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Three New Pocket Calculators:

Smaller, Less Costly,

More Powerful

HP's second-generation pocket calculator family now
includes a basic scientific model, a programmable

scientific model, and a business model.

by Randall B. Neff and Lynn Tillman

N 1972, HEWLETT-PACKARD INTRODUCED the

HP-35 pocket scientific calculator,! the first in a
family of calculators that eventually grew to include
six members, from the original HP-35 to the sophisti-
cated fully programmable HP-65.2

Now there is a second generation of HP pocket cal-
culators. Currently this new calculator family has
three members, designated HP-21, HP-22, and HP-
25. The HP-21 (Fig. 1) is a basic scientific calculator
that replaces the HP-35, the HP-22 (Fig. 2) is a busi-
ness calculator, and the HP-25 (Fig. 3) is a program-
mable scientific calculator. State-of-the-art technology
has been applied in the new family to achieve the ma-
jor design goal of low cost with no sacrifice in reliabil-
ity or quality.

Most parts are common to all three calculators, the
fundamental differences occurring in the read-only
memory (ROM) that contains the preprogrammed
functions. In each calculator is an integrated circuit
that is a small, slow, but powerful microcomputer.
It executes microprograms that are stored in the
ROM. When the user presses a key, a microprogram
is activated to perform the function corresponding to
that key.

The ROM comes in blocks of 1024 ten-bit words.
Each block adds factory cost. But until all of the ROM
has been allocated, features can be added, omitted, or
modified and functions can be made more or less
accurate without increasing factory cost at all. The
firmware designer’s challenge is to make these no-
cost choices in some optimal way for each calculator.

HP-21 Scientific

The HP-21, the first calculator in the new family,
was designed as a direct replacement for the HP-35.
Because the HP-21 was to have 33% more micropro-
gram ROM than the HP-35, everyone involved in the
project wanted additional features and functions.

New features were packed in until all the ROM was
used. The HP-21 has all the functions of the HP-35
plus controlled display formatting, polar to rectangu-
lar conversions, radian mode in trigonometric calcu-
lations, and storage arithmetic.

One major change in these HP-21 family calcula-
tors from the HP-35 family is a shorter twelve-digit
display. The HP-35 display had fifteen digits: two
signs, ten mantissa digits, two exponent digits, and a
decimal point. The new twelve-digit display was re-
quired because of the narrower plastic case of the
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Fig. 1. HP-21 Scientific Calculator

new family.

In spite of the shorter display, there was still a re-
quirement that the calculator have ten-digit preci-
sion. To meet this requirement, the decimal point
was moved so that it appears next to a digit. Also, a
decision was made to show a maximum of eight man-
tissa digits when an exponent is displayed, so two of
the display digits do double duty, sometimes as man-
tissa digits, and other times as exponent sign and
digit.

The HP-21 never gives a misleading zero answer.
When the user has specified fixed notation and the
non-zero answer of a function would be formatted as
a zero, the HP-21 changes to scientific notation for
thatanswer. When the HP-21 shows zero, it means the
answer is zero to ten digits.

HP-22 Business

The HP-22, the business member of the new calcu-
lator family, was intended to be an “HP-70-Plus”.
Again, experience from programming the HP-70 and
many new microinstructions allowed the product to
grow functionally until it provided an array of mathe-
matical, statistical, and storage capabilities in addi-
tion to the financial functions we had originally
hoped to add.

The HP-22 is the first of our financial calculators to
include e* and In functions on the keyboard. It is
algo the first of our financial calculators to provide
linear regression and linear estimate. These func-
tions, as well as arithmetic mean and standard devia-
tion, are executed using data automatically accumu-

lated with the =+ key. In combination, the arithmetic
and statistical functions allow calculation of such
things as exponential and logarithmic regression,
power curve fit, and trend lines with uneven periods,
a powerful set of computational tools for the financial
analyst and forecaster.

Greatly expanded storage is available to the user.
There are ten user-addressable registers with storage
arithmetic similar to that of the HP-25. There are also
five financial storage registers—one associated with
each of the basic financial parameters (n, i, PMT, PV
and Fv).* The basic functions defined by these five
top row financial keys are the same as those in the
HP-70 and HP-80.4

These registers combined with internal status indi-
cators (one for each parameter) and an internal data-
input counter form a flexible system for solving finan-
cial calculations. When the calculator is turned on,
the system might be thought of as looking like this:

Status Indicators (none set)

O [ O ] O
il 7 ) |
0.00 0.00 0.00 | 0.00 | [ 0.00 |
L l o
n Register i Register PMT Register PV Register FV Register

Data Input Counter

0

The financial functions require that the contents of
exactly three of the financial parameter registers be
specified as input data, that is, three status indicators
must be set and the data input count must equal
three.

When data is entered the associated status indica-
tors are set and the data input counter is incre-
mented. For example, if two items of data have been
entered (say n = 360 and PMT = 341.68) the system
might look like this:

& O i O O
! 360.00 0.00 341.68 I 0.00 0.00
n Register i Register PMT Register PV Register FV Register

Data Input Counter

2

If a status indicator is already set, entering data for
that parameter will simply overwrite the previous
register contents. For example, pressing n in the above
situation would cause the 360.00 to be overwritten
with whatever was in the display. The status indica-
tor would remain set and the counter would remain
at 2. Once three status indicators are set, pressing a
financial key for which the status indicator is not
set will trigger an attempt to execute that function.

