
Fig. 6. HP-28C plot of f (x) = (x/(3x-1))3- 1. 

solution as a warning that the solution is not exact. 

HP-28C Iterative Solver 
The HP-28C's iterative solver assumes a higher level of 

sophistication on the part of the user. It also searches for 
a real solution to an equation or a real zero of an expression. 
It differs from the HP-18C version only in the manner that 
the user specifies initial guesses, how the solver displays 
current iterates, and the solver's termination display. 

The HP-28C uses the initial contents of the unknown to 
obtain up to three initial guesses, with zero as a default. 
The user specifies one initial guess by storing a real or 
complex number in the unknown. The HP-28C takes the 
real part of a complex number as an initial guess. The user 
can specify one, two, or three distinct initial guesses by 
including those guesses in a list and storing that list in the 
unknown. The HP-28C uses up to the first three distinct 
real numbers or real parts of complex numbers in the list. 
The reason for handling complex numbers in this way is 
to facilitate the user's specifying initial guesses obtained 
by digitizing points from plotted equations. 

The iterative solver is faster if it does not need to display 
iterates, so by default the HP-28C solver does not do so. 
However, the user can trigger the display of current iterates 
by pressing any key other than ATTN. Additional pressing 
of such keys has no effect and the solver purges the key 
buffer when it terminates. Pressing ATTN always aborts the 

iterative solver, which then returns a list of the three current 
iterates on the display stack and stores the list in the un 
known. 

If the HP-28C cannot obtain at least two values in the 
domain of f(x) using the initial guess(es) of the unknown, 
then it leaves the unknown unchanged and displays Bad 
Guess(es). If the HP-28C cannot obtain a slope, then it leaves 
the unknown unchanged and displays Constant. Otherwise, 
the HP-28C overwrites the initial contents of the unknown 
during the search process. When the search is complete, 
the solver returns a message and an exact or approximate 
solution on the display stack and stores the solution in the 
unknown. The HP-28C displays the message Extremum if it 
exhausts the search interval without finding a change of 
sign. If it finds a change of sign but not an exact numerical 
solution, it displays Sign Reversal. If it finds an exact nu 
merical solution, it displays Zero. 

The solver application menu has labeled softkeys that 
can be pressed to evaluate the left and right sides of the 
current equation for the current values of the equation's 
variables. The user can use these keys to inspect the quality 
of a solution in more detail. 
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Electronic  Design of  An Advanced 
Technical  Handheld Calculator  
by Preston D.  Brown,  Gregory  J .  May,  and Megha Shyam 

THE DESIGN of an advanced handheld calculator 
such as the HP-28C requires solutions of some spe 
cial problems: how to package the system in a limited 

space, how to provide power from three small batteries for 
six months, how to keep the cost down, and how to release 
the new design in less than 18 months. These challenges 
were met by designing three custom CMOS ICs, packaging 
the electronics using chip-on-board and surface-mount 
technologies, and using powerful design aids. The HP-28C 
includes a four-line liquid-crystal display (LCD), 128K 

bytes of ROM, 2K bytes of RAM, a clock, and an infrared 
transmitter for sending data to an optional detached printer. 
The HP-18C Business Consultant contains the same elec 
tronics, but only one ROM. 

The electronic design (Fig. 1) of the HP-28C provides a 
20 x improvement in computat ional  speed over i ts  pre 
decessor, the HP-15C. Custom ICs and custom packaging 
were required to achieve this functionality on a small cir 
cuit board measuring 3 by 1.5 inches. 

A hybrid board design (see article on page 25] is used 
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for the entire system. Two display drivers and the CPU are 
bonded directly to the front of the printed circuit board 
using 263 bonds. Two ROMs in flatpacks and the rest of 
the discrete components are placed on the back of the 
board. Pressure contacts are made from the board to the 
LCD on the front, and from the board to the keyboard on 
the back. The use of chip-on-board technology has proven 
to be reliable and cost effective. 

Custom Microprocessor  
Commercially available microprocessors have a number 

of limitations that make them unsuitable for use in a cal 
culator. They require too much power, many support chips, 
regulated supplies, or a wide system bus which takes up 
too much room on a printed circuit board. Hence, a custom 
microprocessor was developed for the HP-28C to avoid 
these problems. 

