


Third Generation Programmable 
Calculator Has Computer-Like 
Capabi I ities 
A new programming language, HPL, helps the user apply 
the many technological advances in this personal 
computing machine to a wide variety of computation and 
control problems. 

by Donald E. Morris, Chris J. Christopher, Geoffrey W. Chance, 
and Dick B. Barney 

A POWERFUL MEDIUM-PRICED desk-top pro­
grammable calculator with many features pre­

viously found only on minicomputers, the new 
26-pound HP 9825A Calculator (Fig. 1), is designed 
primarily for use in the fields of engineering, research 
and statistics. The new calculator's speed, interfacing 
abilities and computer-like features make it particu­
larly well suited for use as the controller of an instru­
ment system, for pilot process control applications, 
for remote data collection, and for production con­
trol. It can also be used as a powerful stand-alone 
computing tool. 

Significant contributions that provide major user 
benefits include two-level priority interrupt, live key­
board, direct memory access with input speeds up to 
400,000 16-bit words per second, high-performance 
bidirectional tape drive, multidimensional arrays, 
automatic memory record and load, and extended in­
ternal calculation range (±10S11 to ±10-S11

). Some of 
these are standard features and others are available in 
optional plug-in read-only memories (ROMs). 

The 9825A uses a high-level programming lan­
guage called HPL. This formula-oriented language is 
easy to learn and is designed for controller applica­
tions as well as for data processing. HPL provides for 
subroutine nesting and flags, and allows 26 simple 
variables and 26 multidimensional array variables, 
limited only by the size of the calculator memory. 
Editing of lines and characters is simple, and error lo­
cations are identified by a flashing cursor in the dis­
play. Fixed and floating point formats can be set by 
the user from the typewriter-like keyboard. 

The keyboard has twelve special function keys 
that, combined with the shift key, can handle 24 
different operations. These keys help in program writ­
ing and in peripheral and instrument control. They 
can serve as immediate-execute keys, as call keys for 
subroutines, and as typing aids. 
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With the live keyboard, never before found on a 
desktop calculator, the user can examine and change 
program variables, perform complex calculations, 
call subroutines, and record and list programs while 
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the calculator is performing other operations. 
Interrupt capability, available in the Extended I/O 

ROM, permits the calculator to act as a controller for 
several instruments or peripherals that require atten­
tion at unpredictable rates or times. 

A 32-character LED display and a built-in 16-
character thermal printer provide alphanumeric 
readout including both capital and lower-case letters. 
Some European and Greek characters are also avail­
able in an optional ROM. 

The display was specifically designed for the 
9825A Calculator. Each character has a maximum 
height of 0.37 cm and is formed on a 5-by-7 dot matrix. 
Four characters are packaged together in a dual in­
line package. The dots are red light-emitting diodes 
fabricated on a monolithic substrate. Also on this sub­
strate are two bipolar ICs, each of which contains two 
seven-bit shift registers for holding the column infor­
mation and decoding and enabling the appropriate 
column. The display is treated as a peripheral device 
by the processor. Display refresh and flashing of the 
insert and replace cursors are all handled by hard­
ware. Therefore, no loss of processing speed is in­
curred by having the display active during program 
execution. 

The printer is the same as the 9815A Calculator's 
built-in printer (see article, page 24). 

The built-in tape cartridge holds 250,000 bytes 
and has a 2,750-byte-per-second data transfer rate. 
Using the cartridge, the operator can perform rapid 
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Fig. 1. Model 9825A Calculator 
can be used as a stand-alone pro­
grammable calculator or as a sys­
tem controller. Major new features 
include two-level priority interrupt, 
direct memory access, live key­
board, multidimensional arrays, 
high-performance tape drive with 
automatic memory record and 
load capability, and extended 
internal calculation range. The 
keyboard layout is based on that 
of a standard typewriter with the 
addition of a number pad, system 
command and editing keys, and 
twelve user-definable keys. The 
programming language is called 
HPL. 

memory load and record operations. In the event 
of a power failure, this feature, coupled with the 
autos tart feature, can reload the calculator's memory 
with whatever had been recorded on the tape and 
continue from that point. Or, while a long program is 
running, an operator can stop it, record the entire 
memory onto the cartridge, run another program and 
then reload and continue the first program from the 
point of interruption. A 90-ips search and rewind 
speed and a 22-ips read/write speed give an average 
access time of six seconds. The tape drive provides 
automatic verification during recording, and the cal­
culator always knows the position of the tape, so it 
saves time by being able to search at high speed in 
either direction for the next file. 

The Language: HPL 
The 9825A's language, called HPL, is a powerful 

formula-oriented language that provides features of 
BASIC, FORTRAN, ALGOL and PLII. HPL's features 
minimize the translation process that a user has to go 
through to program an algebraically formulated 
problem. 

HPL's basic building block is the statement. The 
language allows several statements per line; this re­
duces memory requirements and increases execution 
speed. In HPL, key words are written in lower-case 
characters and variables in upper-case or capital let­
ters. Some of the language's features are demonstrat­
ed in the following program, which solves for the 



roots of a quadratic equation by computing the value 
of (-B±Y (BB-4AC))/2A. 

0: enp "value of A", A, "value of B", B, "value of Coo, C 
1: if 4AC>BB;gto "imag" 
2: prt "real roots"; spc 1 
3: prt (-B+Y(BB-4AC))/2A;spc 1 
4: prt (-B - Y (BB -4AC))/2A;spc 4; jmp -4 
5: "imag": 
6: prt "complex roots"; spc 1 
7: prt "real", "imaginary"; spc 2 
8: prt -B/2A,V (4AC-BB)/2A;spc 1 
9: prt -B/2A,-Y (4AC-BB)/2A;spc 4; gto 0 

10: end 

Line 0 allows the user to enter and print (enp) the 
values of the variables A, B, and C. When the RUN key 
is pressed, the first message, "value of A", will appear 
on the display and be printed on the printer. After 
typing the answer, the user presses the CONTINUE key 
to resume program execution. In lines 3 and 4, the so­
lution of the equation is programmed in a very simple 
manner similar to the pencil-and-paper solution. The 
implied multiply feature reduces the number of par­
en theses and "*" multi plication signs that would 
otherwise be required. Lines 1, 4, and 9 contain 
branching statements with label, expression, and line 
number arguments. 

Arrays 
When dealing with large arrays of numbers, it is 

normally necessary to reserve a memory space large 
enough to solve the problem. HPL provides dynam­
ically allocated multi-dimensional arrays with selec­
table lower bounds. Thus, the user can easily specify 
his data memory requirements. The dimension state­
ment dim A[O:N] reserves memory space for N + 1 
numeric elements. The first element of the array is 
A[O] and the last is A[N]. 

Multiple arrays can be declared in the same "dim" 
statement. For example: 

dim A[O:N],B[3,3],K[3+L:2X,Y,Z]. 
In this case, the system will reserve memory space 
for arrays A, B, and K. Array B is a two-dimensional 
(3 X 3) array. Array K is a three-dimensional array. 
The size of the first dimension is 2X - (3 + L) + 1. 
Y and Z specify the size of the second and third di­
mensions of the array K respectively. The first ele­
ment of the array is K[3+L,1,1] and the last is 
K[2X,Y,Z]. 

Strings 
Many problems are numeric and can be solved 

using traditional mathematical functions and numeric 
arrays. Others are presented as character "strings" 
and can best be handled by HPL's string functions 
and string arrays. Character strings are assigned to 
string variables, which are denoted by a capital letter 
followed by a "$" sign. The following example dem­
onstrates string arrays and some of the string 
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functions. 
0: dim A$[80] 
1: "BOB "&"JONES"~A$ 
2: A$&" 2100 McKinley Ave."~A$ 
3: dsp A$;wait 500 
4: dsp cap(A$) 
5: end 

In line 0, the "dim" statement is used to declare the 
string array A$, which is 80 characters long. String 
arrays can be of one or two dimensions. The lower 
bound is one and the upper bound is given by the di­
mension size specification. In line 1, the character 
strings "BOB " and "JONES" have been connected 
with the concatenation operator "&" to form a new 
string "BOB JONES" which is assigned to the string 
array A$. In line 2, the present contents of A$ are ap­
pended with the string" 2100 McKinley Ave." and 
the result is reassigned to the same string array. In 
line 3, the system will display the contents of the 
string array as: BOB JONES 2100 McKinley Ave. 
Then, after waiting for one-half second, it will display 
the same information with upper-case characters 
throughout. The "cap" function transforms all lower­
case alpha characters to upper-case characters with­
out modifying the original string stored in A$. This 
function simplifies string comparisons and string 
sorting. 

Additional string functions calculate the length of 
a string, the position of a substring within a string, 
and the value of a substring of numeric characters. 

The relational operators, =, <, and> may be used in 
string comparisons, as the following example 
demonstrates. 

0: dim A$[10] 
1: "AB"~A$ 
2: if A$<"ABC";prt "AB<ABC" 
3: if "AC">A$;prt "AC>AB" 
4: end 

Both relational operations are true, so lines 2 and 3 
will be executed and the printer will print: 

AB<ABC 
AC>AB 

Looping and Branching 
As seen in the quadratic solution program above, 

the absolute and relative "go to" and "jump" state­
ments provide simple and computed unconditional 
transfers of program control. These, in conjunction 
with the relational operators, can be effective in de­
veloping controlled loops that allow repetitive execu­
tion of program segments. In many cases the looping 
task can be simplified by the use of HPL's "for-next" 
statements, similar to those in the BASIC language. 
For example: 

0: for I=O to 90 by 10 
1: dsp I,sin(I);wait 1000 
2: next I;end 
The "for" statement initiates the loop and specifies 

the control variable's initial value, 0, and final value, 
) 
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9825A Product Design 

The product design of the 9825A Calculator was based on the 
belief that a product, like an organism, interacts with its environ­
ment, imposes demands, and creates relationships between 
itself and all who come in contact with it during its odyssey of 
development, production, testing, shipment, and ultimate 
maturity in the field. Requirements that consistently appear 
are small size, light weight, and ruggedness. It is also desir­
able that the internal parts be sensibly arranged and that 
subassemblies be easily accessible for assembly and service. 

