An Evolutionary RPN Calculator for
Technical Professionals
Symbolic algebraic entry, an indefinite operation stack size,
and a variety of data types are some of the advancements
in HP's latest scientific calculator.
by William C. Wickes
THE HP-28C (Fig. 1} provides the most extensive
mathematical capabilities ever available in a hand
held calculator. Its built-in feature set exceeds even
the capabilities of the earlier HP-71B Handheld Computer1
with its Math ROM.2 Furthermore, the HP-28C introduces
a new dimension in calculator math operations â€” symbolic
algebra and calculus. A user can perform many real and
complex number calculations with purely symbolic quan
tities, delaying numerical evaluation indefinitely. This al
lows a user to formulate a problem, work through to a
solution, and study the mathematical properties of the so
lution entirely on the calculator.
The HP-28C has the following features:
An RPN calculator interface allowing an indefinite
number of stack levels and a variety of data types
A softkey menu system for key-per-function execution
of all built-in and user-defined procedures and data
â€¢ Extensive real and complex number functions

â€¢ Symbolic algebra and calculus
An automated numerical root-finder (see article on page
30.
â€¢ Vector and matrix math operations
Automatic plotting of functions and statistical data
Unit conversions among arbitrary combinations of 120
built-in units and user-defined units
â€¢ Integer base arithmetic, bit manipulations, and logic op
erations in either binary, octal, decimal, or hexadecimal
notation
A keystroke-capture programming language enhanced
by high-level program control structures
An infrared printer interface for printing and graphics
output on the optional HP 82240A Infrared Printer.
The HP-28C's physical package differs from that of the
HP-18C Business Consultant (see page 4) in only two as
pects. The HP-28C uses different key nomenclature op
timized for its math operations, and it contains an addi-

Fig. 1 . The HP 28C Scientific Pro
fessional Calculator features sym
bolic entry of algebraic expres
sions for an extensive range of
functions capable of handling real
and complex numbers, vectors
and matrices, base 2, 8, 70, and
16 integers, lists, and built-in con
version factors. The display can
display up to four lines of the indef
inite-depth stack or be used to plot
functions with a resolution of
32 x 737 pixels. An integral in
frared transmitter allows output of
data and graphs to an optional
printer.

AUGUST 1987 HEWLETT-PACKARD JOURNAL 1 1

© Copr. 1949-1998 Hewlett-Packard Co.

tional 64K bytes of ROM, for a total of 128K bytes.
The design philosophy for the HP-28C was to generalize
the ease of use, power, and flexibility of HP's RPN cal
culator interface to a wider class of data types and applica
tions while also eliminating some of the shortcomings of
that interface. In the remainder of this article, we describe
some of the features of the HP-28C in the context of the
evolution of the RPN interface.
Enhanced RPN

Reverse Polish notation (RPN), in which mathematical
expressions are written with functions following their argu
ments, is embodied in computers and calculators by means
of a last-in-first-out (LIFO) data stack. Mathematical and
logical functions take their arguments (inputs) from the top
of the stack, and return their results to the stack where
they can be used as the arguments for subsequent opera
tions. An RPN stack is the most efficient medium for chain
ing and nesting calculations, and provides the greatest
keystroke efficiency in a calculator.
The original HP RPN calculator user interface was first
used in the HP-35 Calculator3 in 1972. In that and sub
sequent HP calculators, the stack consisted of four fixedlength registers, each of which could contain one floating
point number (the HP-41C Calculator4 also permits al
phanumeric data in the form of a character string con
strained to fit in a fixed-length number register). This sys
tem was satisfactory for the numeric-only capability of the
early calculators, but with the advent of programmability
and algorithms for more complicated data types, the restric
tions of the fixed stack became more and more of a design
impediment. For example, in the HP-41C and HP-15C5 Cal
culators, complex numbers are represented by two real
floating-point numbers, one for the real part and one for
the imaginary part. Two stack registers are needed for each
complex number, which means that a four-register stack
can hold only two complex numbers, severely restricting
the types of complex-number math operations that can be
performed on the stack. For example, the complex-number
expression (A + B)(C + D) cannot be evaluated without stor
ing an intermediate result away from the stack.
The HP-28C is the first HP calculator to modify the tra
ditional RPN interface. To begin with, the concept of a
stack register is generalized to a stack level that can hold
an object of indeterminate size. An object can be one of
several types of data or procedures, each characterized by
its internal structure and execution logic. Any object can
be manipulated on the stack as a single unit. For example,
a complex number is represented by an ordered pair of
floating-point numbers that is entered and displayed in the
form (number, number). Since a complex-number object
now occupies a single stack level, it can be manipulated
with the same keystrokes used for a real-number object.
For example, complex numbers in the first two stack levels
can be added by pressing the + key, multiplied by pressing
the x key, etc.
Besides real and complex numbers, HP-28C data objects
include real and complex-valued arrays (matrices and vec
tors), alphanumeric strings, binary integers, and lists. Bi
nary integers are binary coded integers of l-to-64-bit words
which can be entered or displayed in binary, octal, decimal,