The processor used in the earlier HP-71B Handheld Com 
puter1 was an excellent starting point for the design; this 
processor already met the low-power and interconnect re 
quirements, but it would not run at 3V (the minimum bat 
tery voltage). By porting the design into the newer, smaller 
CMOSG process, the part price and the power supply re 
quirements were reduced and the speed was increased. 
At the same time, new instructions were added to improve 
data manipulation and the interrupt structure was en 
hanced. 

The instruction set of the processor is highly optimized 
for binary-coded decimal operations on both integer and 
real numbers. The main working registers in the processor 
are 64 bits long and are broken into three fields: the expo 
nent, the mantissa, and the sign fields. Individual nibbles 
or bytes of the registers can be handled independently. 

The processor has 16 input pins and 12 general-purpose 
output pins, some of which are used to scan the keyboard. 
Most of the work of scanning the keyboard is the responsi 
bility of the firmware including the scan sequence, key 
debouncing, and type-ahead buffer. Hardware is kept simple. 

Fig.  1 .  System block d iagram. 

Bus Definit ion 
To reduce printed circuit board area, the bus width must 

be limited. A four-bit multiplexed command and data bus 
may seem to be an extreme solution, but is necessary to 
save space. The challenge is to maintain reasonable perfor 
mance with a four-bit bus. Each 1C in the system maintains 
its own copy of the 20-bit program counter (PC) and a data 
pointer (DP) which are only broadcast on the bus when 
necessary. After a read operation to an address pointed to 
by the PC, each 1C automatically increments its copy of 
the PC. Therefore, the PC need only be updated if a branch 
is taken. In this case, the PC must be reloaded. The com 
mand LOADPC is placed on the bus followed by the five 
nibbles of the new address. The other fifteen bus commands 
include starting reads and writes to the address pointed to 

V O N  

LCD LC1 LC2 â€¢â€¢â€¢ LC91 
LCD Drivers 

Fig.  2 .  Layout  and arch i tec ture o f  d isp lay dr iver  ch ip .  
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by the PC or DP, loading the DP, and resetting and configur 
ing the system. 

Another feature of this bus definition is soft configura 
tion, which allows the memory space to be allocated as 
desired. A daisy-chain signal is routed from one 1C to the 
next. If an 1C has not yet been configured, it drives its 
daisy-out (DO) line low. When its daisy-in (Dl) line is high, 
the 1C responds to identification and configuration com 
mands which place it in the address space. Once config 
ured, the IC's DO line goes high so that the next chip in 
the chain can be configured. 

The bus consists of 10 pins: data (pins 0 to 3), CDN (signals 
if the transfer is a command or data), STRN (system strobe), 
Dl, DO, VDD, and GND. The bus supports data transfer at up 
to one megabyte/second. However, in the HP-28C the trans 
fer rate is limited to 325 kilobytes/second because of other 
limitations. 

Display Drivers 
The liquid-crystal display requires 184 drivers. Since 

there are too many pins to be driven by a single 1C, two 
identical display driver ICs (Fig. 2) are used, each driving 
92 lines. Each driver 1C also requires 20 additional pins 
for a total of 112 pins per 1C. Other system needs are also 
integrated onto the display drivers; the CPU and ROM are 
the only features that would not fit because of area limita 
tions. 

The 32-way multiplexed (see waveforms in Fig. 3) liquid- 
crystal display requires up to nine volts peak-to-peak to 
operate. This presented some difficulty since the CMOSG 
process allows only seven volts maximum because of two 
problems. First, the process' polysilicon field threshold 
runs around 12V and there would be significant sub- 
threshold conduction at nine volts. Second, although a 
p-channel transistor can handle the high electric fields pro 
duced, an n-channel FET would only last a short time 
before it was damaged. To live within these constraints, 
restricted layout rules and circuit designs were developed 
to allow nine-volt operation. The layout rule changes in 
cluded increasing the minimum gate length, increasing the 
polysilicon-to-diffusion spacing, eliminating polysilicon 
p-well crossings, and not allowing two transistors to share 
the same gate polysilicon. By making use of a supply level 
already needed for the display, VM!D (1.8V), two n-channel 

1 . 8 V  

(b) 

Fig. circuit (a) High-voltage inverter, (b) Nine-volt interface circuit 
for  supply ing display dr ivers.  

devices can be placed in series and biased to maintain a 
voltage drop of less than seven volts across each of them 
(see the high-voltage inverter in Fig. 4a). 