* n: number of time periods; i: interest rate per period; PMT: payment amount; PV: present value or
principal; FV: future value



Fig. 2. HP-22 Business Calculator

Say the system looks like this:

-] | L O O
| 360.00 75 341.68 | 0.00 I . 0.00 I
.n Register : i Register PMT Register PV Registnr. FV Register
Data Input Counter . 3 .

Pressing pv will cause calculation of PV in terms of
n, i and PMT while pressing Fv will cause calcula-
tion of FV in terms of n, i and PMT.

When a function is executed and an answer is cal-
culated, the answer is stored in its associated register
for possible later calculations. The status indicators
and counter remain unchanged because the input
parameters have not changed.

There is a reset function, which resets all five sta-
tus indicators and resets the counter to zero, allow-
ing a different combination of input parameters to
be specified. However, the data remains in the regis-
ters and can be recalled using the RcL prefix key.

Besides the new flexibility in the basic financial
functions some new functions have been added: %x
(percent of sum), Acc(accumulated interest), BAL
(remaining balance), and the annuity switch
(BEGIN K END).

A running total can be kept using the =+ key. The
%% function can then be used to find what percent of
that total any given number is.

Accumulated interest and remaining balance are
also new. Just enter the loan amount PV, the periodic
interest rate i, and the payment amount PMT. To find

the accumulated interest between two periods, say
from payment 13 through payment 24 enter the pay-
ment period numbers in storage registers 8 and 9 and
press m ACC. If you then press = BAL the HP-22
will calculate the remaining balance on the loan after
the payment indicated in register 9 is made (in this
case after payment 24).

Annuities are often referred to as being “ordinary
annuities” or “annuities due”. These terms distin-
guish situations where periodic payments are made
at the beginning of the period (for example, rents or
leases are annuities due) from payments made at the
end of the month (a mortgage, for example, is an or-
dinary annuity). The HP-22 features the annuity
switch to make this distinction. Place the switch in
the BEGIN position and any annuity calculations will
be made assuming that payments occur at the begin-
ning of the payment period. Place the switch in the
END position and annuity calculations will be made
assuming that payments occur at the end of the pay-
ment periods.

The HP-22 uses the same general solution tech-
niques for the financial functions as the HP-80.* Execu-
tion of the equations involves numerous internal sub-
routine calls to +, —, x, +, y*, and In (this is par-
ticularly true for the iterative solutions for i). This
means that the standard round-off errors in these
routines are compounded by the time the final solu-
tion is reached. To improve the final results given by
the HP-22, improvements were made to the standard
HP-21-family arithmetic subroutines. The y* algo-
rithm was extended to handle negative numbers to
integer powers—for example (—2)* or (—2) *—and
a subroutine was developed to calculate the expres-
sion (1+y)*, which occurs frequently in financial
equations.

HP-25 Programmable Scientific

The HP-25 was originally conceived as an ad-
vanced scientific calculator. It was specified as hav-
ing 2048 microinstructions, twice as many as the
HP-21. Also, it was to contain a new integrated cir-
cuit, a sixteen-register data storage chip. Because
of improved microinstructions and experience
gained by microprogramming the HP-21, the HP-25
finally appeared not only as a scientific calculator
with many more functions than the HP-21, but more
importantly, with 49 steps of user programming.

The real power of the HP-25 is its easy program-
ming. The programming is based on key phrases
rather than keystrokes. A key phrase is simply a se-
quence of keystrokes that together perform one func-
tion or operation. For example, both f sIN and
STO + 5 are key phrases, but they contain two and
three keystrokes, respectively. The program memory
contains numbered locations for 49 key phrases. When
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Fig. 3. HP-25 Programmable Scientific Calculator

the user writes a program, the calculator merges key-
strokes into key phrases and stores the instructions in
program memory.

Editing a program is particularly easy. In program
mode, the display shows the step number and the
key phrase stored there (see page 6). The key phrase is
displayed as the row-column coordinates of the key-
strokes that make it up. The digit keys are represented
by a zero followed by the digit, and the other keys are
described by a row digit followed by a column digit.
For example, the f key is in the first row of keys and
the fourth column, so its coordinate is 14. The key
phrase f SIN appears as 14 04, and STO + 5 appears as
23 5105,

One innovative feature of the HP-25 is the behavior
of the ssT (Single Step) key in run mode. This key
was designed to help the user debug programs. It al-
lows the user to execute his program one key phrase
at a time. When the SST key is held down, the display
shows the line number and the key phrase that is to
be executed next. Releasing the SST key executes just
that key phrase, and the numerical results appear in
the display. This new feature makes debugging pro-
grams quite easy because the user can tiptoe through
his programs, seeing both the key phrases and their
results, one phrase at a time. The display when the
ssT key is held down includes the step number, so
checking program flow and branching is easy.

The HP-25 contains a number of functions that
make programming simpler. In program mode, the
ssT key and the BST (Back Step) key allow the user to
step forward and backward through the program mem-

ory. Eight comparisons allow the program to react
depending on the data in the calculation stack. To-
gether with the GTO (Go To step number) operation,
programs can branch and loop based on numeric
results. A function that is new to pocket calculators is
PAUSE. When encountered in a program, the calcula-
tor stops for a second, displays the most recent result,
and then continues the program. This is useful when
programming iterative functions because one can
watch the function converge or diverge.