or hexadecimal bases. Lists are ordered collections of other
objects. Data objects are characterized by the simple prop
erty that the evaluation of the object just returns the same
object.
The generalized stack concept permits the introduction
of object classes that have no counterpart in previous RPN
implementations. A name object, for example, is a character
sequence that is used to identify other objects by name. In
the HP-28C, the numbered storage registers on earlier cal
culators are replaced by variables. A variable is a combina
tion of a name object and any other object stored together
in a linked list independent of the stack. Name objects have
the property that evaluation of the name returns the object
stored with the named variable (and if the object is a pro
gram, executes the program). This means that a user variable
behaves exactly like a built-in command. (In HP-28C ter
minology, a command is a built-in, programmable operation.)
A name for which no variable has yet been created fills
the role of a formal variable in mathematics, upon which
operations can be performed, even before evaluation. Such
names just return themselves when evaluated. This prop
erty is central to the implementation of symbolic mathema
tics on the HP-28C.
Evaluation by name and the linked list of variables are
modeled after a Forth dictionary. Built-in commands are
compiled as their execution addresses, as in Forth. How
ever, user-defined names are compiled unresolved. This
permits compilation of undefined (formal) variables, and
also allows selective purging of variables from memory,
neither of which is possible in Forth. There is a degradation
of performance compared to Forth because of the necessity
for run-time resolution of user variables, but the overall
throughput for user problem solving is usually better be
cause of the ease of programming and flexibility of the
HP-28C language.
The remaining new object class defined in the HP-28C
is procedure objects. A procedure object contains an arbi
trary number of other objects that are executed automati
cally and sequentially when the procedure object itself is
evaluated. The procedure class includes programs, which
are unrestricted sequences of data, commands, or variables,
and algebraic objects, which represent mathematical ex
pressions and equations and therefore must satisfy certain
syntax rules. Both procedure object types can be manipu
lated on the stack, or named in a variable. In previous
calculators, programs were created and edited only in a
special program mode.
Variable Stack Depth

In another major break with earlier calculator architec
tures, the HP-28C stack grows dynamically as new objects
are entered onto the stack and shrinks as they are removed.
The number of objects on the stack is limited only by avail
able memory. There are two major benefits of this approach.
First, mathematical calculations of arbitrary complexity
can be carried out entirely on the stack. Second, it facilitates
structured programming â€” procedures can be defined exter
nally in terms of the number and type of arguments they
take from the stack and the number and type of result
objects they return. Subroutines can be nested to an arbi
trary depth without concern for stack overflow.
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Example Problem
A farmer has 100 yards of fencing to enclose a rectangular
field, which is bounded on one side by a river. What length L
and width W of the field will enclose the maximum area?
Solution using HP-28C:
1. The length of the fence is 100, i.e., L + 2W = 100. Enter
equation using keystrokes: 'L + 2xw = ioo ENTER
2. Solve for L, i.e., 100-2W, by pressing â€¢ L SOLV ISOL
3. Assign this value to L by pressing â€¢ u STO.
4. The area of the field is LW, i.e., LW = AREA. Press ' L x w
= A R E A ENTER