While the majority of the system is powered by three 
N-cell batteries (4.5V), the display drivers need nine volts. 
Therefore, an interface circuit was necessary to provide 
Â±4. 5V. The high-voltage inverter could allow a 0-to-4.5V 
logic input to produce a Â±4. 5V output, but current drains 
would be high since both the pull-up and pull-down tran 
sistors are on when the input is at ground. However, by 
incorporating two high-voltage inverters into a latch (Fig. 
4b), the full voltage swing is placed across the inputs of 
both inverters, and no dc current flows. 

â€”  -4 .5V  

Row 1 P ixe l  ON 

488 MS 

Fig.  3.  Mul t ip lexed waveforms for  
dr iv ing l iquid-crystal  d isplay.  
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Bit  Bit  

B i t  2  

F ig .  5 .  S ta t i c  RAM ce l l s ,  (a )  T ra  
d i t i ona l  s t a t i c  RAM.  ( b )  HP-18C  
and HP-28C d isp lay RAM ce l l .  

Programmable Switching Supply 
The power supply uses only three discrete components 

and a 50-to-150-kHz clock signal to generate a negative 
display supply (VDREF, -4.5V) from a 2.7-to-6V input. The 
other display voltages are generated by buffering voltages 
from a resistor divider strung between VDD (4.5V) and VDREF. 
The negative supply is adjusted versus ambient tempera 
ture by comparing the voltage from a string of three parasitic 
npn transistors to the voltage from a switched capacitor 
divider driven by VDREF. A 5-bit register which directly 
varies the ratio of this divider gives the user control of the 
display contrast by altering the negative supply voltage 
with respect to VDD. 

System Funct ions 
Other features necessary to complete the system are in 

tegrated onto the display driver (see Fig. 2). A two-port 
RAM consisting of ninety-two 32-bit words is used for a 
display bit map. The read-only second port is formed by 
the addition of a second word line, a second bit line, and 
two transistors to the basic static RAM cell (see Fig. 5). 
Each display driver also provides IK bytes of system RAM. 

In the low-battery detection circuit, the supply voltage 
VDD is divided down and compared to a bandgap reference. 
The reference produces 1.3VÂ±15 mV over process vari 
ations and the operating temperature range of -30 to 

+ 75Â°C. 
Display control logic handles the display refresh and 

synchronization of multiple chips. 
A 32-bit crystal-controlled timer provides a real-time 

clock and other timing functions. 
A flexible I/O pin allows TTL-level serial communica 

tions and several other I/O possibilities. In the HP-18C and 
HP-28C Calculators, this pin drives an infrared LED trans 
mitter for sending data to an optional printer with an in 
frared receiver. The timer and I/O sections provide minimal 
hardware support for these features; as much of the com 
plexity as possible is handled by the firmware. 

512K-Bit  ROM 
The third custom 1C used in the HP-28C is a 512K-bit 

ROM. One or two ROMs in flatpack packages are soldered 
to the back of the hybrid circuit board. The ROMs are not 
bonded directly to the board for three reasons. First, by 
placing the ROMs in separate packages the HP-28C and all 
language versions of the HP-18C can be produced by simply 
loading the boards with a different ROM. Second, that 
much ROM would consume a large amount of tester mem 
ory and is best tested separately. Third, the CPU and display 
drivers require most of the room on the front of the board, 
and directly bonding chips to both sides of the board is 
not practical. 

Predecoders 

F i g .  6 .  A r c h i t e c t u r e  o f  5 1 2 K - b i t  
ROM chip.  
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Early in the development cycle it became apparent that 
a high-density CMOS process was essential to help keep 
the cost of the product at realistic levels. Hence, this ROM 
chip was designed using a third-generation CMOS process 
developed at HP's Northwest Integrated Circuits Division. 

The chip architecture (Fig. 6) consists of four 128K-bit 
quadrants, each organized in 512 rows and 256 columns. 
The data from each quadrant is read four nibbles at a time. 
Considerable design effort went into minimizing power 
supply drain by the ROM in both the operating and standby 
modes. Our design approach incorporates decoded virtual 
ground drivers so that only part of each quadrant is active 
at any time. The use of virtual ground drivers minimizes 
precharge current contribution to the operating current. 

Our choice for the ROM core cell is the so-called X core, 
where the polysilicon word line snakes around the island 
line at 45Â° angles. The traditional diffusion resistance to 
ground is not present in this design, which eliminates 
periodic ground bus lines. Data from the ROM core is 
sensed by special differential sense amplifiers that detect 
the difference between the selected cell and a dummy cell. 
The ROM is island programmable, which implies that a 
one or zero is detected by the presence of an island complet 
ing the transistor. The design calls for the ROM to operate 
from 3.0 to 5.5 volts with 200-ns access time at 65Â°C. 