These needs led to the first major concept in the product de­
sign, that the mechanical elements must provide a maximum of 
functions with minimum structure and weight. Traditional no­
tions of sheet metal card cages mounted in an external shell 
were rejected because of tolerance, size, and weight problems. 
After considering many manufacturing methods, structural 
foam molding appeared to best solve the problems of providing 
a combination of external shell with detailed internal structure 
for mounting and locating the various subassemblies. 

The structural foam case, however, did not provide RF inter­
ference shielding that previous metal cases had provided and 
was determined to be necessary. To meet the RFI requirements, 
a conductive coating is applied to the inside of the case and 
connected to calculator ground. Two techniques are used, 
flame spraying aluminum and painting with a silver colloid con­
ductive paint, both of which have proved to be satisfactory. 

Four case parts are foam molded; two of them, the base and 
the keyboard housing, are the two major subassemblies. The 
printed circuit boards are stacked horizontally in the base with a 
new HP-designed printed circuit board stacking hinge and are 
interconnected with flat cable along the hinged edge, elimin­
ating the need for a mother board (see Fig. 1). The flat cable 
also allows physical separation of the two major subassemblies 
while leaving them connected electrically. 

The printed circuit boards in the stack have two of the new 
hinges attached to one side. These provide a rigid mounting 
when closed, but also allow random access to any of the boards 
by hinging them up individually or together (Fig. 2). Access to 
both sides of a board or to many boards at once is possible. The 
hinges slide apart for easy board exchange without tools. Thus 
the calculator can be completely opened and continue running. 

The entire package is designed to be assembled and tested 

Fig. 1. 9825A Calculator is fully operational when opened 
for servicing. Printed circuit boards are hinged to provide 
access to both sides. Plug-in ROMs at front and side were 
pulled halfway out for this photo. 
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Fig. 2. Printed circuit board stacking hinge detail. 
right side up. Hence there are no more knee and back exercises 
requ'lred to remove or install access screws. Two screws re­
moved from the rear free the top shell, which is interlocked 
to cause power disconnect in case of inadvertent opening. 
Loosening (but not removal) of two screws in the base allows the 
keyboard housing to slide forward and be set aside. At that 
point, any of the secondary subassemblies (printed circuit 
boards, printer, keyboard, and so on) are accessible immed­
iately and independently. 

One of the subassemblies in the keyboard housing is the key­
board, which was developed specifically for the 9825A and 
9815A Calculators. The goals were to provide a positive key ac­
tion, to keep the front profile of the machine low, and to lower the 
cost over previously used switches. The "buckling strip" tech­
nology originally used in HP hand-held calculators was modi­
fied to suit a larger keyboard, primarily by increasing key spac­
ing and key cap travel. This new keyboard is only 0.79 cm 
thick, saving about 1600 cm 3 and about half the cost per switch 
of previous 9800-Series keyboards. 

The first step of the keyboard manufacturing process IS the 
preparation of the printed circuit board that carries the key­
switch scan matrix and the pads for the individual switches. The 
surface of the board is plated with bright alloy that gives corrosion 
proofing and the weldable surface needed for the next step. 
Then a beryllium-copper strip plated with bright alloy is cut into 
O.4x 1.65-cm pieces, which are electrically welded to the 
printed circuit board in such a way as to give an arch 0.06 cm 
high. The buckling of this arch gives tactile feedback to the user. 
This keyswitch board is then securely staked to a plastic insert 
that contains the keycaps. Each keycap is hinged and has an 
actuator that depresses the arch beneath it. 

The operating system ROM is housed in a separate package 
that is accessible from the outside. This allows testing in­
dependently of the mainframe final assembly and very easy 
field replacement. Critical internal components are placed 
directly in front of the fan to achieve more than adequate cooling 
in spite of a high total heat dissipation inside the package. 
Internal mounting bosses, reference surfaces, and gUiding 
grooves are molded into the structural parts to provide accurate 
location of the subassemblies with a minimum of hardware and 
labor. As a result, such elements as the display, tape transport, 
and printer are automatically located once they are installed. 
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90, and the step size, 10. All program statements en­
closed between the "for" and "next" statements will 
be executed ten times before the program terminates 
with the "end" statement. 

Interactiveness: Live Keyboard 
The HPL command set by itself does not make the 

calculator usable. The human-machine interface is a 
very important aspect of calculator design. The 
9825A provides a number of interactive features that 
allow the user to receive information and control the 
calculator system in a very flexible manner. 

Normally, when a calculator is executing a pro­
gram, the keyboard is disabled. In the 9825A, the 
keyboard is active and the user is allowed to per­
form certain tasks without stopping the job currently 
in progress. This "live keyboard" feature allows the 
user to evaluate algebraic expressions, examine the 
status of the running program, control the program 
flow, and execute specific subprograms without 
aborting the main task. 

The following example contains two subprograms. 
The first, lines a to 5, approximates the value of 1T ac­
cording to the series, 1 +1/3 2 +1/5 2 +1/7 2 + ... = 1T2/8. 

The second, lines 6 to 9, evaluates the factorial of an 
integer. 

0: "7T APPROXIMATION": 
1: l ...... A ...... B;O ...... C ...... N 
2: "L":B +2 ...... B 
3: I/BB+A ...... A;Y (8Aj ...... P 
4: C+l ...... C;if N#O;gsb "FACT" 
5: gto "L" 
6: 
7: "FACTORIAL EVALUATION": 
8: .. FACT":l ...... X;for 1=1 to N 
9: XI ...... X;next I;dsp X;O ...... N 

10: ret 

While the calculator is busy executing lines 2 through 5, 
the user can sample the value of the counter C by 
simply entering C EXECUTE. The value of C will appear 
on the display, indicating the number of terms ac­
cumulated thus far. All mathematic functions and 
most of the HPL commands can be executed under 
live keyboard. These include variable assignments 
and execution of subroutines designed for a specific 
job. While the calculator is continuing the approxi­
mation of 1T, the user can enter n ...... N EXECUTE, where n 
is the integer whose factorial is desired. Upon execu­
tion of line 4, the calculator will perform a subroutine 
jump to "FACT", evaluate the factorial of n, display 
the result and return to the approximation program, 
which was temporarily suspended. 

The keyboard is serviced as an interrupting device 
while the program is running. To initiate live key­
board execution, an EXECUTE command must be given. 
The command will be logged and interrogated when 
the end of the current program line is reached. If no 
errors are encountered, the live keyboard operation 
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will be completed and the system will return to the 
main task to begin execution of the next program line. 
If an error has been detected during the live keyboard 
operation, it will be displayed and the calculator 
will abort the live keyboard job and resume the main 
task. 

Data Entry 
In the quadratic solution program, the "enp" (enter 

and print) statement allowed the user to enter a value 
for the specified variable and print the request and the 
answer. If printing is not wanted, the "ent" (enter) 
statement can be used instead. Entering data, numer­
ics, or character strings is a very important func­
tion of a computing system, so HPL makes it as inter­
active as possible. As shown in the quadratic ex­
ample, the enter statement causes the calculator 
to prompt the user and accept data. In the numeric 
case, the data can be given as a number or as an 
expression; which will be evaluated and the result 
supplied as an answer to the enter statement. If an 
error is detected during the syntax analysis or evalua­
tion of the expression, the error will be displayed and 
the calculator will remain in enter mode. While the 
calculator is in the enter mode, the user can execute 
expressions and most of the HPL commands without 
affecting the pending enter statement. 

Often the user will enter array data element by ele­
ment. In such cases, it is important that the enter 
prompts provide relevant information. The 9825A ac­
complishes this very simply as shown by the follow­
ing program. 

0: dim A[10] 
1: for 1=1 to 10;ent A[I];next 1 
2: end 

The first time the "ent" statement is executed, the dis­
play will show the prompt "A[l]?". The following 
prompts will be "A[2]?" ... "A[10j?". Thus the 
array element lor an equivalent expression is evaluat­
ed and the numeric result is presented to the user 
along witb the array name. 

At times, the entered expressions or the program 
lines will be syntactically incorrect. When such an 
error is discovered the calculator will take no further 
action other than to display an error message and give 
an audible signal. Additional error information can 
be obtained from the error booklet or by simply recall­
ing the line. If a syntactical error is discovered, the 
line will be displayed with a flashing rectangular cur­
sor. The cursor identifies the problem area so the error 
can be corrected quickly. 

Editing and Debugging 
In the process of composing a program and enter­

ing it into the calculator, logical and typographical 

) 
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errors will inevitably occur. The 9825A offers im­
proved editing capabilities for modifying existing 
information without retyping complete lines. Also 
available are many debugging aids, tools the pro­
grammer can use to locate and identify programming 
errors. 

The editing features include both character and 
line editing. The design objective was to minimize 
the time and number of keystrokes needed to edit the 
program. 