5. Substitute forL, i.e., (100-2W)W = AREA, by pressing EVAL
6. To find the maximum area, differentiate by pressing ' W ENTER
d/dx, obtaining the expression -(2*W)+(100-2*W) = 0.
7. Collect terms, i.e., 100-4*W=0, by pressing ALGEBRA
COLCT

8. Solve for W by pressing ' w SOLV ISOL.
9. Assign this value, i.e., 25, to W and solve for L by pressing
' w STO L EVAL. This gives a result of 50.
Answer: The width of the field should be 25 yards, and the length
50 yards. The entire problem can be formulated and solved in
the HP-28C without recourse to pencil and paper.

The use of an indefinite stack size as the central user
interface is again reminiscent of Forth. The names of vari
ous stack manipulation commands â€” DUP, SWAP, ROLL,
PICK, etc.â€” were adapted from Forth. However, the HP-28C
adds a dimension of user protection derived from its cal
culator heritage. It is not possible to cause memory loss
by, for example, pushing too many objects onto the stack
as most Forth programmers have experienced. The HP-28C
has an elaborate low-memory handler that prevents such
drastic results.
The memory stack is a stack of 5-nibble object pointers,
not the objects themselves. The objects are stored either in
a temporary object area or in user variable memory. Thus,
when an object on the stack is duplicated, only the pointer
is duplicated. But when the stack is decompiled, the objects
are shown, not the pointers, so that the stack has the visible
and logical behavior of a stack of the actual objects. The
existence and management of the object pointers is entirely
transparent to the user.
Command Line

In keeping with its theme of uniform treatment of all
object types, the HP-28C provides a free-form command
line in place of the multiple entry modes of its predecessors.
For example, in the HP-41C the user enters floating-point
numbers directly into the stack's X register, alpha data into
an alpha register in alpha mode, and programs into program
memory via program mode. In the HP-28C, all new objects
are typed as character strings into the command line, which
is created dynamically when a number or letter key is pressed.
The contents of the command line can be edited with cur
sor, backspace, delete, and insert keys. The unrestricted
size of the command line allows the entry of more than
one object on one line, as well as calculator commands

that are specified by name.
Different object types are identified within the command
line by characteristic delimiter characters. For example,
strings are enclosed in double quotes, variable names and
algebraic expressions are surrounded by single quotes, and
lists are enclosed in curly brackets. These delimiters are
also used when objects are displayed on the stack.
The centerpiece of RPN keyboards has always been the
ENTER key. On previous calculators the ENTER operation
terminates digit entry, copies the contents of the X register
into the Y register, and then disables stack lift. On the
HP-28C, the concept of stack lift disable has been elimi
nated (with an indefinite-depth stack, it serves no purpose
and would only add confusion), and the role of the ENTER
key has been generalized to mean "parse and evaluate the
command line."
Context-Sensitive Keys