The HP-25 has line-number-based static program-
ming. Key phrases go into numbered locations in mem-
ory, overwriting the previous contents. Branching
in the program is to the step number of a phrase. This
is in contrast to the HP-65 type of programming.? In
the HP-65, keycodes shift around in the unnumbered
memory as steps are inserted and deleted, and
branching goes to label keycodes contained in the
memory.

The HP-25 merges keystrokes into key phrases us-
ing a microcoded finite state machine. The machine
carefully checks for undefined key sequences. When
a valid key phrase is completed, an eight-bit code is
fabricated. If the calculator is in run mode, the code
is immediately decoded and executed. In program
mode, the code is copied into the program memory
and then decoded to generate the row-column dis-
play. The data registers used for program storage are
56 bits long. Each register can contain seven key
phrase codes. Seven such registers comprise the pro-
gram memory, so all together there are 49 key phrase
locations.

The HP-25 contains a data storage integrated cir-
cuit with sixteen registers of 56 bits each (14 BCD dig-
its). Seven registers are for user programming, eight
are for user data, and one is used for the LAST x
function.

Another innovative feature of the HP-25 is a new
mode of formatting the displayed result, called engi-
neering notation. This is a selectable format that
makes calculated answers easier to understand. Imag-
ine a problem that deals in physical units of mea-
sure, such as seconds. Say the answer to the problem
in scientific notation is 5.00 —05. Now this is a
valid answer, but not as clear as it could be. Setting
the HP-25 into engineering notation gives the answer
as 50.0 —06 which is easy to read instantly as 50
microseconds. Engineering notation forces the
power-of-ten exponent to be a multiple of three and
adjusts the decimal point to give the correct answer.
If the above answer is multiplied by 10, it gives
500. —06 or 500 microseconds. Multiplying again
by ten gives 5.00 —03 or five milliseconds.

Design Details
Several improvements in the instruction set of the



An Example of HP-25
Programming

A simple ecological model of interacting populations con-
sists of rabbits with an infinite food supply and foxes that prey
on them. The system can be approximated by a pair of nonlin-
ear, first-order differential equations:

% =2 - arf (change in rabbits with time)
df . o
i —f + arf (change in foxes with time)

where r is the number of rabbits, f is the number of foxes, and
« is a positive constant to show how frequently rabbits and
foxes meet. When a = 0 there are no encounters; the rabbits
keep breeding and the foxes starve. For a specific a, the
probability of encounter is proportional to the product of the
numbers of foxes and rabbits. A reasonable choice for a is
0.01.

One way to solve this problem numerically is a simple Euler
method, solving equations of the form: N

Xnp1 = X + 0o fx,)

using a small step size h, where h represents a small increment
of time. The equations become:

Tne1 = n + h - @2r, — arf)
fogr = o + Do (=f + arf)

The features of the HP-25 make it ideally suited for problems
of this type. The results can be plotted by hand on a graph of

700 ]|

Foxes

200

100

100 200 300 400 500
Rabbits

foxes versus rabbits. Note that the calculations give ten-digit
floating-point numbers, but the display is always truncated to

an integer.

Example:
a= 0.01
h= 0.02
rg= 300
fo= 150

A plot of foxes versus rabbits is a circular loop with a period of
about five time units (250 iterations). The rabbit minimum is 14,
the maximum is 342 on the first loop. The fox minimum is 54 and
the maximum is 478 on the first loop.

ro = 100, fy = 200 is a constant solution.

HP-25 Program Form
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HP-21-family microprocessor made life much easier
for the microprogrammer. Three of the most useful
improvements were 12-bit subroutine addresses, the
digits-to-ROM-address instruction, and the data
register instructions.

In the HP-35 microprocessor, the microinstruction
address was only eight bits long. Each 256-word
ROM would turn itself on or off as ROM-select instruc-
tions dictated. There was only one level of subroutine
and the return address had only eight bits. The HP-21
microprocessor uses a twelve-bit address. A given
ROM responds only when it sees an address it con-
tains. Subroutines can be located on different ROMs
and easily return to the correct next instruction. The
new processor can save two twelve-bit subroutine
return addresses. Two levels make it possible for one
subroutine to call another.

A new processor instruction takes two calculated
digits as the next microprogram address. This in-
struction is exactly like a computed GO TO instruc-
tion in some programming languages. This instruc-
tion made the HP-25 possible. It is used for both key
phrase execution and key phrase display. The eight-
bit key phrase code is broken down into groups of
phrases such as GTO codes, STO codes, f, and g
codes. Then the code is either used to generate a dis-
play (for the SST key) or is executed (run mode).

The data storage chip used in the HP-35 family
required that a calculated address be sent from the
processor to activate one register. Then the register
could be written into or read from. When the HP-25
data storage chip was designed, this mode of opera-
tion was retained, because a calculated address is
needed for STO, RCL, and programming. However,
enough microinstructions were available to define
separate instructions to read or wrile in each register.
This simplified the HP-22 microprogramming by al-
lowing any financial register to be accessed internal-
ly with a single microinstruction.