Even though the programmer can minimize the de­
bugging effort by correct problem analysis and good 
programming techniques, some troubleshooting will 
usually be necessary. The 9825A facilitates such ac­
tivity by means of the following commands: step, 
trace, normal, stop, and reset. The programmer can 
step through sections of a program line by line. 
Stopping at certain lines and tracing of lines can be 
requested before program execution begins or from 
the live keyboard while the program is running. 
When tracing is specified, the calculator will print 
the number of the line that is currently being exe­
cuted, followed by any variable assignments and flag 
assignments. In the case of array assignments, the 
array name and the specific numeric subscripts will 
be given followed by the value assigned to the array 
element. 

Tape Cartridge Commands 
The 9825A has a versatile set of cartridge com­

mands for recording and loading programs, data, 
special key definitions, and assembly language 
programs. 

When the calculator is turned on, the verify-after­
write feature is enabled. Following every record com­
mand, the calculator will back up, read the recorded 
information, and compare it byte-by-byte to the cor­
responding information in the calculator readl 
write memory. If an error is detected the calculator 
will issue a terminal error signal and abort the opera­
tion. Two commands, auto-verify enable and disable, 
allow the user to enable or disable this feature under 
program control. Another verify command verifies 
the recorded file and returns the status of the opera­
tion. When a bad file is encountered, the information 
can be recorded on another file and the task continued. 

During load operations, files are read up to four 
times if an error is detected in the check word. Thus 
a transient error, such as a loose dirt particle, is not 
visible to the user. 

Use of the verify features and proper cartridge 
handling will assure very infrequent loss of recorded 
information. To minimize loss of programs and data 
when failures do occur, every file is divided into par­
titions 256 bytes long. When a program file partition 
is lost, the corresponding lines will be substituted by 
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a line of asterisks, *. When the program is listed, 
the user can immediately spot the location of the mis­
sing lines. Otherwise, the partitions are managed by 
the system and are completely transparent. 

Often the programmer will have to interrupt the de­
bugging process or swap complete jjobs. Depending 
on program complexity and system requirements, 
these may not be trivial tasks. The 9825A includes a 
"record memory" command which simplifies these 
tasks. The command records all the data and pro­
grams and internal pointers, so when the file is 
loaded back into the calculator the system's status is 
the same as before the record operation. This allows 
continuation of the debugging process or complete 
redefinition of the system with a single command. 

Optional Language Features 
The Advanced Programming ROM includes a 

cross-reference command and subroutine and func­
tion calls. The cross-reference command scans the 
entire user program in the calculator memory, locates 
all the simple and array variables used in the pro­
gram, and prints them in alphabetical order. Every 
variable is followed by a list of the line numbers in 
which that variable occurs. This cross-reference list­
ing can be very helpful in editing and appending 
large programs. 

The "go sub" statement provides basic subroutine 
capability in HPL. The subroutine "call" statement 
implemented in the Advanced Programming ROM 
provides additional capability by allowing parameter 
passing and local variables. Subroutines can return 
one or more parameters. Functions allow parameter 
passing and local variables, but return only one par­
ameter. The following example demonstrates the use 
of subroutines and functions. 

0: ent A,B 
1: ell 'sum,diff'(A,B,C,D) 
2: prt C,D 
3: prt 3+'sum'(A,B);stp 
4: "sum,diff":pl +p2 ...... p3;pl-p2 ...... p4 
5: ret 
6: .. sum .. :AA ...... p3;BB ...... p4 
7: retV (p3+p4) 

The values ofthe variables A and B are passed to the 
subroutine 'sum,diff' and are assigned to the local 
variables pI and p2. In turn, the results, p3 and p4, are 
returned to the variables C and D. In line 3, the func­
tion 'sum' returns a numeric value and the result of 
the evaluated expression is printed. The p-variables 
are local to the particular subroutines and functions. 
When these routines are exited, the p-variables are 
deallocated, thus returning to the program the tem­
porarily used read/write memory. The simple and 
array variables are global variables. They can be used 
in subroutines and functions as well as in the main 
program. 



I/O Bus 

Fig. 2. 9825A hardware organization. The processor and 
ROMs are HP-deve/oped NMOS LS/ circuits. 

With the Matrix and Array optional ROM, a 40X40 
matrix can be inverted in 80 seconds. Matrix trans­
position and multiplication are among the matrix 
operations. Array operations (+, -, *, -7) are per­
formed on corresponding elements of identical-size 
arrays. 

Hardware Organization and Memory Structure 
Fig. 2 is a block diagram of the 9825A hardware. 

The key elements of each block were developed es­
pecially for this machine, except for the 4K RAMs 
in the read/write memory block. 

The processor is described in the article beginning 
on page 15. Communication between the processor 
and memory is over the 16-line, bidirectional IDA 
bus. The ROMs are 16,384-bit HP-developed N­
channel MOS devices. To save power and improve 
reliability, these ROMs operate in a low-power stand­
by mode until addressed. 

The total memory address space for read/write and 
read-only memory is 65,536 bytes. Memory cycle 
time is 880 nanoseconds. The standard 9825A in­
cludes 8K bytes of read/write memory and 24K bytes 
of operating system in ROM. The user can expand 
both types of memory if needed. 

Input/Output Structure 
The internal input/output bus of the 9825A Calcu­

lator is the same I/O bus that goes to the three I/O slots. 
Therefore, the printer, display, keyboard, beeper, 
and tape transport are all treated as peripherals. 

Communication between the processor and the 
peripherals is done asynchronously with respect to 
the system clocks. Signals on the data and control 
lines are valid only when the I/O strobe (IOSB) is low. 

The selection of peripherals for data transfer is 
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done via four signal lines. These lines are defined by 
loading memory address 910 , which is also known as 
register R9. Each peripheral must know its own ad­
dress and decode that address during an I/O strobe. 

Registers (memory addresses) R4 through R7 are 
phantom registers to the processor; they exist only in 
the electronics associated with a peripheral. To trans­
fer data between the processor and a peripheral de­
vice, the peripheral address is written into R9, and 
then either a "Load RN" or "Store RN" command is 
executed, where N is 4,5,6, or 7. The register num­
bers are encoded on two lines. 

If the command is a store command, then the signal 
DOUT goes low, denoting a transfer to the peripheral 
register selected. If the command is a load command, 
the transfer will be from the peripheral into the pro­
cessor's A register or RD. 

I/O Interrupt Structure 
The standard I/O system can operate without the 

use of interrupt, but the interrupt capability is de­
fined only in conjunction with the standard I/O proto­
col. The interrupt capability can be turned on or offby 
software command. 

There are two levels of interrupt. On each level 
there are eight ranked priorities. The interrupt prior­
ity of a device is the same as its peripheral address or 
select codes. Low-level interrupt devices have select 
codes 0 to 7; select code 0 has the lowest priority. 
High-level interrupt select codes are 8 to 15; 15 has 
the highest priority. 

If interrupt is enabled, then any interrupt can nor­
mally be serviced. If more than one peripheral on a 
given level wants service, the device with the highest 
priority is serviced first. Once an interrupt service re­
quest has been initiated for a given level, another re­
quest from the same level will be ignored until the 
first request is completed. A high-level interrupt will 
interrupt a low-level service routine. The termination 
of an interrupt service request is similar in function to 
the RETURN at the end of a subroutine. 

To minimize interrupt service times, the device 
polling and software branching are handled entirely 
by the interrupt hardware. Actual service response 
times are software-dependent. 

There are two interrupt request lines that are pulled 
low by peripheral devices to indicate that they need 
service. One is the low-level request line and the 
other is the high-level request line. As soon as either 
(or both) of these lines is low and interrupt has been 
enabled, the I/O chip initiates the polling routine. 
Any operation on the I/O or IDA buses is allowed to 
complete. 

When an interrupt request is initiated by a pe­
ripheral device, it holds the appropriate line low 
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until it is actually granted service. The fact that an I/O 
poll occurs does not necessarily mean that interrupt 
was granted, because more than one device might 
have been requesting service. If a request occurs on 
both levels, then the high level will be the first polled 
and serviced. The processor automatically selects 
the highest-priority request on each level. 

Before the poll (usually during the turn-on routine) 
an interrupt vector is stored in register R10. This 
interrupt vector is twelve bits long; concatenated 
with the select code of the interrupting peripheral it 
forms the address of the appropriate entry in the in­
terrupt table. The interrupt table contains sixteen en­
tries; these are the starting addresses ofthe peripheral 
service routines. The I/O chip automatically branches 
through the interrupt table to the selected service 
routine. 

The selected peripheral doesn't receive any indica­
tion that it has been selected until the service routine 
resets the interrupt request. This delayed acknowledg­
ment permits interrupting a low-level request by a high­
level request without regard to when the interrupt 
occurs. 

The 9825A has a single channel of DMA (direct 
memory access). One of the high-level select codes is 
assigned to DMA. The 1/0 chip handles the protocol for 
the memory bus cycles and signals the processor after 
the necessary number of transfers has been completed. 

Interfacing External Peripherals 
The 9825A Calculator has enhanced interfacing 

capabilities. It has fast, versatile interface hardware, 
high-level interface firmware, and extensive fac­
ilities for control of the HP Interface Bus (Hewlett­
Packard's implementation of IEEE Standard 488-
1975). These capabilities help make the new calcula­
tor a powerful controller for external peripherals, 
automatic stimulus-response test systems, and real­
time process control systems. 

Interfacing capability was a major consideration in 
the development of the new calculator. Speed, in par­
ticular, was important. The 9825A mainframe is 
roughly eight times faster than its 9821A predeces­
sor. the interface hardware can transfer data at 
speeds up to 400,000 words per second, and the 
HP-IB interface performs at up to 45 kilobytes per sec­
ond. Interrupt and direct memory access (DMA) capa­
bilities have been added. 

