lines is used to return data to
the computer. A full handshake between the tester
and the computer is done; this assuresproper datatransmission timing.
Inputs to the logic board are either through the key
Iines or the card reader control lines. The key lines
are made through an 8 x 5 matrix. A six-bit code

Clock

Key GodeTest Lines (6)

Fig.2, Logic board tester compares a reference board with a test board. Failuresare analyzed
by the computer, which prints out diagnostic messages.
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from the computer specifies the key code. There are
four lines to the card reader: learn mode switch,
motor switch, head switch, and file protect switch.
The reod/write test circuit is a 15-statecontroller
with instruction decoding for determining when to
shift the read/write data pattern in and out. To simulate the magnetic card, reference write patterns are
stored in two 600-bit shift registers.A third 600-bit
shift register is used as a counter to keep track of how
many shifts have been done.
Card ReaderTesting
To make the card reader circuit read or r,yrite it is
necessaryto close the motor switch and the head
switch. Then the condition of the learn mode switch
line specifieswhether the unit will read or write. The
file protect line specifies the condition of the write
enable line.
The test sequenceconsistsof writing a test pattern
from each of the two logic boardsand comparing the
pattern of the reference board to that of the board
under test. The referencepatterns are stored in two
600-bit shift registers. The next step is to read the
samepattern back into the calculator and then write
it back out again. The second write sequenceis used
to verify that the read circuit is functioning properly.
The write enableline is testedby making the file protect signal a logical zero on the first write sequence
and a logical one during the second write sequence.
OverallTest Sequence
The steps in the test sequenceare as follows:
r Power off, push start button.
r Turn power on, set time delay (this allows the
power supply to rise to the proper level).
r Test power supply and clock for proper high
and low limits. AIso test if power-on pulse was
given properly. If not go to error routine.
r If everything is correct give a pseudo power-on
(PWO) signal. This setsthe starting addressto zero.
r Test if both systems are in synchronism and if
not, slow the clock to the unit under test until
both systemsare in synchronism.
r Release power-on pulse and start comparison
test. When display has turned on and no error
has occurred, flag computer for first key code
sequence.
r After receiving first key code, enable key code
matrix and continue to enable until display turns
off.
r Wait until calculator display has turned back
on again.
r Test if calculator is ready for its next test sequence,which can be through the key lines again
or through the card reader lines.

r The test sequences are continued until the
computer gives an end code. Then the "good"
light turns on.
r If an error occurs the tester generates an error
code corresponding to that fault. The computer is
then flagged with the error line high.
r The computer then sends back a series of output
select codes to specify which information is to
be sent back to the computer. After the computer
has received all information from the tester. an
end code is sent to the tester. The tester turns on
a "bad" light.
r The computer then prints out diagnostic
messages.
Test Time
The time required for testing a logic board is determined by the number of test sequencesand the
length of time of each function. Typical test time is
about one minute for the completetest sequence,that
is, for a good board.
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EconomicalPrecisionStepAttenuators
for RF and Microwaves
slrucfuresand thinin edgelinetransmission
Refinemenfs
film techniqueslead to widebandstepattenuatorsthatare
smallerand /ess expensivethanpreviousmodels.
by GeorgeR. Kirkpatrickand David R. Veteran

The repeatability problem was alleviated by the
development of the edgeline transmission system.l
In this system,the centerconductor is a flat ribbon suspended between and at right anglesto a pair of parallel conducting planes that comprise the outer conductors.The centerconductor can be flexed from one
contact to another to switch signal paths. There is no
need to switch the outer conductors-only the center
conductor is switched.
This concepthas now been refined, leading to new
attenuators(Fig. 1) that are small enough to place inside compact instruments and inexpensive enough
for generalbench use wherever the level of RF or mi-

A TTENUATORS ARE SIMPLE enough in concept
.(a bnt not so simple to executefor RF and microwave frequencies. This is particularly true when
switchability without loss of accuracy is needed.
The usual way to switch attenuation levels at microwave frequencieshas been to replace a short section of coaxial line containing an attenuatorpad with
another section. The need to make an RF leakproof
contact to the outer conductor while making solid
contact to the coaxial section'scenterconductor complicated the design. Variations in center and outer
conductor contact impedance led to problems in repeatability.