One change in the system design of the HP-21
family was putting the display segment drive in the
ROM integrated circuit. Which segment to power is
determined by an accessory ROM composed of six-
teen words of seven bits each, The words 0 to 9 are
used to generate the digits. One word, 15, is a blank.
Three of the remaining words generate the letters E,
r,and o, which the HP-21 family uses to spell “Error,”
telling the user that an operation is illegal. One re-
maining word generates the letter F. This is used by
the HP-25 to spell “OF” when a storage register over-
flows. Since the display generator is a tiny ROM on
the microcode ROM, it can be changed to create new
characters for new calculators.

Acknowledgments
We would like to express our appreciation to:

Chung Tung as section manager for the products;
Don Mackenroth for the [IP-21 and IIP-25 owner's
handbook; Jan Weldon and Kent Henscheid for the
HP-22 owner’s handbook; Guy Armstrong for the
HP-25 Application Book; Maureen Paris, Ellen May-
hew, and Lyman Alexander for evaluation of pro-
posed financial functions; and Dennis Harms for
development of the improved arithmetic functions
and subroutines used in the HP-22.&

References

1. T.M. Whitney, F. Rodé, and C.C, Tung, “The ‘Powerful
Pocketful’: an Electronic Calculator Challenges the Slide
Rule,”” Hewlett-Packard Journal, June 1972.

2. C.C.Tung, "“The ‘Personal Computer”: A Fully Program-
mable Pocket Calculator,” Hewlett-Packard Journal, May
1474.

3. R.K. Stockwell, “Programming the Personal Computer,”
Hewlett-Packard Journal, May 1974.

4. W.L. Crowley and F. Rodé€, “A Pocket-Sized Answer
Machine for Business and Finance,” Hewlett-Packard
Journal, May 1973.

Randall B. Neff

Randy Neff did the microprogram-
ming for the HP-21 and HP-25.
Born in Houston, Texas, Randy
attended Rice University in
Houston, receiving his BS and MS
degrees in electrical engineering
in 1972 and 1973, He joined HP's
Advanced Products Division in
1973. Amemberof ACM, he's now
a programmer in the integrated
circuit laboratory of Hewlett-
Packard Laboratories. Randy
enjoys reading science fiction
and working with wood, He's mar
ried and lives in Palo Alto, California.

Lynn Tillman

Lynn Tillman did the micro-
programming for the HP-22 and
its predecessor, the HP-70. With HP
since 1973, she's now production
engineer for the HP-22. Lynn re-
ceived a BS degree in secondary
education from the University of
Texas at Austin in 1969. After
teaching ninth-grade science for
a year, she returned to the cam-
pus, this time at the University of
California at Berkeley, and re-
ceived an AB degree in computer
science in 1872. Born in Mattoon,
lllinois, Lynn grew up in Gallup,
New Mexico, working weekends and summers in an Indian
trading post. She's married, lives in Los Altos, California, and
relaxes by producing handmade rugs and collecting glassware
from the 1830's.




Inside the New Pocket Calculators

The HP-21 type of calculator isn’t just a stripped-down
version of older HP pocket calculators, but an entirely

new design.

by Michael J. Cook, George M. Fichter, and Richard E. Whicker

HE HP-21 AROSE FROM THE NEED to follow its

predecessor, the HP-35, with a lower-priced
hand-held scientific calculator. The HP-35 was, in a
way, a tough act to follow. Its low-cost successor
couldn’t be merely a stripped-down factory special,
for it isn’t possible to change part of the HP-35 design
without destroying the integrity of the design.

Instead, the HP-21 required a totally fresh design
with an integrity of its own, taking advantage of late
refinements of technology in the areas of displays,
integrated circuits, batteries, and assembly.

The HP-21, for the most part, uses the architecture
of the HP-35 but requires fewer integrated-circuit
packages to implement all the functions found in the
earlier chip set (see Fig. 1). Two reductions in pack-
age count were obtained by combining the anode
drivers with the ROM into one 18-pin plastic package
and by incorporating all the arithmetic, register, and
control circuits on a second chip in a 22-pin plastic
package. Clock driving circuits are contained on each
chip, thereby saving one more package.

Another improvement, both in cost and in appear-
ance, is the use of a smaller, two-cell battery. The
nominal 2.5-volt supply must be converted to four
volts for operating the displays, resulting in some loss
of efficiency, but since the bipolar display cathode
driver now used does not require a converted voltage,
the loss is nearly made up.

Arithmetic, Control, and Timing Circuit (ACT)

This circuit combines the functions of the first
generation’s arithmetic and register circuit, control
and timing circuit, and clock driver circuit and in-
cludes several new capabilities. All of these circuits
could not simply be put together unchanged because
more pins would have been required than were on
the package. To reduce this number, several pins are
used for multiple functions. The cathode driver

scans the key rows, so the ACT circuit needs only
five lines to scan the key columns and one line to
synchronize the cathode driver, instead of the pre-
vious design’s eight lines for the key rows and five
lines for the key columns. One line is used to send
display data to the ROM and anode driver as well as
to send addresses and receive instructions. The
older design used ten lines for these functions.

The addressing structure has been changed to al-
low direct addressing of 4096 instructions. This
means that at the end of a subroutine, control can
pass back to the calling location from any location,
instead of from only 255 locations. An additional
level of subroutine nesting is included, so one sub-
routine can be called from within another. The num-
ber of status bits is increased to 16, and a four-bit
register has been added to remember the display for-
mat requested by the user.