To interface the 9825A to a peripheral, a hardware 
interface is plugged into one of the three interface 
slots on the back ofthe 9825A, and a ROM containing 
interface instructions is plugged into one of the 1/0 
slots on the front of the calculator. 

Flexible interface hardware includes a 16-bit 
duplex interface card with interrupt and DMA capa­
bilities, a binary-coded-decimal (BCD) interface 
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card with interrupt capabilities, an HP-IB interface 
card with extensive interrupt capabilities that imple­
ments most of the interface functions defined in IEEE, 
Standard 488-1975, and powerful HPL interface 
instructions that may be added by plug-in read-only 
memories (ROMs). Features of the interface language 
include instructions for control of the HP-IB, in­
terrupt operations, and input and output data buffers 
operating in interrupt, DMA, or burst transfer modes. 
The main consideration in the design of the HPL in­
terface firmware was to make the task of program­
ming external devices as easy as possible. Three 1/0 
ROMs are available. They are the General I/O ROM, 
the 9862A Plotter ROM, and the Extended I/O ROM. 

16-Bit Duplex Interface 
The 98032A 16-Bit Duplex Interface is a general­

purpose interface that enables the HP 9825A Calcula­
tor to exchange input and output information with a 
wide variety of devices. This interface features 
16-bit input and 16-bit output data registers that 
provide temporary storage during data transfer, plus 
control, interrupt, and direct memory access (DMA) 
logic. Also provided is a peripheral control line (take 
action) to the peripheral device and a peripheral flag 
line (action complete) from the peripheral device. In 
addition to these basic control lines, the interface also 
features two extended control lines for multiplexing 
applications and three device status lines. 

The calculator initiates an input operation by re­
questing data from the peripheral device via the pe­
ripheral control line. The peripheral device indicates 
the data is ready via the peripheral flag line. This 
signal enters the data into the input data register and 
indicates the completion of the I/O operation by set­
ting the calculator flag line and setting one of the in­
terrupt request lines if interrupt has been enabled. 
The calculator responds with an input instruction 
that enters the input data into one of the calculator's 
accumulators. 

An output operation is initiated when the calcula­
tor transfers the contents of one of its accumulators to 
the output data register. The calculator also issues a 
"take action" command via the peripheral control 
line, indicating that the data is ready to be acted upon. 
The peripheral device indicates acceptance of the 
data via the peripheral flag line. This signal also 
marks the completion of the I/O operation by setting 
the calculator flag line and setting one of the interrupt 
request lines if interrupt has been enabled. 

The DMA logic on this interface permits the 9825A 
to exchange input and output information with a pe­
ripheral device at high data rates. This logic requests 
the calculator to perform a DMA transfer whenever 
the interface has been enabled for DMA and the inter-



face is ready for an input/output operation. Data 
transfer rates up to 400,000 16-bit words per second 
can be accommodated with this mode of operation. 

BCD Input Interface 
The 98033A BCD Input Interface provides the inter­

facing hardware necessary to interface the 9825A to a 
variety of instruments that provide binary-coded-de­
cimal (BCD) output data in a bit-parallel, digit-paral­
lel form. This interface permits the input of up to 10 
BCD digits with overload and sign information. The 
interface can also be easily programmed to input BCD 
digits from two instruments. 

This interface contains a multiplexer and code con­
verter that converts the bit-parallel, digit-parallel 
BCD input data into a string of 16 ASCII characters. It 
also contains control and interrupt logic. 

The calculator initiates a reading from the inter­
faced device by issuing an output instruction that 
causes the interface to set the device control lines 
true. Initiation of a reading causes the interface to in­
dicate "busy" to the calculator. The interface will 
remain in this mode until a device flag is received in­
dicating that a valid reading is available on the input 
lines. If interrupt has been enabled, one of the in­
terrupt lines will be set true when a valid reading is 
available. The calculator responds with input opera­
tions until the ASCII character that represents the end 
of the reading is detected. Unlike most other interfaces, 
storage is not provided on this interface. Data must be 
retained on the input lines until the calculator has 

input the information. 
The input string of 16 ASCII characters has two for­

mats. If only one device is connected to the interface, 
the format is an eight-digit signed mantissa with a one­
digit signed exponent, a one-digit function code, and 
an overload indication. If two devices are connected 
to the interface, the format is a four-digit signed man­
tissa and a five-digit signed mantissa with a positive 
exponent. 

HP-IB Interface 
The combination of the 98034A HP-IB Interface 

and the Extended I/O ROM makes the 9825A Calcula­
tor a powerful and versatile controller for the HP 
Interface Bus. An extensive message oriented instruc­
tion set eliminates the need for the user to have a de­
tailed knowledge of the structure of the HP Interface 
Bus. The table below shows the HP-IB functions 
implemented in this interface. 
IEEE 488-1975 98034A Capabilities 
Interface Function 

Source Handshake (SH1) 
Acceptor Handshake (AH1) 
Talker (T5) 

Listener (L3) 

Complete Capability 
Complete Capability 
Basic Talker 
Serial Poll 
Talk Only Mode 
Unaddress if my listen 

address (MLA) 
Basic Listener 
Listen Only Mode 

Calculator 
1/0 Bus 

HP·IB Interface HP·IB 

Data 
Lines 

Control 
Lines 

Processor 
Data Bus 

Fig. 3. HP-IB Interface, used with the Extended I/O ROM, implements most of the functions 
defined in IEEE standard 488-1975. Some HP-IB fundons are also provided in the General 

110 ROM. Binary and BCD interfaces are also available. 
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r) Service Request (SR1) 
Parallel Poll (PP2) 

Device Clear (DC1) 
Controller (Cl,2,3,4,5) 

Unaddress if my talk 
address (MTA) 

Complete Capability 
Omits capability of 

being configured by 
controller 

Complete Capability 
System Controller 
Send Interface Clear (IFC) 
Send Remote Enable 

(REN) 
Respond to Service 

Request (SRQ) 
Send Interface Message 
Receive Control 
Pass Control 
Parallel Poll 
Take Control 

Synchronously 
The HP Interface Bus can also be controlled by the 

9825A when it is equipped with the 98034A HP-IB 
Interface and the GenerallIlO ROM. This combination 
is sufficient when extensive control of the bus is not 
required and the primary job to be performed is the 
transfer of data between the 9825A and peripheral 
devices on the bus. 

The design of the HP-IB interface is based on an 
eight-bit processor developed by HP. Fig. 3 is a 
simplified block diagram of the interface, showing 
the interconnections between the processor, ROM, 
the I/O registers associated with the 9825A I/O bus 
and the HP Interface Bus, and the other electronic 
modules required to support the processor and the 
9825A I/O system. 

The firmware algorithms contained in the ROM 
implement the state diagrams for the interface func­
tions and control the flow of messages between the 
calculator and the HP-IB. Both the calculator I/O bus 
and the HP-IB are monitored for conditions that re­
quire the interface to take action. The calculator can 
initiate action by addressing the interface and re­
questing an I/O operation via the command register. 
When a calculator request for an I/O operation is de­
tected, the processor issues the appropriate instruc­
tion to the other modules to decode and execute the 
requested I/O operation. The status of the HP-IB con­
trol bus is periodically sampled via the HP-IB input 
multiplexer. If a condition is detected that requires 

, action, for example, the service request line (SRQ) is 
true, the processor issues the appropriate instructions 
to complete the operation requested. 

Interface Firmware: General I/O ROM 
The General I/O ROM provides the basic firmware 

necessary to communicate with external peripherals. 
Instructions such as formatted read/write and byte or 
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16-Bit Duplex 
Interlace 

red 3, A 

Fig. 4. HP-IB instruction set eliminates the need for the user 
to have detailed knowledge of the structure of the HP inter­
face bus. Instructions for reading from and writing to devices 
on the HP-IB are similar in form to other readlwrite instructions. 
Bus protocol is handled automatically and is transparent to 
the user. 

word read/write are included in this ROM. A feature 
of this ROM is the ability to exchange data with the 
HP-IB interface or any other interface with the same 
read or write statement. 

Fig. 4 shows several devices connected to the 
9825A calculator. Three are connected to the HP-IB 
interface and one is connected to the l6-bit duplex in­
terface. Each ofthe interfaces has its own select code. 
The interfaces do not have to be plugged into any 
particular slot in the rear of the calculator. Also, each 
device on the HP-IB has its own address. 

To read data from the device on the interface with 
select code 3 and replace the value of the variable A 
with this data, the program statement is "red 3 ,A". 
Similarly, to send variable A to the device with select 
code 3, the statement is "wrt 3,A". 

If the data is to be sent to a device on the HP-IB, then 
a larger address designates the interface select code 
and the device number. Reading data from HP-IB 
device 3 to variable A is accomplished by the state­
ment "red 703,A". The HP-IB device number is the 
decimal equivalent of the least significant 5 bits of the 
HP-IB talk/listen address. This device address is ap­
pended to the HP-IB interface select code, 7. The 
general I/O ROM determines that the device is on 
the HP-IB by the larger select code. It then goes into 
an HP-IB firmware routine and issues instructions 
to the HP-IB interface to unlisten all devices, address 
device 3 as a talker, and address the HP-IB interface 
as a listener. Data is then transferred from device 3 
to the calculator. Thus HP-IB protocol is transparent 
to the user. 

In these examples, it was assumed that the pe­
ripherals all had similar data formats. This is not 
always the case, so a format statement may have to be 



used in conjunction with a read or write statement. 

Plotter ROM 
The 9B62A Plotter ROM supplies high-level in­

structions to the 9B25A for controlling the HP 9B62A 
Plotter. Included are instructions for scaling, generat­
ing axes, and labeling. 