Fig. 1. New wideband step
attenuatorsare much smaller and
a/so /ess expensive than similar
types.The basicattenuatoris sup'
plied with a choice of connectors
and with a basefor bench applications,or withoutthe baseand dial
for built-in applications.
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Polylron and Glassfllled Supporl

Rocker Arm
Return Spring

ilountlng Posts

Bypass Section

Fig.2. lnternal view shows edgeline construction. A pair of centel
conductor leaf springs bend
downwards to contact an aftenuatot pad, or upwards to contact a
section of straight-through line.
The cams are shaped to switch in
the appropriate attenuator sections for each setting of the attenuator dial.

crowave power needs to be controlled accurately.

tenuator section or to the other side to contact a section of transmission line that serves as a bypass.
The attenuator elements are thin-film zr-like pads
using tantalum resistive films on sapphire substrates
(Fig. S).The thin-film technique enablesthe resistive
pads to be constructed as part of a transmission-line
structure with negligible stray reactance and, hence,
with broadband accuracy. Precise control of dimensions assuresa good impedance match to the transmission Iine and good accuracy without hand touchup (seeFig. a). With all attenuatorpads switched in,
accuracy of the 110-dB models is within +4% up to
18 GHz with respect to (and traceable to) NBS standards. SWR of the same model is less than 1.5 at 8
GHz and still below 1.9 at 18 GHz.
The inherent stability of the sapphire-tantalum
combination reduces the power sensitivity of the attenuators to extremely low levels: less than 0.001 dB/
dB/watt. The thin-film process also enablesthe attenuator elements to be dimensioned so that the elecbical length of an attenuator section is very close to that
of the associatedbypass transmission line. Differential phase shift for the 10- and zO-dB sections is thus
less than 2oper GHz and that of the 40-dB section is
less than 1oper GHz.
In working out the design, the dimensions of the
new attenuators were scaled down to the equivalent
of a 3.S-mmcoaxial line, one-half those of the earlier
attenuators. The trade-off was in power handling capability (1 watt average or 100 watts peak for a 10 ps
pulse in the new attenuators versus 2 watts average

SingleConductorSwitching
The basic microwave structure of the new attenuators follows the method used successfully in the HP
33,300 series programmable step attenuators.2The
flat, flexible center conductor is bent in one direction
to make contact to a thin-film attenuator pad and in
the opposite direction to contact a shori length of
hansmission line that establishes a straight-through
path (Fig. 2). Since the internal fields are concentrated along the edges of the center conductor, the
switching points are well isolated from each other.
The mechanics of making contact cause a small
wiping action that makes good electrical contact
without creating the problems of lubrication, wear,
and contact contamination associatedwith other designs. With this switching arrangement, repeatability of attenuation settings is exceptionally consistent over the life of the instrument: within 0.02 dB for
at least 100,000rotational cycles.
MechanlcalDetalls
The basic attenuator structure is shown in Fig. 2.
Attenuator sections are cascadedand switched in or
out in combinations to give the desired attenuation.
There is one 10-dB secdon, one 20-dB section, and
one or two 40-dB sections,depending on the model.
Eachswitch consistsof a pair of gold-plated, beryllium-copper leaf springs that form the center conductor. These are deflected to one side to contact the at22
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Fig.3. Attenuator pads use the edgeline structure with the
outer conductors sandwiched into the walls of the aftenuator
when assembled. Thinlilm tantalum pads behave as true
distributed elements with negligible stray reactance.

or 500 watts peak in the earlier ones).The new attenuators, on the other hand, require only 7lz square
inches of panel area when mounted in an instrument.
EconomicalConstruetion
Considerableeconomies were achieved by molding the centerconductor support structurewith a process that molds two plastics in one operation, using
the second plastic as a hydraulic fluid to control its
own gating. The support baseis a polyiron and glass
filled plastic that anchors the mounting posts for
the leaf springs and bypass sections. The glass fill
matches the plastic's thermal expansion to the aluminum housing and the polyiron suppresseshigher
order waveguide modes within the attenuator. The
mounting posts are made with an unfilled plastic.
The leaf springs are depressed by cams acting
through rocker arms and plastic rods and returned to
the opposite position by springs acting on the rods.
Eight Versions
There are at present two basic attenuators in the
new series, one with a range of 0 to 70 dB (Model
s495AJB)and one with a range of 0 to 110 dB (Model
8496A/8).Both switch in 10-dBstepsand have a characteristic impedance of 50 ohms. Attenuators with
other ranges and step sizes are under development.
Each of the basic attenuators is manufactured in
two verisons, one that has a frequency range of dc to

14

18
GHz

Flg. 4. Graphs show the performance of a typical Model
8495870-dB StepAftenuator.Thefinelinesdelineatethespecified tolerances. Ihe values indicated by the curves for the
10-, 20-, and 40-dB steps are attenuation levels with respect
to the )-dB seftrng. The graph of SWB is for the l-dB setting
and represents the maximum value for a typical attenuator;
the SWF of other attenuationsteps ls lower in value.