The original HP-35 stack is retained, but there are
now two storage registers on the ACT circuit instead
of only one. This is not readily apparent to the HP-21
user unless he needs to use the full stack and do tran-
scendental functions at the same time. In the HP-35
the highest entry of the stack was lost, whereas in the
HP-21 it is not lost. The stack registers are labeled
X (display), Y, Z, and T. The storage registers are M
and N. There are three working registers: A (= X),
B, and C.

The ACT circuit also performs hexadecimal (modu-
lus 16) arithmetic in addition to decimal. This func-
tion is used in display formatting in the HP-21 and
HP-25, but may be of more interest to designers if the
ACT circuit is to be used in instruments.

Data Storage Chip

This optional chip is used in the HP-22 and HP-25.
To allow it to store programs, it was arranged that
keycodes could be sent either to the ROM or to the A
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Fig.1. The three members of the HP-21 family differ in the amount of read-only memory and data
storage they contain. Keys activate microprograms stored in the ROM, causing the arithmetic,
control, and timing circuit to perform the indicated function.

register on the ACT chip, and that the A register
could send previously stored keycodes to the ROM.
The C register communicates with the data storage re-
gisters, so by exchanging portions of the contents of
the A and C registers, keycodes could be sent to and
retrieved from the data storage registers. To aid in
editing programs (i.e., sequences of keycodes), a cir-
cular shift function was added to the A register. This
enables the data in the A register to be rotated with-
out losing information.

The data storage chip is more versatile than its pre-
decessor in that direct register addressing is pos-
sible, that is, the instruction itself contains the number
of the register into which data is to be stored, or from
which data will be retrieved. Previously a register
number had to be built up in the C register, and then
two instructions used, “C to data address’ and either
“C to data” or “data to C.” These indirect data regis-
ter addressing instructions are also still available.

ROM

The ROM consists of 10,240 bits of read-only mem-
ory, organized as 1024 words of 10 bits each. Four
pages of microinstructions can be stored on one chip,
and up to four chips can be addressed directly by the
ACT circuit.

12-bit addresses are received on the instruction/ad-
dress (Ig) line, least significant bits first. The two
most significant bits enable one of four chips to out-
put instructions onto the I line. Thus, up to 4096 mi-
croinstructions may be programmed in a maximum
system. Unlike the HP-35 quad ROM, any 12-bit ad-
dress sent to the ROM chip will be recognized, regard-
less of previous addresses.

Display Circuit

During each 56-bit word time, the ACT chip sends
information to the ROM/display chip for displaying
one digit. A character ROM in the display circuit con-



verts the input to seven-segment format and then
multiplexes through the segments sequentially.
With a 12-digit display, the duty cycle for each seg-
ment is 1/96 or about 1%. This requires a peak current
of 30 mA to maintain an average current of 300 upA.
This is a relatively high current for MOS and requires
devices well over 100 mils (0.25 cm) wide.

To allow the use of multiple ROMs without dupli-

cating the display function, a mask option can elimin-
ate all power consumed in this portion of the chip.
Typically, ROM 0 contains the display function and all
other ROMs do not.

Five of the characters in the display ROM may be
reprogrammed to any seven-segment character.
Three of these characters generate E, r, and o to
spell Error.

Objective: design a “"shirt-pocket” calculator package for
minimum factory cost, with reliability equal to or better than that
of the HP-35 family. HP quality standards must be maintained.

Shirt-pocket size was achieved by reducing the number of
keys from 35 to 30 (one less horizontal row) and by spacing the
keys closer together. Spacing is the minimum deemed comfort-
able for the majority of users. Also, the display was reduced
from 15 to 12 digits, and decimal points share positions with
their digits.

The HP-21 uses only two rechargeable size AA NI-Cad bat-
teries instead of the three required in the HP-35 family. This fea-
ture saves almost thirty grams of weight. The total weight of the
HP-21 is 165 grams. Apart from the obvious weight saving ac-
companying its smaller size, the HP-21 package contains
fewer parts: no backbone support, no key-spacing grid and no
display window welding frame. Structural rigidity is designed in-
to the monocoque or box shape of the battery compartment in
the bottom case, and in the heat-staked egg-crate configura-
tion of the top case and keyswitch printed circuit assembly
(plastic posts on the top case fit through holes in the keyswitch
printed circuit assembly; heat is then applied to deform the ends
of the posts and rivet the two parts together).

Lower production costs of this package are mainly due to
minimal assembly time, including testing. Only two screws fas-
ten the HP-21 together—a reduction of ten from the HP-35. The
display is an integral plug-in assembly. Modular construction
eases handling and any necessary touch-up operations; for
instance, there are no electronic components or soldering on
the keyswitch printed circuit assembly.

The battery pack case doubles as part of the calculator's bot-
tom outside surface, eliminating a separate battery-retaining
panel. The battery jumper spring provides the force that holds
the pack in the calculator, so latches are not needed. Battery
terminals are automatically assembled into the logic board dur-
ing fabrication. This feature eliminates the manual wiring and
terminal fastening required in the previous generation's de-
sign. The ac terminal pins are mounted similarly. Electrical
integrity is provided by a flow-soldering operation which
connects all electronic components to the logic board. All keys
except the blue prefix key are molded in two clusters, which are
mechanically separated during loading into the keyboard bez-
el. This reduces the number of parts handled from thirty to
three and minimizes assembly operator errors and fatigue.
That this innovation works is largely because of the creative
efforts of the plastic mold designers and craftsmen of the HP
Manufacturing Division, whose continuing high standards of ex-
cellence contributed much to the success of the HP-21. The

Packaging the New Pocket
Calculators
by Thomas A. Hender

over-center breakaway tactile feel of our former calculator
keys has been retained, and the molded design of the key-strip
actuating surfaces on the undersides of the keys eliminates the
control bumps needed on earlier models.
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Fig. 2. Arithmetic, conirol, and timing chip.