The ROM interfaces to the CPU using the 4-bit data bus 
and two control lines. For proper operation, the chip needs 
only 11 pads. The chip was designed to be configurable in 
the address space of the CPU either by hard configuration 
(i.e., the address is predefined and set) or soft configuration 
(i.e, the address can be mapped anywhere in the CPU ad 
dress space). The interface of the ROM core with the CPU 
consists of a command decoder and two 20-bit program 
counter and data pointer registers. 

The CMOS process development played a key role in 
the availability of the ROMs. Some of the principal charac 
teristics of this new CMOS process are: 
â€¢ It is an n-well process, as contrasted to previous p-well 

processes. 
It uses p-type epitaxial silicon on a p + substrate instead 
of a monocrystalline silicon structure. 

â€¢ 5 x optical steppers are used for all critical lithography 
levels. 

â€¢ The metal interconnection layers (first and second) have 
a linewidth-spacing pitch of 4.0 /am. 

â€¢ The polysilicon lines are drawn 2.8 Â¿tin wide and are 
placed at least 1.2 /am apart. 
The islands that define p-channel or n-channel transistor 
widths are 2.8 /am wide. 

â€¢ The n-channel and p-channel threshold voltages are 
0.75V and symmetrical. 

â€¢ The effective size of a minimum-geometry device is 1.8 
fan wide and 1.3 /am long. 
The maximum operating voltage is 5.5V. 

ESD and EMI  Design Considerat ions 
From the very beginning of the project, the design goal 

for electrostatic discharge (ESD) protection was to elimi 
nate any breakdowns through the case with the calculator 
placed on a reference ground plane for discharges up to 
25 kV. Hence, the emphasis on sealing the product with 

an RTV compound was partly because of ESD require 
ments. However, the problem with that design philosophy 
is that any one entry point can eliminate all chances of 
success. In this case, the weak point was the battery door. 
Interestingly enough, the observed arc path was from the 
battery door to the battery case and over through the elec 
tronics to the CPU key lines. The reason for this was sim 
ple â€” the keyboard provides a larger capacitance to refer 
ence ground than anything else in the product (i.e., the 
highest charge path is through the electronics). The solu 
tion is to isolate the keyboard using a series resistance and 
to provide an alternate path for this charge with an appro 
priately placed ground plane. The keyboard-to-ground 
capacitance is reduced by inserting a grounded metal shield 
between the keyboard and the reference ground. This de 
sign at the same time provides an alternate, more desirable 
charge path to this internal ground plane because of its 
predominant capacitance to the reference ground. This 
technique has proven to be quite successful in previous 
projects.2 

Electromagnetic interference (EMI) generation was not a 
problem, mainly because of an early emphasis on proper 
printed circuit board layout. Possible RF sources are elimi 
nated by minimizing the physical loop areas created by 
the signal and ground return paths, and by laying out the 
power and ground lines first on the hybrid. This is an 
extremely quiet product, considering its speed capabilities. 

Tools 
An aggressive schedule was met with this project. Since 

the CPU was a redesign, the display driver and ROM were 
the most critical 1C designs. Three months were required 
for design, schematic entry, and simulation. Our first pro 
totypes, built six months later, were fully functional. 

The Hierarchial Custom Design System, developed at HP 
for in-house use, is a highly integrated set of tools running 
on HP 9000 Computers. The schematic capture system pro 
duces a net list which is fed to the circuit (HP Spice) or 
logic simulator. The logic simulator handles CMOS designs 
including bidirectional transmission gates and circuit 
fights created, for example, when overdriving cross- 
coupled inverters to load a latch. A high-level, Pascal-like 
language is used to develop all the test patterns. This lan 
guage can then be compiled for the logic simulator or for 
the 1C test system. Often the output of the simulator is used 
to create the production test patterns, but recompiling the 
high-level language has three benefits. First, changes in the 
test patterns can be implemented quickly, without having 
to resimulate the entire 1C. Second, the test patterns are 
well documented. Finally, the features of the language re 
duce the time required to develop test patterns for both 
simulation and production testing. 