Extended I/O ROM 
The Extended I/O ROM is an extension of the inter­

face instructions in the General I/O ROM. These add 
to the basic interfacing instructions the following 
capabilities: extensive control of the HP-IB, buffered 
I/O, interrupt operation, code conversion, and bit 
mani pulations. 

When devices are interfaced to the HP-IB, many 
bus operations are sent between devices. The power 
of the extended I/O instructions can be illustrated by 
comparing what HP-IB operations must occur to get 
a status byte from a bus device, and how this same 
message may be sent by an extended I/O instruction. 
Status bytes are received when performing a serial 
poll on the HP-IB. 

Referring to Fig. 4, assume that the 9B25A is to read 
into variable A the status byte of device 3. The bus 
operations that must occur are: 

Unlisten 
Calculator Listen Address (Device Number 21) 
Serial Poll Enable 
Device Talk Address (Device Number 3). 

The 9825A can now read the status byte on the HP-IB, 
store the result in variable A, and then send the com­
mand: Serial Poll Disable. 

Most HP-IB controllers require that the user initiate 
each of these bus operations to obtain the status byte. 
However, with the 9825A and the Extended I/O ROM 
the user need only execute the statement "rds 
(703)~A". Thus with one instruction the user can per­
form this very basic operation of receiving a status byte. 

The device statement of the Extended I/O ROM en­
ables one to assign mnemonics to select codes. The 

Main Program .------.., Low-Level 
..,.interrupt Routine 
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device statement is usually executed at the beginning 
of a program and equates device mnemonics to select 
codes. At a later point in the program, the device may 
be referred to by name, rather than by select code. In 
the following program, "DVM" is substituted for select 
code 702, and "Printer" is substituted for select code 
703: 

5: dey "DVM", 702, "Printer", 703 

20: red "DVM", A 
20: wrt "printer", A 

Interrupt 
The Extended I/O ROM adds the necessary in­

structions for control of the two levels of hardware 
interrupt available in the 982 5A. Fig. 5 shows how in­
terrupt subroutines are implemented. The "On-Inter­
rupt" statement assigns the address the program will 
jump to when a given peripheral interrupts. The "En­
able Interrupt" statement enables a particular inter­
face to interrupt. Each interrupt subroutine must be 
terminated by the "Interrupt Return" statement. In Fig. 
5, lines 5 and 6 assign the location of interrupt subrou­
tines for peripheral devices 2 and 8. Line 7 turns on in­
terrupt for those two devices. Then, during the execu­
tion of line 25 in the main program, device 2 interrupts. 
After line 25 is executed, the program jumps to the 
interrupt subroutine starting at label A. While line 
507 of this subroutine is being executed, higher­
level device B interrupts, and after line 507 is exe­
cuted, the program jumps to the interrupt routine 
beginning at label B. At the completion of this inter­
rupt program (line 612), the program returns to line 
50B. After completion of this low-level interrupt rou­
tine (line 510), the program returns to line 26 of the 
main program and continues. 

The "On-Interrupt" statement can be programmed 
to cause an immediate jump to a service routine 
on interrupt, before the current line is completed. 
However, the information processed in that line will 

I ~igh-Level 
Y'nterrupt 

I 

Fig. 5. The extended I/O ROM 
adds high-level instructions 
for control of the 9825A's two 
levels of interrupt. This example 
shows how control is transferred 
during the servicing of low-level 
and high-level interrupts. 
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be lost and the interrupt program cannot return to the 
line in which the interrupt occurred. This mode of 
operation could be used, for example, if an emer­
gency demanding immediate attention should occur. 

Buffered 1/0 
For most I/O transfers, the read and write instruc­

tions in the General I/O ROM are sufficient. However, 
in some instances the calculator may need to com­
municate with a device that requires data at a higher 
rate. Another problem situation occurs when the cal­
culator is executing a program and needs to com­
municate with a very slow device. If the write or read 
statement were used here, the calculator would spend 
most of its time waiting for the slow device. Assum­
ing that there were other tasks which the calculator 

had to perform during this wait period, it would be 
advantageous if data from the calculator could be 
placed in a buffer to be sent to the peripheral when- i 

ever it interrupted to indicate that it was ready for the 
next word or byte of data. 

The Extended I/O ROM has buffered input and 
output capability that helps solve these problems. 
Shown in Fig. 6 is an output buffer in the 9825A. This 
is a software buffer located in the calculator memory. 
The buffer can be filled by write statements that 
transfer data from data registers to the data buffer. The 
data is then transferred from the data buffer to the pe­
ripheral using the transfer statement in one of three 
modes: burst, direct memory access (DMA), or 
interrupt. 

In the burst mode the program stops while data is 

9825A Cartridge Tape Unit 
The cartridge tape unit in the 9825A Calculator has a careful 

mixture of mechanical, electronic, and software features that 
combine to give the user high performance and at the same time 
improve reliability and ease of use. Its operating characteristics 
are: 

Capacity: 250,000 bytes 
Average Access Time: 6 seconds 
Read/Write Speed: 559 mm/s (22 in/s) 
Search Speed (bidirectional): 2286 mm/s (90 in/s) 
Typical Transfer Rate: 2750 bytes/s 
Typical Access Rate: 14300 bytes/s 
Rewind Time: 19 s (one entire track) 
Verification: Automatic on recording 

The tape cartridge is the same mini data cartridge that is 
used in the 2644A TerminaJ1 and the 9815A Calculator. It mea­
sures only 63.5 mm x 82.5 mm x 12.7 mm (2.5 in x 3.25 in x 
0.5 in) 

The tape is encoded with a delta distance technique. A short 
distance (time) between magnetic flux transitions on the tape 
represents a data zero, and a long distance represents a one. 
During each interval between transitions a capacitor is charged 
by a constant current, so at the end of the interval the capacitor 
voltage is proportional to the time between transitions. This vol­
tage is compared with a threshold voltage to determine whether 
the data bit is a zero or a one. The threshold voltage is also 
stored on a capacitor and is updated slightly after any transition 
interval that is shorter or longer than expected. Thus the threshold 
tracks low-frequency variations in the transition intervals. Track­
ing makes it possible for the ratio of a one interval to a zero 
interval to be smaller than it would have to be otherwise, there­
by increasing cartridge capacity. 

At nominal read/write tape speeds the following transition in­
tervals are typical. 

O's 28.4iJ-s 
1's 49.7iJ-s 
threshold 383iJ-s 
partition gaps 550 iJ-S 
file gaps 45 ms 
end of valid data gap = 300 ms 
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The partition gap is used within files so that if an error occurs, 
only a small portion of data will be lost instead of the entire file. 
Partitions are otherwise invisible to the calculator user. 

Tape System Design 
Tape speed in the 9825A tape transport is sensed by a 

1000-line optical tachometer. This high-resolution tachometer 
makes pOSSible precise control of acceleration and decelera­
tion, helping to minimize file gap length and maximize capacity. 

Pulses from the tachometer trigger a monostable multivibra­
tor (one-shot). Low-pass filtering the one-shot output produces 
a voltage proportional to speed. This signal is compared with a 
forcing function that is proportional to the desired speed, and 
the difference signal drives the motor by way of an amplifier that 
compensates for the mechanical pole of the motor. The overall 
servo system bandwidth is 200 Hz. 

Speed changes occur at a constant acceleration or decelera­
tion produced by changing the forcing function linearly with 
time. 

The output of the magnetic head is proportional to the time 
derivative of magnetic flux, so the flux reversals on the tape 
are coincident with peaks in the head output waveform. These 
peaks are detected by differentiating the signal and sensing 
zero crossings. The head signal is also level detected, and only 
peaks that exceed a threshold are passed on. This eliminates 
problems with noise during gap regions on the tape. 

The threshold circuit performs an important function during 
automatic verification after recording. During normal read 
operations the threshold is set at 10% of the nominal output 
pulse amplitude. After a record operation the new information is 
read and compared with memory with the threshold set at 45% 
of nominal amplitude. This assures not only data validity, but 
also that the recording is not marginal in amplitude or pulse 
quality. 

The output of the read electronics is fed to the decoder, which 
reconstructs binary data from the times between flux transi­
tions, as described above. 

The write system of the 9825A Calculator is the same as that 
of the 9815A (see article, page 24) 

Reference 
1. R G. Nordman, RL Smith, and LA Witkin, "New CRT Terminal Has Magnetic 
Tape Storage for Expanded Capability,' Hewlett-Packard Journal. May 1976 
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Interface 

Fig. 6. Buffered I/O provides software buffers for input and 
output data transfer in OMA, interrupt, or burst modes. 

transferred to the peripheral in the fastest possible 
software loop. Data rates of up to 45 kilobytes per 
second may be achieved on the HP-IB. 

In the DMA mode, upon execution of the transfer 
statement, the program continues while data is trans­
ferred from the data buffer to the peripheral under 
DMA. Data transfer rates of up to 400,000 words per 
second may be achieved. DMA operation is available 
only with the 16-bit duplex interface. 

In the interrupt mode, upon execution of the 
transfer statement, the program continues while data 
is transferred from the data buffer to the peripheral 
under interrupt operation. The calculator fills the 
dp.ta buffer and instructs it to begin the transfer to the 
slow device. The data transfer between buffer and pe­
ri pheral is then transparent to the main program. a' 
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High-Performance NMOS LSI Processor 
William D. Eads and David S. Maitland 

T HE HEART OF THE 9825A Calculator, and the 
basis of its performance, is an HP-developed 

16-bit processor. 
The processor consists of three N-channel metal­

oxide-semiconductor (NMOS) large-scale integrated 
(LSI) circuits. The usual computer instruction set is 
provided by the BPC chip, the IOC chip provides in­
put/output functions, and the EMC chip provides a set 
of binary-coded decimal arithmetic macroinstruc­
tions. The three NMOS LSI chips are packaged in a 
hybrid circuit with four bipolar bidirectional buffer 
chips. Fig. 1 is a photograph of the hybrid circuit. 