78 GHz (B models), and a less expensiveversion that
operatesfrom dc to 4 GHz (A models). Each of these
is supplied either with a dial readout and a stand for
bench applications, or as a component for builtin applications without the dial and stand (Models
The bench versions are available with
33,32712A18).
a choice of connectors:type N, SMA, or APC-7.
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SPECIFICATIONS
HPModels
8495A/B
and8496A'/8
CoaxialStepAttenuators
dOOELNUMBER''
:rsquency RarEe (GHz)
\ttenuation Range
lesidual Attenuation
vlaximumSWR (at
either @nnstor

84954
33321A)

0-4

84958
(333218)

0-18
G70dB in 10{B steps
0.4 + 0.07d8/GHz max
DGSGHZ:1.35
1 . 3 5 8-12.4GH2:1.5
12.4-1aGHz:1.7

84964
33322A)

84968
(333228)

0-18
0-4
0-110d8 in 1(HB st€ps
0.6 + 0.09d8/GHz max
uu-duHz: r.5
t . 5 8-12.4GH2:1.6
12.4-18c1-lz:
1.9

'Numbers
without
knob,dialor stand.
in parentheses
arooEMversions

David R. Veteran (righ!
Dave Veteranstarted out on the productionline at HewlettPackard,assemblingsignal generators.This was in 1952.
In 1960,he movedto the lab as an engineeringaide and with
the help of engineeringcourses at FoothillCollege,he
eventuallybecamea fulljledged engineer.Alongthe way, he
designed numerouscoax and waveguidecomponents
includinghigh-powerloads,attenuators,and coax switches,
earningfour patentsin the process.He was also involvedin
the design of the 85514 Spectrum Analyzerand the 312A
WaveAnalyzer.Davetakes his turn with his flying club's Cessna 172 and he also racesan El Torowith the HP sailingclub.
'13
He and his wife have two daughters, and 15.

ATTENUATIOI{ ACCURACY (tdB, referencedto 0{B setting):
MODEL

;rsquoncy
lange(GHz) 10 20

Attenuator Setting (dB)
30 40
50 60 70
80 90

100 110

84954
(333214)

0-4

0.2 0.4 0.5 0.7 0.8 1.0 1.2

84958
(333218)

o - 12.4
12.4- 18

0.5 0.7 0.9 1.2 1.5 1.4 2.',1
0.6 0.8 1.2 1.6 2.O 2.4 2.8

84964
(333224)

0-4

0.2 0.4 0.5 0.7 0.8 1.0 1.2 1.3 r.5

1.6 1.8

84968
(333228)

0 - 12.4
12.4- 1A

0.5 0.7 0.9 1.2 1.5 1.8 2.1 2.4 2.7
'1.6
0.6 0.8 f .2
2.O 2.4 2.8 3.2 5.6

3.O 3.3
4.O 4.4

George R. Kirkpatrick (left)

CHARACTERISTICIITIPEDANCE:50O
REPEATABIL]TV:typically 10.02 dB
LIFE: 100,000rotationalcyd6s
'100Wp6ak (1or.s pulse)
POWER HANDLII{G CAPABILITY: 1W avg,
POWER SENSITMTYT 0.001 dB/dBAA,
TEMPERATURECOEFFIGIENT:0.0001 dB/dBfC
DIMENSIONS
8496A'/8
849s1'/B
TNCHES:
5-1/8L x 2-1l8W x 1-t1/16H 6-1/4L x 2-1l8W x 1-11l16H
x
x
MILLIMETERS:
130 54 43
159 x 54 x 43
WEIGHT: 1 lb (o.as k9)
PRICES lN U.S.A.: 8495A, $280. 84958, $40O. 8496A, $400. 84968, $540
Pricas aro wilh typs N d SMA jac*s. Wth APC-7 connectoc, add $fO.
MANUFACTURINGDIVISION: STANFORD PARK DIVISION
1501Page Mill Road
Palo Afto. Calilornia 94304

At HP since 1956,Bob Kirkpatrickhas designed a considerable number of coaxial components,includingwork on the
swivel joints,bias networks,transistorfixtures,and other
hardware needed by the HP network analyzet systems. He
was also responsiblefor s-parametertest sets in the 8740
series.Bob earned his BSEEdegree at the CaliforniaState
PolytechnicCollege and his MSEEdegree at Santa Clara
University.Afterhours,he servesas presidentof the HP EasySpeakers,an in-houseequivalentof Toastmasters,and on
week-endshe works at tillingand grading the 1-acreof land
around his home in Los Altos Hills with a 1928 Caterpillar
'll
to 16.
tractor,with advice from his four children,ages
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