Standard cells were used whenever possible, but some 
layout was done manually while the RAM was drawn by 
a module generator. All design rule and electrical errors 
in the layout were caught with a hierarchical design rule 
check (DRC) and schematic compare program. One error 
was caught in the module generator's work. With thousands 
of dollars of mask charges and months of debugging time 
at stake, correct by construction is a nice goal, but it can 
not beat correct by double checking. The DRC and compare 
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program ran quickly and produced concise listings of any 
errors. 
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d isplays and th ick- f i lm and th in- f i lm hybr ids.  He 
and his wife and two children are residents of Cor 
va l l is ,  Oregon.  His  hobbies inc lude gardening,  
music, running, hiking, and reading to his children. 

re lated to d iodes,  GaAs character izat ion,  and 
solid-state devices, and his work in these fields has 
led to four patents. He's also an adjunct professor 
at Oregon State University and teaches courses on 
VLSI  des ign.  A res ident  o f  Lewisburg,  Oregon,  
Megha is married and has three chi ldren. He's ac 
tive in the Baha'i faith and enjoys meeting people, 
reading,  and l is tening to music.  

Bruce R.  Hauge 
A graduate of Oregon State 
Univers i ty ,  Bruce Hauge 

â€ž completed work for his BS 
in chemical  engineer ing in  
1979.  He worked as an 
R&D engineer for  Cordis-  

*  D o w  C o m p a n y  b e f o r e  c o m  
ing to HP in 1981. An 1C 
packag ing eng ineer ,  he  
has worked on quad packs 

for HP-1 0 Series Calculators, printed circuit board 
hybr ids  fo r  severa l  handhe ld  compute rs  and  ca l  
culators, and pin-grid array packages. An Oregon 
native, Bruce was born in Salem and now lives in 
Corvall is. He's married and has two daughters. His 
outside interests include church activites, personal 
computers ,  p lay ing gu i tar ,  and record ing mus ic .  

Paul  R.  Van Loan 
With HP since 1977, Paul  
Van Loan specializes in 1C 
package development and 
is a project manager for the 
company's Northwest 1C 
Division. His first project at 
HP invo lved  the  deve lop  
ment  and product ion  o f  
LCDs.  La te r ,  he  con t r ib  
uted to  work on the HP- 

IOC, HP-15C, HP-16C, and HP-41C Calculators.  
His work on ceramic and refractory materials and 
on thick-f i lm resistor formulat ions has resul ted in 
three patents. He's also the author of over 25 pa 
pers in the fields of mineralogy, materials science, 
hybr id  microe lect ron ics ,  and d isp lay technology.  
Born in Toronto, Canada, Paul earned a BS in earth 
sciences in 1 957 and an MS in mineralogy in 1 958 
f rom the Univers i ty  of  Toronto.  He cont inued h is  
s tudies at  McGi l l  Univers i ty ,  f rom which he re-  
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Pau l  J .  McCle l lan  
â€¢ An Oregon native, Paul 
â€¢ McClellan received his BS 
m in  phys ics  and  mathema-  
â€¢ tics in 1974 from the Univer- 
â€¢ s i tyo fOregonandhisPhD 
â€¢ in statistics in 1984 from 
â€¢ Oregon State University. 

Ã ¡ > ^ j Ã ¡ | |  I  B e f o r e  c o m i n g  t o  H P  i n  
I  1979  he  deve loped  so f t -  

' i H ^ H  w a r e  f o r  d i g i t a l  m e a s u r e  
ment system applications and for robot calibration. 
At  HP,  he has cont r ibuted to  the deve lopment  o f  
a  ser ies of  ca lcu lators  and handheld computers,  
including the HP-1 5C Calculator, HP-71 B Comput 
er, HP-1 8C, and HP-28C. He's coauthor of a May 
1983 HP Journal  ar t ic le on the HP-15C. Paul  was 
born in Salem and lives in Corvallis. He's a member 
of  Corval l is  Mounta in Rescue and enjoys Nordic  
and a lp ine  sk i ing ,  rock  c l imb ing ,  mounta in  c l imb 
ing,  and reading.  
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Megha Shyam 
A nat ive of  Ind ia ,  Megha 
Shyam received h is BSEE 
degree  f rom the  Ind ian  In  
st i tute of Science in 1961 
and his PhD in electrical en 
gineer ing f rom Stanford 
Universi ty in 1967. He 
worked  fo r  severa l  com 
panies,  including Fairchi ld 