The use of a command line entry method on a calculator
that provides immediate key-per-function execution re
quires a dynamically configured keyboard that is sensitive
to the current content of the command line. For example,
the primary definition of the + key is to add the contents
of stack levels one and two, and normally, the addition is
performed immediately when the key is pressed. To pre
serve keystroke similarity with previous RPN calculators,
+ should act on the most recently entered arguments,
whether or not they have been moved from the command
line to the stack. On the other hand, if the user is entering
an algebraic expression or a program, pressing the + key
should just append the plus sign to the command line.
There is a large group of such context-sensitive keys, in
cluding virtually all programmable command keys. The
remaining keys either execute immediately, like ENTER, or
add characters and numbers to the command line, like the
letter and digit keys.
The action of context-sensitive keys is determined by
three entry modes:
In immediate mode, the default state, context-sensitive
keys execute immediately. Where appropriate, most keys
automatically perform ENTER before executing their own
definitions. Thus the standard RPN sequence to add 3
and 6 of 3 ENTER 6 + is preserved â€” pressing the + key
enters 6 onto the stack and then executes the addition.
K In algebraic entry mode, keys corresponding to com
mands such as +, SIN, and LN that are legal in algebraic
expressions append their function names to the com
mand line. All other commands execute immediately.
These include, for example, stack operations that are
outside of the scope of ordinary algebraic expressions.
In alpha entry mode, all context-sensitive keys append
their labels to the command line.
The active entry mode is indicated by the shape of the
command line cursor. An open rectangle indicates im
mediate mode, a rectangle with two horizontal lines inside
shows algebraic mode, and a filled rectangle means alpha
mode. Similar arrow shapes are used when command line
entry is insertion mode rather than replacement mode.
The choice of entry mode depends most often on the
type of object being entered into the command line. The
HP-28C automatically changes entry mode when certain
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delimiter keys are pressed. Pressing the ' key signifies the
beginning of an algebraic object, which automatically
changes the entry mode from immediate to algebraic entry.
Similarly, pressing the " key (strings) or the Â« key (pro
grams) sets alpha entry mode. These automatic changes
mean that most of the time, the user does not have to be
concerned about the mode.
Visible Stack

The visible appearance of the stack is considerably differ
ent from previous calculators, beyond the simple consider
ation that the four-line display can show up to four stack
levels simultaneously. A typical display might look like
Fig. 2. Here we see that there is a 2X2 matrix in level 1, a
complex number in level 2, and an algebraic expression in
level 3. Note that each object occupies only one stack level,
even though each is composed of several parts. The nota
tion 1:, 2:, 3:, etc., was adopted to name the stack levels,
because there was no logical extension of the traditional
X, Y, Z, T sequence used for the earlier four-register stack
to an indefinite number of stack levels.
A major design challenge was solving the problem of
how to handle the partial decompilation of objects for view
ing. In many cases, an object is too big to display on a
single line, or even in the entire display. Therefore, it was
necessary to devise a scheme to permit scrolling the display
up or down through such an object. At the same time, the
limited RAM of the HP-28C makes it preferable not to de
compile an entire object into a character string form, since
there might not be enough memory available to hold a long
display string in addition to the object itself.
This problem is most severe in the case of algebraic ex
pressions. The internal RPN order of the objects that define
an expression is not the same as the order of the terms in
the decompiled form. The first object in the written form
of an algebraic expression may well be the last object in
the RPN execution order of the expression. The solution
is to generate a compact binary code to represent the display
order of the objects in an algebraic expression, including
the positions of parentheses and other special characters.
This code is preserved as long as any portion of the alge
braic expression is displayed. Pointers into the code indi
cate the currently displayed portion and which portions
to display next if the user moves the display window.
Symbolic Mathematics

by allowing users to add their own custom operations to
the built-in function set. The HP-28C represents a third
generation of calculator design with its capability of apply
ing logical and mathematical operations to programs.
A conventional program can be considered as a symbolic
calculation. That is, the program is written in advance of
the data to which it is to be applied, and refers to that data
only by name or other form of abstraction. However, cal
culator languages share the common limitation that they
cannot manipulate the programs themselves or their sym
bolic results in their unevaluated form. This includes nonkeystroke languages like BASIC, which accept expressions
in a pseudomathematical form.
The HP-28C provides two symbolic object types: name
and algebraic. In this context, name objects can be consid
ered as expressions consisting of only a single variable.
Algebraic objects are just procedures that are entered and
decompiled in expression form. They are identical inter
nally to RPN procedures (called programs, for simplicity),
except that they are marked as algebraic objects. They are
restricted in their definition to satisfy so-called algebraic
syntax â€” they must take no arguments from the stack, return
exactly one result, and be completely divisible into a hierar
chy of subexpressions , each of which also satisfies algebraic
syntax.
The key to performing symbolic math operations on the
HP-28C is the behavior of commands corresponding to
mathematical functions, which accept symbolic argu
ments. Such a function examines its arguments, and if one
or more is symbolic, returns a new symbolic object repre
senting the function applied to the symbolic argument. For
example, if 'A' and 'B' are on the stack, pressing the + key
returns the result 'A + B'. Then pressing keys 2 and A returns
'(A + B) A2'.
When an algebraic object is evaluated by pressing the
EVAL key, it behaves exactly like the equivalent program â€”
each object in the algebraic object is evaluated in an RPN
sequence. Consider the evaluation of the algebraic object
'(A + B)*C', where A is has the value 2, B has the value X + Y,
and C has no value. The expression is equivalent to the
program key sequence A B + C x . When the EVAL key is
pressed:
1. A is evaluated, returning its value 2.
2. B is evaluated, pushing its value X + Y onto the stack,
which now looks as shown in Fig. 3a.
(continued on page 16)