Cathode Driver

In designing the cathode driver circuit for the
HP-21 calculator, the main objective was to have a cir-
cuit with extremely low power consumption, a prime
requirement for the HP-21 since only a two-cell bat-
tery pack is used. Functionally, the custom designed
bipolar driver chip consists of a 12-bit shift register,
twelve cathode drivers each with a current limiting
feature, low-battery detection circuit, input buffer,
and timing control gating. The 12-bit shift register
turns on the twelve cathode drivers one at a time.

The LED digit display drive technique used in the
HP-21 is different from that employed in the HP-35.
In both cases the segment drivers (anode) and the dig-
it drivers (cathode) are scanned one digit at a
time, one segment at a time, but the HP-21 does it by
switching dc voltages while the HP-35 uses an induc-
tive charge-discharge method. When they are on, the
anode drivers of the HP-21 are dc sources for the in-
dividual LED segments, while the anode drivers for
the HP-35 drive each LED segment indirectly by first
charging an inductor which then discharges through
the LED segment. The HP-21 method requires signifi-
cantly fewer components.

Acknowledgments

The authors would like to thank the following peo-
ple for their contributions to this project: Bosco
Wong for the design of the cathode driver chip, Les
Moore for the assembly and debugging of the bread-
board, Mark Linsky for the design of the power sup-
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Richard E. Whicker

Rich Whicker, project leader for
the HP-21 series, graduated from
the University of lllinois in 1966
with a BSEE degree. For the next
six years he did MOS logic design
for a semiconductaor company.
then continued in that specialty
after joining HP in 1972. Born in
San Francisco, Rich now lives in
Santa Clara, California. He's mar-
ried and has three children, a
daughter and two sons. For a
change of pace from the job Rich
plays piano, builds radio con-

. trolled models and, like a bus
driver who goes for a drive on his holiday, works out elec-
tronic ideas of his own.

Michael J. Cook

Mike Cook developed the ACT
chip for the HP-21 series. He
joined HP in 1973 with an exten-
sive background in the design of
MOS LSl circuits. Born in Watford,
Hertfordshire, England, Mike
earned his BSc and MSc degrees
in electrical engineering at the
University of Southhampton in
1963 and 1966, then came to the
United States to work for an air-
craft company as a systems
designer. Later he joined a semi-
conductor company, designing
more than 50 MOS LS| circuits and
serving briefly as MOS applications and marketing manager for
that company in Germany. He speaks German and French as
well as English and is a student of comparative linguistics.
Mike is married, has three daughters, and lives in Cupertino,
California. His interests include classical music, color printing,
and sketching.

Correction

The article entitled “Active Probes Improve Precision of Time Interval Measurements’
(Hewlett-Packard Journal, October 1975) understated the accuracy achieved by the Model 17224
Oscilloscope in time interval measurements. The accuracy of the Model 17224 for main time base
seftings between 100 ns/div and 20 ms/div is specified conservatively as =0.5% of measurement
=0.02% of full scale for measurements less than 1 cm, and =0.5% of measurement =0.05%
of full scale for measurements greater than 1 cm. Typical measurement accuracies are more than
three times better than this. The time base calibration period has not been specified because it
has not been a significant contributor to inaccuracy. Experience shows that yearly calibration may
be sufficient for instruments maintained in a laboratory environment. The time base temperature
coefficient is specified as +0.03%~C and short term stability is better than 0.01%
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line printers, point of sale terminals,
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isms. He joined HP in 1973. Tom
is married, has three daughters, and lives in San Jose, Califor-
nia. He serves his church as choir director and enjoys pho-
tography, chess, and model railroading.

George M. Fichter
" George Fichter designed the
read-only memory for the HP-21
series. A native of New York City
(Brooklyn), he graduated from
Stevens Institute of Technology
with a BS degree in 1965, spent
six years as a U.S. Air Force me-
teorologist, and then returned to
school at the University of Wash-
ington, earning a BSEE degree in
1972 and an MS in computer
science in 1973. He joined HP in
1973. George is married and has
a son and a daughter. An accom-
plished musician, he plays French
horn and experiments with computer music using an HP 2100
Computer. He's also learning to fly and hopes to get his private
pilot's license this year. The Fichters live in Los Altos, California.

HP-21 Scientific Calculator

PREFROGRAMMED FUNCTIONS

ARITHMETIC + =

LOGARITHMIC: 8", In x_ log x, 10"

TRIGONOMETRIC: sin x, arc Sin x, COS ¥, @rC 008 ¥, tan ¥, & tan &

OTHER: y". VT, 1, =, ool degrees-
radans mode selechon

REGISTER ARITHMETIC. addingn, sublvaction, mulliphication, of drision
operalions can be perormed on dala in storage register

NUMERIC NOTATION

FLOATING POINT: 10 digit mandissa and sign

SCIENTIFIC: A mign and sieger inllowed by up 10 Seven possible decemal
places. The sxponent conssts of & sign and iwo dgits.