A block diagram of the processor is shown in Fig. 2. 
The IDA bus is 16 bits wide and bidirectional. It time 
multiplexes instructions, data, and addresses. The 
IDA bus signals go through the bidirectional buffers 
to either the input/output (I/O) port or the memory 
port. The control bus contains all the control signals 
for memory, I/O, and communication between the 
processor chips. 

Communication between the processor chips is 
the same as interacting with memory. Thirty-two 
addresses in memory are assigned to the various 
registers on the processor chips. Whenever a memory 
cycle is executed that specifies one of these 32 ad­
dresses, the chip registers are accessed instead of 
memory. 

Each of the three NMOS chips has its own internal 
controller, which operates on 16 bits of parallel data 
or 15 bits of address. Each chip also has an instruction 
register and a decoder for recognizing instructions. 

Table I shows typical processor instruction exe­
cution and I/O times. 

Binary Processor Chip 
The primary chip of the system is the binary proces­

sor chip (BPC). It executes 59 instructions and can 
function independently of the other chips. 

The BPC is built around two general-purpose 
16-bit accumulator registers, A and B, as well as other 
registers. The memory address space of the processor 
is 32,768 words, which requires a 15-bit address field. 
The 16th bit of an address word is used to define in­
direct addressing. If the most significant bit of an ad-
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dress is clear, the word at that address is data; if the 
most significant bit of the address is set, the word at 
that address is treated as another address. 

The memory reference group of instructions forms 
a memory address by adding the least significant 10 
bits of the instruction to the current value ofthe 15-bit 
program counter register (P) giving an address rela­
tive to P. Or, depending upon a bit in the memory 
reference instruction, this bit can be used to address a 
fixed 1024-word block of memory, called base page. 
Thus any memory reference instruction can directly 

Table I 

Typical Instruction Execution Times 

Instruction Description Time (J.Ls) 

LDA m Load accumulator A from address m 1.83 

CPB m Compare contents of B with con- 2.33 
tents of m; skip next instruction 
if unequal. 

jMP m Unconditional branch to address m 1.17 

JSM m jump to subroutine at m. The con- 2.5 
tents of return stack register R are 
incremented. and P is stored at the 
address contained in R. 

RET n Return from subroutine. The con­
tents of the address in R are placed 
in P and added to n (-32.;;n<32). 
The processor jumps to this address 
and R is decremented by 1. 

ABR n Arithmetic right shift of B n places. 
with sign bit filling all vacated 
positions. 

PBC m Place byte content of m into stack 
addressed by C. Increment C. 

FXA 12-digit decimal add 

FMP 12-digit-bY-1-digit decimal multi­
ply giving 13 digit result. 

Typical I/O Times 

LI Lockout time (maximum) of inter­
terrupt acknowledgment 

LD Lockout time (maximum) of DMA 

Maximum transfer rate in DMA 

2.33 

2.67 (n=8) 

3.5 

4.67 

17.3 

Instruction time 
+.33 J.Ls 

1.67 J.Ls 

667.000 
16-bit words/s 



ment memory and skip on zero, and logical ANDIOR 

operations with A. 
The shift-rotate instructions contain a four-bit field J 

that allows 1 to 16 bits of shift or rotation on the A or B 

Fig. 1. An HP-developed 16-bit processor is the heart of the 
9825A Calculator. It consists of three NMOS LSI chips and 
four bipolar chips in a hybrid circuit on a 7.6 x3.8-cm ceramic 
substrate. 

access the 1,024 words of base page memory and 
the words that lie within ±512 words of itself. If 
the instruction specifies an indirect address, any 
word in memory can be accessed via the address 
word. The memory reference instructions include 
loading, storing, adding, comparing A or B with 
memory, jump, jump subroutine, increment or decre-

Peripheral { =:~ ======1 
Address PA2 =======t PA3 

DOUT --tl1--------~!'-.,;-

100lJ.10015 

register. Left and right shifts are allowed. The alter-
skip instructions contain a six-bit field to allow skip-
ping up to 32 instructions forward or backward. 
These instructions may be used to test for various 
conditions of the BPe registers. 

To minimize the time it takes to form the address 
for the next instruction when a skip is executed, a 
dedicated 15-bit full adder is associated with the 
program counter. This adder also decreases instruc­
tion time by forming the next address while execut­
ing the current instruction. 

A stack pointer for subroutine returns is also on the 
BPe. Two other single-bit registers that can be set, 
cleared, and interrogated act as software flags. These 
flags are also set if an arithmetic overflow occurs. 
There are also four external flag inputs that can be 
monitored with software instructions. BPe func­
tional units are shown in Fig. 3. 

Input/Output Chip 
The input/output chip (IOC) acts as the controller 

for all communication via the I/O port and executes 12 
instructions. One of the functions it provides is con-

Power Supplies 

1:nd Grounds 
U.J .. 

CJg~~:~~~iirl 
Cu.tn:z:wQ.CI)CCla;: 

PBO) To Bus 
Control 

r---,:...-..;.""'""' ........ - PBE Circuit 

1/0 Data 
Bus to 

Peripherals 
" "'",/:';, 

IDAO~DA15 

To External 
Memory 

Hybrid Microprocessor, 

Fig. 2. Processor block diagram. The primary chip is the BPC, which executes 59 instructions. 
The 12-instruction IOC controls input and output functions. The EMC executes 15 instructions, 

mostly for mathematical routines. 
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Fig. 3. BPe chip layout. 

trol of two signal lines on the control bus by means of 
software instructions. If any of four particular register 
addresses is specified in a memory reference, these 
two lines go to a particular coded binary state de­
pending upon which register was addressed. The two 
signals remain in the same state until the next instruc­
tion. Another 1/0 control function centers around a 
four-bit peripheral address register that can be ac­
cessed with memory references. All four bits are 
output continuously as select codes on the control 

. bus. This saves external latching and decoding cir­
cuitry in the peripheral interfaces. The select code re­
mains in the peripheral address register until it is al­
tered by a memory write cycle to the peripheral ad­
dress register or by an interrupt. 

All the hardware for two levels of vectored inter­
rupt is on the IOC. It determines if an interrupt is 
valid, and does a parallel poll to determine which 
peripheral has requested the interrupt. It concate­
nates the peripheral address with a 12-bit interrupt 
vector register to form the indirect address of the rou­
tine. The select code of the interrupting peripheral is 
put into the peripheral address register. Because it is 
usually necessary to save the select code that was in 
the peripheral address register before interrupt oc­
curred, the contents of this register are placed on a 
stack whenever interrupt is granted. The original 
select code is returned to the peripheral address regis­
ter at the end of the interrupt service routine. 

Another I/O function is direct memory access 
(DMA). If DMA is requested, the IOC inserts memory 
cycles within the current instruction. Two 16-bit 
counter registers keep track of the number of DMA 
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transfers and the sequencing of the memory address. 
A four-bit DMA peripheral address register holds the 
select code of the DMA operation. i 

In addition to interrupt and DMA operations, 
the IOC can place or withdraw words or bytes se­
quentially into or out of two areas of memory. The 
stack group of instructions provides for addressing 
into two data stacks using two hardware registers, C 
and D, as pointers. The data stacks may be accessed 
either by word or by byte, depending upon the instruc­
tion, and may grow as memory addresses increase or de­
crease, again depending upon the instruction. 

Extended Math Chip 
The extended math chip (EMC) executes 15 in­

structions, mostly for implementing math routines. 
Each of these instructions actually causes several ma­
chine level instructions to be executed. Having these 
special macroinstructions in hardware makes the 
math routines over ten times faster than they would 
be in software. 

There are two types of macroinstructions, differ­
ing in the numerical format on which they operate. 
The first type is designed to be used with any type of 
binary data. Two macroinstructions in this group 
clear or transfer one to sixteen contiguous words of 
memory. A third microinstruction can multiply two 
16-bit two's complement numbers and obtain a 
32-bit product. 

The second type of macroinstruction is designed to 
be used with a three-word (48-bit) binary-coded-deci­
mal (BCD) 12-digit mantissa. The EMC has a four­
digit arithmetic unit capable of performing decimal 
addition and optionally generating the 9's comple­
ments necessary for subtraction operations. The con­
troller in the EMC interacts heavily with memory, but 
is also important for on-chip, multi-step micro­
instructions. In processing floating point, 12-decimal­
digit mantissas, the controller directs the flow of data 
from a decimal accumulator register and memory to 
the arithmetic unit. When adding four-digit words, 
the generated carry goes to the decimal carry register 
where it is added to the next most significant digit 
during the subsequent add. The sum is placed in the 
12-decimal-digit accumulator register. 

Bidirectional Interface Buffers 
The four other integrated circuit chips shown in the 

processor block diagram (Fig. 2) are bidirectional in­
terface buffers (BIBs). These 8-bit bipolar buffers per­
form two main functions. On the MOS side, they 
provide a four-volt logic high level and a high­
impedance load. On the other side they have the low 
impedance necessary to drive the capacitance of the 
instrument's internal bus. The BIBs have two control 
inputs. One determines the direction oftransmission, 
and the other disables all transmission. 