The first electronic calculators were characterized by
their ability to apply a fixed set of operations to data
supplied by the user in the form of real numbers. Program
mable calculators provided a new generation of capability

4:

4

i:
Fig. 2. Typical HP-28C display with a 2x2 matrix in level 1,
a complex number in level 2, and an algebraic expression in
level 3.

(b)

Fig. 3. (a) Display after B is evaluated (see text), (b) Display
after C is evaluated, returning just its name.
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HP-28C Plotting
The HP-28C includes a simple plotting capability for the gen
eration of mathematical function plots and statistical data scatter
plots. Although the size and resolution of the liquid-crystal display
severely limit the detail and elegance of the graphics, such plots
can be extremely useful in providing a global picture of the be
havior a a function or a set of statistical data. In particular, a
plot is almost indispensable for finding initial guesses for the
HP-28C's equation solver, and for sorting out the ambiguities of
multiple roots.
As an example, consider the equation:

(a)

x3-x2-2x + .75 = 0
This we has three roots, of which at least one is real. If we
plot the expression on the left, using the default plot parameters,
we obtain the display shown in Fig. 1a. From this picture, we
can observe that there are three real roots, which correspond to
the points where the plotted curve crosses the axis. To zoom in
on the region containing the roots, we can execute .3 *w, which
multiplies the horizontal range by 0.3, then plot again (Fig. 1 b).
To determine a precise value for any of the roots, we:
1 . Digitize two points from the plot at selected values of the
horizontal coordinate on both sides of the root.
2. Exit the plot and combine the two digitized coordinates into
a list.
3. Activate the equation solver and store the list into the variable
X as a first guess for the root-finder.
4. Solve for X.
Digitizing is achieved by means of a cursor superimposed on
the plot. The cursor can be moved with the cursor menu keys.
In Fig. 1. the cursor is invisible because it coincides with the
axes at the origin. We move the cursor up off the X-axis to make
it more visible and over just to the left of the middle root by using
theA and ^ keys (see Fig. 2a). Pressing the INS key digitizes
the cursor location by returning its coordinates to the stack as
an ordered pair (x,y). Now we move the cursor to the right of the
intersection as shown in Fig. 2b and digitize a second point.
Pressing the ON key exits the plot so that the two point coordinates
are shown on the stack (Fig. 3a).
Combine the two points into a list by executing ->LIST. Then
activate the equation solver by pressing! SOLVSOLVR. The result
ing display is shown in Fig. 3b.
Finally, press the menu key X to store the list as a first guess,
then (Fig. X to solve for the 12-digit root = .337301614083 (Fig.

(b)
Fig. 2. (a) Digitizing point just to left of middle root of plotted
equation, (b) Digitizing point just to right of middle mot.