*  S e m i c o n d u c t o r ,  B e l l  &  
Howel l ,  and Data General ,  before jo in ing HP in 
1977.  He has cont r ibu ted to  the  des ign o f  in te  
g ra ted  c i rcu i ts  fo r  the  HP-85B and HP-75C Com 
puters,  was pro ject  leader  for  the card reader  for  
the HP-71 B Computer, and designed portions of the 
HP-18C and HP-28C. He's the author of 14 papers 

Preston D.  Brown 
Preston Brown joined HP in 
1981 and has contr ibuted 
to the development  of  the 
HP-IL module for  the HP- 
71 B Handheld Computer,  
to the ThinkJet Printer, and 
to the 1C design and system 
design for  the HP-41C 
Handhe ld  Computer .  He 
was respons ib l e fo r t hed i s -  

p lay dr iver  1C and was a product ion engineer  for  
the HP-1 8C Calculator. He has written two papers 
for internal HP conferences on 1C artwork verifica 
t ion and on a d isp lay dr iver .  Born in  Pensacola,  
Flor ida,  Preston studied electr ical  engineer ing at  
the University of Florida (BSEE 1 981 ). He's now a 
resident of Philomath, Oregon and likes skiing and 
hiking. 

Gregory J .  May 
Greg May was born in Day 
ton,  Ohio  and earned a  
BSEE degree in 1 980 from 
the University of Tennessee 
at  Knoxvi l le.  Af ter  coming 
to  HP the same year ,  he 
w o r k e d  o n  t h e  p o w e r  s u p  
p ly  and memory  board  fo r  
the HP-75C Portable Com 
pu te r  and  la te r  was  a  p ro  

duct ion engineer  for  the product .  He has a lso 
worked on the HP-94 Handheld Computer and on 
bar code wands.  His contr ibut ion for  the HP-1 8C 
and HP-28C Calculators was the analog design for 
the d isplay dr iver  1C and system ESD and EMI.  
Greg and h is  w i fe  and daughter  are  res idents  o f  
Corvall is, Oregon. He's an amateur radio operator 
(KB40X) and woodworker and recently restored a 
1 972 Fiat 1 24 Spyder. He's also working toward an 
MBA degree f rom Oregon State Univers i ty .  

Hewlet t -Packard Company,  3200 Hi l lv iew 
Avenue, Palo Al to,  Cal i fornia 94304 

H E W L E T T - P A C K A R D  J O U R N A L  

A u g u s t  1 9 8 7  V o l u m e  3 8  â € ¢  N u m b e r  8  

Technical  Information from the Laborator ies of  
Hewlett -Packard Company 

Hewlet t -Packard Company,  3200 Hi l lv iew Avenue 
Palo Alto, Cal i fornia 94304 U.S.A. 

Hewlet t -Packard Centra l  Mai l ing Department  
PO.  Box 529,  Star tbaan 16 

1 180 AM Amstelveen, The Nether lands 
Yokogawa-Hewlet t -Packard L td . ,  Suginami-Ku Tokyo 168 Japan 

Hewlet t -Packard (Canada) Ltd 
6877 Goreway Dr ive.  Miss issauga,  Ontar io  L4V 1MB Canada 

Bulk Rate 
U.S. Postage 

Paid 
Hewlett-Packard 

Company 

HPJ 8/87 
C BLACKBURN 
JOHN HOPKINS UNIV 
APPLIED PHYSICS LAB 
JOHNS HOPKINS RD 
L A U R E L Â »  M D  2 0 7 0 7  

CHANGEOF ADDRESS:  To subscribe, change your address, or delete your name from our mail ing l ist, send your request to Hewlett-Packard 
Journal ,  3200 Hi l lv iew Avenue,  Palo Al to ,  CA 94304 U.S.A.  Inc lude your  o ld address label ,  i f  any Al low 60 days.  

5953-8563 

© Copr. 1949-1998 Hewlett-Packard Co.


	A Handheld Business Consultant
	Cash Flow Analysis Using the HP-18C
	The Equation Solver Menu in the HP-18C
	History and Inspiration of the Solve Interface
	An Evolutionary RPN Calculator for Technical Professionals
	Example Problem
	HP-28C Plotting
	Mechanical Design of the HP-18C and HP-28C Handheld Calculators
	Symbolic Computation for Handheld Calculators
	A Multichip Hybrid Printed Circuit Board for Advanced Handheld Calculators
	An Equation Solver for a Handheld Calculator
	Electronic Design of an Advanced Technical Handheld Calculator