MIXED FLOATING POINT AND SCIENTIFIC. Mixed rumenc nolstion may be
emered as dala. Afer performance of any operation data revers io floaing
posnt of soentific nolakon as applicable

AOUNDING TO LAST DISPLAYED DIGIT: Infemal opsatons ane calculated to
within 10 digits.

DISPLAY

NUMERIC AND DECIMAL POINT . Eight-segment, ight-emiting dicde (LED)

Drgit and decimal pont are contained within 4 sngle sight-segment LED

gt
SIGN. Eight-segment hghi-emitiing diode
12-0git deaplay ncuding two sign digits
MAXIMUM DISPLAY NUMBER: = 9 9699999 = 10
DESPLAY FORMAT Faed notation and scientitic nolation as specified
SPECIAL NDICATIONS:

Overfiow All s (9 9999908 99)

Underfiow Zoro in scienbic notENon. In lixed notakon aulomatcally
Teverts to scentihc notation for smal numbers hat
would Diherwise sppear 1o be zer

Low Batiery Irvertad decmal points for 30 seconds 1o Y hour be-
fore display Dianks.

bmproper Oparation  “Eror’ witien on dsplay.

DYNAMIC RANGE: 5 996999999 - 10" w01 » ‘U--mﬂ
NUMBER OF KEYS: 30. 1 ocn/off swich, | degrea/radian swich
MEMORY REGISTERS: s 1otal
Four working registers in an operational stack
One storage register
One higden register or igonometne funcion computation
DATA ENTRY
Exponent entry
Negative number eniry (CHS)
PACKAGING
High-smpact, comoured bege plastic {ABS) calculator case
All soid state siectronics
Light-amitting dode (LED) display
SPEED: a one second maximum for all preprogrammed lunctions (200 kHz clock
spoed)
POWER
RECHARGERS: Evropean. 100-127 and 206-254 Vac 50-60 Hz: U K. Deskiop
206-254 Vac, 50-80 Hz, United States, $0-127 and 180-254 Vac. 50-60 He
5 watts, plastc box. Recharger warm 1o ihe ioweh in nonmal cperation
BATTERY: 350 mW denved from 2-cell quick rechasge reckel-cadmium batery
pack. Operating bme 3 1o 5 hows. Approximaiely 8 hours 1o rechange com-
phatety discharged battery pack whon caiculstor is not n operation. Approsi-
mately 17 hours 1o recharge compietely discharged battery pack when calcu-
latoris i Battery pack must be
in piace for calculatar 10 operale

CALCULATOR WITH BATTERY PACK: 6 oz (170 grams)

RECHARGER: 5 oz {142 grams)

SHIPPING WEIGHT 1% Ib {682 grama), approamately
CALCULATOR DIMENSIONS

LENGTH: 5% in (13.02 em)

WIDTH: 2 1116 in (8 B3 cm)

HEIGHT, 1 316 in (3.02 em)
PRICE IN US.A: $100

HP-22 Business Calculator

FINANCIAL FUNCTIONS:
n Number of panods
i Pariodc interest rabe
PMT  Perioc payment amount
PV Presen! valus of money
FV Future value of money

FEATURES AND SPECIFICATIONS

Comverts yearty paiods 1o monihly penods
Converts annual interest 1o irtorest rate per mons
Compules accumulated interest between any two Sme penods of a loan
Caiculates smale inerest

Givees remaining loan balance ar ary point n lima
Parcent one number is of total

Calculate percentage of 8 number

Pearcent of derence between hao numbers.

BEGIN-END SWITCH: This swilch 5 @ specal comverience which works in
due at

TLEZETE

b
'

HP-25 Programmabie Calculator

PROGRAMMING:
Progeam writng capabilty
Single step axecution or inspeciion of & program
Pause (1o display infermediate result)
Program sditing capability
B relational lests: x<y, x=y, 8fy, 1<0, x=0, x=0, x40

umnﬂmmmh:mmnes leases, Inans and ofmar
I‘I'Amc:ll. FUNCTIONS:
Provades ihe number of entries and sums two vasiables
Adpsts dala, comects an incorret X+ entry
Lingar regression; inear tunchoms batwoon two points
Linear estimate
Mean or arithmetc average
Standard deaason
MATHEMATICAL FUNCTIONS:
Compites natural logasiinm [base o) of value in deplay
Matural antilog. raises @ 10 vilus in deplay
Raises number in ¥ register 1 value n dsplay
Square root of number in display
FUNCTIONS:
Subtract
Add
Multply
Divide
CHS Changes & postive number 10 8 negalive number
MEMORY REGISTERS:
10 separate addressable memories s full register anthmeic
B financial egesters.
4 operational stack regesters with stack 1oll-Gown for review
DATA MANIPULATIONS; DISPLAY CONTROL: STORAGE FUNCTIONS:
=y Exchangs contents of the X and ¥ regsters