3Â¡

2Â¡
1Â¡

C.3i.5>

STEQ ftCEQ FMIN F-MHH INDEP DRAM

(a)

(b)

.337301614033
K

E F T =

F ; T =

(c)
Fig. 3. (a) Digitized points from Fig. 2. (b) Combining points
in (a) into a list, (c) Solution for middle root of equation using
list of points from (b).
3c). The message Zero indicates that the expression evaluates
to machine zero at that point.
Other HP-28C plotting features include:
â€¢ Autoscaling for statistical data plots
â€¢ Turning on specified pixels
â€¢ Printing display images on the optional HP 82240A Infrared
Printer.

(a)

Gabe L. Eisenstein
Development Engineer
Handheld Calculator and Computer Operation

(b)

Fig. 1. (a)Plotofx3-xz-x +
tal range expanded.

(b) Plot of (a) with horizon-
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(continued from page 14)

3. + examines its arguments, finds that one is symbolic,
and so returns the symbolic sum 2 + (X + Y).
4. C is evaluated. Since it is a formal variable, it just returns
its name as shown in Fig. 3b.
5. Finally, * returns the symbolic result (2 + (X + Y))*C.
In addition to mathematical functions that can be in
cluded within algebraic expressions, the HP-28C provides
a host of operations that are not representable as functions,
but can be applied to algebraic objects. These operations
include expansion, collecting terms, subexpression sub
stitution, symbolic variable isolation, and an expression
editor that permits rearranging an expression according to
standard rules of algebra. See the box on page 13 for an
example of the formulation and solution of a problem in
volving algebra and calculus on the HP-28C.
This application of RPN principles to algebraic expres
sions reflects the conviction that algebra, perhaps even
more than numerical calculation, is an interactive, postfix
process where a user decides how to proceed with a calcu
lation according to step-by-step, intermediate results as the
calculation develops. An important aspect of the approach
is that the HP-28C is the first calculator to offer a smooth
integration of RPN and algebraic interfaces. A user can
enter an entire calculation in expression form, as the user
might using BASIC, or where appropriate, the calculation
can be broken into subexpressions for partial evaluation,
with the intermediate results conveniently held on the RPN
stack.
Type Dispatching

The inspection of arguments described above for alge
braic functions is an illustration of the more general type
of checking and dispatching steps common to most HP-28C
operations. Every HP-28C command has the following
structure:
check_arguments, type_and_dispatch, dispatchjist

The check_arguments process determines if the appropriate
number of arguments are present, and issues the "Too Few
Arguments" error if not. Note that this error condition is
not possible on previous RPN calculators, in which the
four stack levels are never empty. The check_arguments pro
cess also saves copies of the arguments for possible retrieval
by the LAST command.
The type_and_dispatch process returns a code representing
the type and position of the arguments and then inspects
the dispatch list until it finds a matching code. Adjacent
to each argument code in the dispatch list is a pointer to
the executable program code for the command corre
sponding to the argument combination. If a match is found,
execution branches accordingly. If the dispatch list is
exhausted without a match, the "Bad Argument Type"
error is returned.
The type-and-dispatch command structure has some use
ful side benefits:
â€¢ The USE option, available when the CATALOG operation
is active, inspects the dispatch list to create a stack-use
table to guide a user in the correct use of a command.
This provides an important help facility at very little
cost in ROM use.

The type_and_dispatch word is different for commands that
are legal in algebraic objects and those that are not. In
algebraic entry mode, it is only necessary to check this
word to determine whether to execute a command or add
its name to the command line. Similarly, the check_arguments word indicates whether to append an opening paren
thesis to an algebraic command name as a typing aid.
In addition to the type and dispatch encoding, algebraic
functions also include pointers to the code for their corres
ponding derivative and inverse functions.
Recovery Features