Processor Details 
The seven chips shown in Fig. 1 are on a ceramic 

substrate 7.6 cm long and 3.8 cm wide. Thin-film 
single-layer gold interconnect traces are used. The 
chip signals are directed to these gold traces through 
234 aluminum wires only 38.1 p,m in diameter. The 
traces come off the hybrid via 82 legless electrical 
connections. The aluminum die cast heat sink keeps 
the surface of the LSI chips at less than 70°C in a 55°C 
ambient while dissipating six watts in the processor. 

Dimensions ofthe LSI chips average approximately 
4.7 mm per side. The output drivers on the chips are 
connected to the +5V supply to keep the output level 
clamped below 5 volts. The output circuits on the 
processor chips are capable of switching a 50 pF load 
between 0.5V and 4.5V levels in less than 10 ns. Typi­
cal gate delays within the chips vary from 2 to 20 ns, 
depending upon speed requirements. 

Each processor chip has an internal control array 
approximately equivalent to an 8000-bit ROM. Also, 
on the average, about 6000 MaS transistors, or 2000 
equivalent gates, are contained on each LSI chip. 

The processor operates with square wave, two­
phase non-overlapping clocks at speeds from 1 kHz 
to greater than 10 MHz. These clocks have a mini­
mum high level of 6.5 volts and a maximum low level 
of 2 volts. Signal inputs have high levels above 3 volts 
and low levels below 2.2 volts. Input pads are pro­
tected from static discharges of greater than 3 kilo­
volts. 

The processor uses four power supplies: +12, +7, 
+5, and -5 volts. Many types of circuits are used in 
the processor chips, such as ratio and ratioless logic 
elements, dynamic storage devices, bootstrap cir­
cuits, and static and dynamic array structures. E 

David S. Maitland 
Dave Maitland has been design­
ing calculator circuits for HP 
since 1967, starting with the 
9100A, HP's first calculator. He 
designed the 4K ROM for the 9800 
Ser'les, worked on the 9805A, and 
was project manager for the 
9825A processor. He's authored 
half a dozen patent applications. 
An Illinois product born in Belve­
dere, Dave received a BA de­
gree in liberal arts from Rockford 
College (in Rockford) in 1963, and 
a B.S. degree in electrical en­
gineering from the University of 

Illinois (in Champaign) in 1964. Married six years, he and his 
wife have a son, 2, and live in Loveland, Colorado. Dave's in­
terests are many and varied; they include fishing, hiking, his 
farm and motorcycle, skiing, travel, music and books, photog­
raphy, and the Denver Broncos football team. 
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Processor Tester 
An Application of the 9825A Calculator 

To test the NMOS LSI processor hybrid, a 9825A Calculator is 
used as an environment for the processor under test and a 
second 9825A is used as an analytical controller. The purpose 
of the test is to determine if the device is functional, and if not, 
which chip has failed. 

Executing go/no-go software and taking dc voltage read­
ings are the two parts of the test. The go/no-go software exer­
cises 99% of the transistors and is executed separately for each 
LSI chip. If and only if any of the three LSI chips fails, then the dc 
test is executed. This dc test determines if the bidirectional inter­
face buffers are at fault. These two tests require approximately 
two minutes, 30 seconds of which is the go/no-go software test. 

By tripling the load capacitance and increasing the clock 
rate by 15%, a worst-case test is performed, A much wider range 
of supply voltages is tested than is required by the 9825A de­
sign, Using 35 combinations of voltages and checking each 
point twice can mean that the go/no-go software is executed 
170 times for each of the LSI chips. The output from the tester for 
a good device is a voltage plot of the operating range for each 
LSI chip, All output information is printed on the 9825A's 
built-in printer. 

Other test equipment used in these tests includes two scan­
ners (3495A), two relay actuators (59306A), a multimeter 
(3490A), a counter (5300 System), an ASCII digital clock 
(59309A), and five resistance programmable power supplies 
controlled by a multiprogrammer (6940B). All this equipment is 
on the HP Interface Bus, The scanners are used to multiplex 
either the multimeter or a power supply to anyone of 82 pins 
of the processor for the dc test. The other power supplies be­
come the four processor supplies. Two of these are switched 
separately through a relay actuator to each LSI chip, This allows 
the outputs of any LSI chip to be put in a high-impedance state, 
thus eliminating the possibility of one LSI chip influencing the 
other's test. 

For thoroughness, each device is tested a minimum of three 
times during assembly, The first test is done after bonding the 
processor and indicates if repair is necessary, If the device is 
good, it is encapsulated and tested again, The last test is done 
after high-temperature reverse-bias burn-in, and failures are 
indicated by a change in the operating range. Storing the data 
from the previous test on the internal cassette allows the ana­
lytical controller to look for a change, This data also helps 
determine what chip or bond has failed, 

William D. Eads 
Texan Bill Eads was born in 
Dumas and attended Rice Univer­
sity in Houston, graduating in 
1966 with a BA degree in elec­
trical engineering, He continued 
at Rice for his PhD degree, re­
ceived it in 1970, and joined H P 
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~ 
with computer-aided artwork and 
computer-aided design tech-

. niques, and was project manager 
for two of the NMOS chips in the 
9825A processor. He likes to relax 
by hiking, camping, biking, or 
working in his garden, He's 

married, has two children, and lives in Loveland, Colorado, 



Mid-Range Calculator Delivers More Power 
at Lower Cost 
Its design takes advantage of the latest technology, 
principally a single-chip microprocessor. 

by Douglas M. Clifford, F. Timothy Hickenlooper, and A. Craig Mortensen 

N EAR THE MIDDLE of the spectrum of calcula­
tor users is the user who needs moderate com­

puting power and control capability at a modest 
price. HP's Model 9810A Calculator has met these 
needs for about five years. During that period, signifi­
cant advances in technology have occurred, making it 
possible to provide not only the 9810A's level of per­
formance but also many more features at a much 
lower cost. This is done in the new Model 9815A Cal­
culator (Fig. 1). 

How is it possible to put this kind of power and 
flexibility into a calculator that is about one-third the 
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size of its predecessors and costs about one-half as 
much? A single-chip microprocessor gets most of the 
credit. The microprocessor reduces the hardware 
needed to control the calculator and its internal pe­
ripherals such as the printer and the display. 

Smaller internal peripherals also contribute to the 
new calculator's small size. A major improvement is 
the built-in tape transport system, which uses the 
new 3M DC-l00 mini-cartridge. 96,384 bytes of infor­
mation can be stored on each tape cartridge. The ma­
chine searches for data at 60 inches per second, which 
means that the worst-case access time from the be-

Fig. 1. Model 9815A Calculator 
includes as standard many for­
merly optional features. including 
printer, magnetic tape unit, and 15 
special function keys. The key­
board language is reverse Polish. 
Memory is expandable from 472 
program steps to 2008 program 
steps. 
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ginning of a tape to the end is only 28 seconds. The 
average time to find and read a file is less than nine 
seconds. 

Despite its small size and simple appearance, the 
9815A includes features formerly found only in much 
larger calculators. Instead of the plug-in read-only 
memories (ROMs) often used to expand a calculator's 
language, the standard 9815A Calculator includes all 
of the most popular options of its predecessors. 
Mathematical functions are included, as are 15 user­
definable keys. The thermal printer and display are 
standard. The ability to drive external peripherals can 
be added with the I/O option. This option accepts any 
two of a series of I/O cards that mate with most of the 
existing HP calculator peripherals. 

Reverse Polish Notation 
Like its predecessor the 9810A, the new 9815A Cal­

culator uses reverse Polish notation (RPN). The RPN 
language is more efficient than other computing lan­
guages in terms of the amount of memory needed to 
store a program. Programming efficiency implies re­
duced memory cost, an important consideration for a 
calculator in this class. 

In the 9815A further programming efficiency is rea­
lized by combining several keystrokes into single or 
dual program steps. As the user enters the key se­
quence, the calculator automatically combines logi­
cal sequences of key codes and enters these combined 
instructions into the memory. Fig. 2 shows key en­
tries that are combined into each program step of a 
typical program. 

In most cases, program instructions only take a 
single step. However, certain memory reference in­
structions take two program steps-for example, STO 

R12, store the contents of the display register into reg­
ister number 12; or STO+! R125, add the contents of the 
display register to the register that is poin ted to by the 
contents of register 125 (indirect addressing). Be­
cause of the combining of key entries into program 
statements, the average 9810A program can be writ­
ten in approximately 30% less memory space on a 
9815A. 

02::. 0 L8L 
0 1 

C1 (~:~: ~5 I F ,FG 8 
0,:: I~OT ,) ~1'::6 2 

~J 

'::TO ; PO 1 IJ 
~) .::: , 1 1 
02·:1.~ Tu 
e:::"::: :: FO"::' Fi -'F 
~)~' '9";' '::. ro c F.: 0 1 1 
(129t ;;'1= L E: 
029::: ~'LO T 

Fig. 2. Many keystroke sequences are combined into one or 
two program steps. These are a few examples. 
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Editing 
Editing features such as INSERT, DELETE, and LIST 

allow the user to modify programs and correct mis- , 
takes. The 9815A automatically corrects branching 
statements during editing. 

The program or segments of the' program can be 
listed on the built-in 16-character alphanumeric 
printer. The listing is in easy-to-read mnemonics. The 
STEP and BACK STEP keys allow the user to walk through 
the program either in program mode or in run mode. 

Software Enhancements 
Several advanced programming features were 

added to the 9815A to make it easy to generate a com­
plex program. The FOR-NEXT loop is generally as­
sociated with higher-level languages such as FOR­
TRAN. When impr'emented on a reverse Polish ma­
chine, it adds significantly to the programming 
power of the calculator. The FOR-NEXT instruction 
allows the user to execute the same sequence of pro­
gram steps a predetermined number of times with 
one of the variables incremented through a pro­
grammed range of values. The 9815A allows three 
nested FOR-NEXT loops. 