e e ERe Mo M
o

i

Al Foks down Me S10K 10 fview contents
CLx Clears dsplay
CLEAR . SABRCH, @] SHOF

indication

RESET  Resets Anancial stalus indcators and clears only statistical data
ENTER? Copées numibar displaysd in X regisber indo ¥ regisber: also separates
numerical eniries by moving enires up in operabonal stack
RACL Recalls & number to the X respster from a storge register
sT0 Stores displayed value inio one of the 10 siorage regisiers
Bl Goid sheft key: selocts functions peinted in gold on keyboard
DISPLAY:
10 sigrificant digits (8 + 2 digit exponend displayed in scentific notaton)
Fined decimal notation with sutomalic overfiow and underfiow into scientiic
notation
Scienibc notation with dynamec rangs of 10 72 1g 1079
Automatic decimal pairt pasitioning and selectie round-off
Inchcators for improper oparations (Error in display) and low bafery condmion
(Wghted decimal points|
Light-emitting diode |LED) displey recessed for befier confrast in harsh kghiing
DESIGN SPECIFICATIONS:
Oparates 3 10 5 howrs on rechargeable batieres jundar B hours 1o rechargs)
e
Specialy desgned recessed piug 10 Dreven! BMONeoUs iNsenion of improper
unt
Soid stale slectronics with & critcal connections gold-plated
Tacsie fsedback keyboard. Positive CONact acsion asSures Sccurste entry of
data
Heavy gauge compact case contounsd ba fit e hand
Uitrasonically wakded impact resistant case
Plastic bqud-barmer shesld under keybosrd sealed 1o resist amry of moisture
Keys are double injection molded (o heip prevent the legend from weanng off
PHYSICAL SPECIFICATIONS:
CALCULATOR LENGTH: 5% in (13,02 cm)
CALCULATOR WIDTH: 2 11716 in (6,63 cm)
CALCULATOR HEIGHT 1 3/18 in (302 om)
CALCULATOR WEIGHT: 8 oz {170.1 g)
RECHARGER WEIGHT: 5oz (1418 g)
SHIPPING WEIGHT: apgrox 114 Ib (880 g
OPERATING TEMPERATURE RANGE: 32°F 1o 113°F ((°C to 45°C)
CHARGING TEMPERATURE RANGE. 50°F to 104°F (15°C 1o 40°C)
STORAGE TEMPERATURE RANGE: - 40°F to 131°F (40°C 1o 55°C)
POWER REQUIREMENTS:
AC: 100-127 V or 200-254 V, =10%, 50 10 60 Hz, 5 watts
BATTEAY: 2 75 Vdc mckel-cacmeum rechargeable battery pack
PRICE IN US.A: $185

TRIGONOME TRIC FUNCTIONS

3 angular modes (degrees, mdisns. grads)
SNy

A sin x

Cos x

Arc cos x

Tanx

At tan

= polar

Ducimal anghe (lime) = Angie i degress. (hours)/minutes seconds
LOGARITHMIC FUNCTIONS

Log x

Lnx

e

w*
STATISTICAL FUNCTIONS

Mean and standard deviation

Positive and negalive summation giving n, Lx, X!, Yy, Iey
OTHER FUNCTIONS

Integer (grves only nteger portion of number)

Frachon (gives only fractional portion of number)

Absokite (gives absoite value of x)

FOVE T e s

Raogstor anthmatc in all B aodressabie regaens
Addison, subtrection. multipication of dvison in serial, mixed senial. chan or
Muxsd chin calculahons.
DATA STORAGE AND POSITIONING OPERATIONS
Data entry
Stack rof down
xy interchangs
Dt storage
Data recall
Change sign

Frogram memory ior storage of up 1o 48 steps
LIGHT-EMITTING DHODE DISPLAY-
Desplays up 1o 10 significart digits, & plus two-tigil sxponent in scientic and
engneering nolation. and appropriate signs. Thiee selectabée display modes
fined point (with automatic overfiow mﬁum Nt sciertific). enginesnng,
and soientific, with dynamic range of 10°" ko 10 Autormatic decmal poi
POBBONAG SEBClve FOUHE-ON, fangs 010 dighs in fxed pomt; 0-8 digis in
scentdc; 0-8 in engmesring notation. “Enor” appeanng n display InGicates
imgroper operation; low batiery indicator
GENERAL SPECIFICATIONS: Opevates on fasi-charge baftery pack or ac
[Battary recharges in 817 nows | Tactile fesdback keyboard. Polysthesens
fiqued-barner shisid under keyboard. Compact case of high-impact plaste with
recessed display gerac plug Solid state
lectronics
OPERATING SPECIFICATIONS:
POWER: AC: 11506 230V, = 10%. 50 10 80 Hz, § watts. Batiery: 500 mw derived
from nickel-cadmium rechargeable battery pack
WEIGHT: HP-25: 8 oz {170 g) with baftery pack. Fecharger 5 ox (142 g)
SHIPPING WEIGHT Approx 15 Ibs | 7 kg
DIMENSIONS
LENGTH: 5.1 snches {13.0 om)
WIDTH: 27 inches (8 8 om)
HEIGHT: 1.2 inches (3.0 om)
TEMPERATURE RANGE:
OPERATING: 32°F 1o 113°F (0°C to 45°C)
CHARGING: 58" w0 104°F [15°C 1o 40°C)
PRICE IN US.A. 5195
MANUFACTURING DIVISION: ADVANCED PRODUCTS DIVISION
18310 Pruneridge Averus
Cuperting, Caldornia 95104 U S A
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