The LASTX feature on RPN calculators, which returns the
contents of the X register before the most-recent X-register
operation, serves a dual purpose. First, it provides a means
of recovering from an incorrect operation â€” thus pressing
LASTX - LASTX restores the stack to its state preceding an
inadvertent press of the + key. Second, it permits repeated
use of the same argument â€” pressing SIN LASTX COS + com
putes sin x + cos x. Both of these features are present in
the HP-28C, but they have been separated and extended
into more powerful operations.
The error recovery feature has evolved into the HP-28C's
UNDO operation. When ENTER is executed by pressing the
ENTER key or any other key that does an automatic ENTER,
a copy of the current stack (object pointers) is saved in a
temporary environment. After the command line is
evaluated, the effects of the evaluation on the stack can be
canceled by pressing the UNDO key, which replaces the
new stack with the saved version.
All HP-28C commands that use stack arguments save
copies of those arguments that can be retrieved by the LAST
command. LAST pushes the recovered arguments onto the
stack like its LASTX predecessor, but returns all (up to three
â€” no command uses more) of the arguments, not just the
one returned by LASTX.
These recovery features, together with the four-level
command stack that saves the most recent command stack
entries, can consume a significant amount of RAM in certain
circumstances. Each of the three features can be disabled by
the user when more RAM is required for an operation.
Development Methodology

The HP-28C firmware was developed in a year by a small
team using the RPL operating system and language (see the
article on page 21). The use of a highly structured language
was necessary for the implementation of symbolic mathe
matics, but also yielded a significant increase in productiv
ity compared with previous products, which were coded
entirely in assembly language. A RAM-based prototype HP28C was available only three months after beginning the
project, which made possible significant design changes
based upon customer testing of the prototype. Thus, the
emphasis throughout the project was on rapid prototyping
of features followed by design modifications based on ac
tual keyboard use, rather than detailed advance specifica
tions.
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Mechanical Design of the HP-18C and
HP-28C Handheld Calculators
by Judith A. Layman and Mark A. Smith

The HP-18C/28C package was the first product at HP's
Corvallis site to be designed principally on a CAD/CAM
system. This system improved communication between de
sign engineers and manufacturing engineering .aring the
initial layout phase of the product. It also simplified check
ing tolerances and provided the expedient automatic trans
fer of information to the tooling shop for plastic part molds.
CAD allowed easy analysis of the design such as package
cross sections and the graphical simulation of case rotation
(Fig. 1).

shell, but also support the flexible keyboard assembly. In
addition, the case half that houses the alphabetic keys is
made to deflect slightly to create a latch which holds the
product closed.
Heatstaking is a proven manufacturing process for pro
viding uniform keyboard support. Using this in combina
tion with the case assembly eliminates the need for screws.
This process was easily automated because it is controlla
ble, requires fewer parts that are easily presented to the
tooling, and results in a sturdier product. The industrial
design team chose to give the outside of the HP-18C and
HP-28C a clean appearance by keeping the package simple
and free of overlays. Because of this, reverse ejection is
used to move the molding gate remnant from the cavity
(outside) to the core (inside) side of the part. Contrary to
convention, heatstaking is done from the top side of the
keyboard. The existing keyboard overlay is used to cover
the heatstake rivet heads in addition to providing the sec
ondary function labels. The choice of polycarbonate as a
case material helps ensure that the product will survive a
one-meter drop on all six sides.

Case Design

Dense Packaging

The continual design challenge for handheld calculator
products is providing more functionality in smaller pack
ages. Many components in the HP-18C and HP-28C are
integrated to provide more than one function (Fig. 2). This
minimizes volume in the product and also decreases the
part count for production assembly. For example, the bot
tom cases not only provide the cosmetic and protective

A hybrid printed circuit board (see article on page 25)
is used because the high pin count of the two display driver
ICs did not allow them to be packaged in the conventional
manner for a surface-mounted device. Because of the high
cost of the polyimide substrate material used for hybrid
circuits, the board size was kept as small as possible. In
all, five ICs, twelve discrete surface-mounted devices, and

THE HP-18C AND HP-28C represent a new mechani
cal design for HP handheld calculators. These prod
ucts use a vertical clam-shell format with a simpli
fied keyboard in a coat-pocket-size package. Using the pro
ductivity advantages provided by the use of CAD/CAM
(computer-aided design and manufacturing) tools, the
package was designed for manufacturability and then
thoroughly tested for reliability to ensure quality perfor
mance for the customer.
Layout
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