Eight selectable flags are available to the user. All 
eight flags can be manually set or reset and interrogat­
ed. However, four of the flags have other functions 
which provide special programming aids. Normally, 
if an error condition is detected in a running program, 
the program will stop and the calculator will print out 
the error message. One of the special flags will over­
ride this condition and allow the program to continue 
execution. Instead of stopping the execution, another 
of the special flags is set when an error condition is 
suppressed. This second flag can be interrogated in 
the program and alternate action taken. 

Another special flag can be toggled during program 
execution, allowing the user to modify a program se­
quence during execution. The last special flag is a 
data entry indicator. The flag is set every time a STOP 

statement is encountered. Any manual data entry will 
reset this flag, but if the RUN key is pressed before a 
data entry, the flag will remain set. This can be used to 
terminate a string of data entries in a program. 

Auto Start 
The 9815A Calculator has a new feature called auto 

start. When the calculator control switch is set to the 
auto start position, and the power switch is turned on, 
the calculator automatically rewinds the tape, loads 
the program on file 0, and begins execution of that 
program. 

Another use of auto start is for unattended opera­
tion. Say the calculator program used to control a sys­
tem resides on the tape cartridge and contains an 
initialization routine for the other devices in the sys-



tem. If a power failure should occur, the system will 
automatically power up again and be reinitialized by 
the auto start program on the tape cartridge. This 
provides a nonvolatile memory for the system. 

User-Definable Functions 
Another way that a calculator can be tailored to a 

particular application is by the use of user-definable 
functions. Such a function is a program segment that 
can be called by a single key entry. The 9815A has 15 
keys that can be user-defined. 

Cartridge Tape System 
The tape system of the 9815A Calculator represents 

a significant advance in both capacity and capability 
over magnetic cards. the tape drive was designed 
and developed by Hewlett-Packard's Calculator Pro­
ducts Division, to work with the new 3M DC-I00 
mini-cartridge. It was determined that a level of per­
formance below that of the 9825A Calculator (see 
article, page 2) would be adequate, so the search 
speed was reduced to 60 ips and the read/write 
speed to 10 ips. The recording density was set at 
500 bits per inch. Because of these reduced de­
mands all of the encoding and decoding of the bits 
can be done in firmware. Also, a frequency-lock 
control loop is used for the motor control instead of 
a more costly dc servo (more about this later). 

15 Address Bus 

InstructionlData Bus 

Thin-Film Printer 
To fit the overall objectives of low cost, small size, 

and high performance, it was necessary to develop a 
new printer, one with alphanumeric capability to en­
hance the programming language and provide easy­
to-read program listings. A dot-matrix thermal print­
ing technique is used. The paper advance mechan­
ism, which in previous models had used large expen­
sive stepper motors, has been redesigned. The new 
mechanism relies upon the force of a magnetic field to 
pull a metal armature in toward the poles of the 
magnetic core. The motion ofthe armature is coupled 
to a ratchet mechanism that rotates the paper roller a 
fixed distance with each cycle of the armature. The 
volume of the entire motor is less than 11 in. 3 

The print head is a ceramic substrate on which a 
pattern of thin-film resistors is deposited. Custom bi­
polar driver chips are also mounted on this substrate. 
The dot information for the row to be printed is serial­
ly loaded into the chips, which drive the appropriate 
resistors to heat the thermal paper. The paper is ad­
vanced one position, and the cycle is repeated. For 
the 5 x 7 dot matrix used, it takes seven advances to 
print a line of characters and three more advances be­
tween lines. The printer is controlled by the micro­
processor and the dot information for the various 
characters is stored in ROM. The print speed is 2.8 
lines per second. 

Input Data Bus (01) 

Input Bus (OM) 

Data 
Output 

STM 2 

Data 
Input 

Fig. 3. Model 9B15A Calculator is based on a commercially available B-bit microprocessor. 
Eight read-only memories contain the instructions necessary to implement the calculator's 

functions. 
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Keyboard 
The keyboard was a critical component of the 

9815A design because the case was too shallow for 
the standard key switches. A snap action key switch 
has been used on HP hand-held calculators for many 
years, and it was decided to expand this technology to 
a full-size key panel. 

The springs are fabricated from strips of a copper 
alloy that are preformed into an arch. These strips are 
welded onto a printed circuit board in a bowed posi­
tion. The key depresses this arch until it buckles and 
makes contact with the pad under the spring. To min­
imize cost and tolerance variations from key to key, 
an automatic welder was developed in conjunction 
with an outside vendor. The welder can cut, preform, 
weld, and test a key switch in seven seconds. 

The same key switch design is used in the 9825A 
Calculator. 

Architecture 
Fig. 3 is a block diagram of the 9815A. The system 

can be divided into three blocks, the first being the 
microprocessor and memory. The machine uses a 
commercially available 8-bit microprocessor. The 
processor chip has an 8-bit bidirectional data bus and 
a 16-bit address bus. Only 15 of the 16 addresses are 
used, making it possible to address 32K bytes ofmem­
ory. The memory is divided into a block of random­
access read/write memory (RAM) and a block of ROM. 
In the basic machine there are six RAM chips of lK 
bits each, organized in a 256 x4 configuration. This 
gives 768 bytes of RAM. 296 bytes are used by the 
system for general registers, subroutine return vec­
tors, keyboard buffer, flag conditions, and other exe­
cution variables, and the remaining 472 bytes are 
available for user data registers or program storage. 
The same memory locations can be used for data or for 
program storage. The user can specify the boundary 
that divides the memory according to his current pro­
gram needs. If a routine requires more data registers 
and the execution program is small, the user can swap 
program steps for registers at the rate of eight steps 
per register. A read/write memory option expands the 
calculator memory to 2008 program steps or 251 
registers. 

Eight ROMs contain the microprocessor instruc­
tions needed to execute the calculator's functions. 
These ROMs contain 16K bits each, organized in a 2K 
x 8-bit structure that interfaces easily to the 8-bit data 
bus. The main calculator routines are contained in 
seven ROMs. The eighth ROM can be installed at the 
factory to make it possible to list Katakana and Cyril­
lic characters on the internal printer and on optional 
external line printers. 

The second block of the system is the internal pe­
ripherals, which consist of the 16-digit gas discharge 
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display, the 16-character alphanumeric thermal 
printer, the 63-position keyboard, and the bidirec­
tional tape drive. Control of these devices is the job of • 
an I/O chip that is separate from the microprocessor. 
This interface chip provides a 12-bit I/O bus to the 
peripherals. This same bus also goes'to the I/O option 
to control external peripherals. 

Since the microprocessor can only execute one rou­
tine at a time, only one peripheral can be active at any 
instant. For example, when the tape cartridge is 
searching for a file, the printer and display are dis­
abled. The only exception to this is the keyboard, 
which is scanned by special hardware and can inter­
rupt the processor when it senses a key closure. This 
allows the user to terminate a print cycle or a tape 
search with the STOP key. 

The third block is the optional I/O interface mod­
ule. This module provides twelve output lines and 
eight input lines per channel for controlling external 
peripherals. There are two such channels. The 
module accepts any of six available I/O cards. These 
cards control most of the calculator peripherals plus a 
wide variety of instruments and custom equipment. 
One card is an interface to the HP-IB, HP's imple­
mentation of IEEE standard 488-1975. 

Input/Output 
Interfacing power was an important consideration 

in the development of the 9815A Calculator. Examin­
ing past interfacing needs and present desires, it was 
determined that two I/O slots would fill the interfac­
ing requirements. The internal I/O hardware was tai­
lored to give needed flexibility and transfer rates. 

The internal I/O control hardware consists of 
output data latches, handshake logic, and channel 
select logic (see Fig. 4). An I/O instruction ROM is in­
cluded on each plug-in interface card. This 2K x 8-bit 
ROM customizes the hardware for the device being 
interfaced. Also included on the external interface 
card are output data drivers and an input data latch. 

Interfaces available for the 9815A include special 
interfaces for the 9862A Plotter and the 9871A 
Printer, and four general interfaces: 8-bit I/O, BCD, 
HP-IB, and RS232C. 

The plotter interface has a major new feature, 
digitizing mode, which allows the pen of the plotter 
to be positioned over a point and have the scaled 
coordinates of that point entered into the calculator 
stack for processing. This mode is useful for ap­
proximating areas or line segment lengths from 
published material or photographs. 

The 9871A Printer/Plotter can print or graphically 
plot data in either single or multiple copies. The in­
terface ROM provides convenient instructions to con­
trol the printing and plotting functions of the printer 
from the keyboard or a user program. A jumper on the 
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Fig. 4. An I/O option adds the 
ability to drive external peripherals, 
Two I/O channels are provided; 
each accepts one of six available 
interface cards, 

interface card allows the user to pass parameters in 
either inches or centimetres. 

The 8-bit general I/O interface is a bit-parallel, char­
acter-serial interface to a wide variety of peripheral 
devices, such as readers, punches, printers, and digi­
tizers. One character of buffer storage for both input 
and output data is provided. Normal data instruc­
tions include full formatted output of numeric data 
along with a full ASCII character set. Binary data I/O 
is also provided along with binary data operating in­
structions. Input data is read under free field format 
with the additional feature of having user-definable 
delimiters. The user can define up to three de­
limiters to be used in reading numbers. Logic sense 
can be changed by user instructions. Three dif­
ferent handshake modes are available: one for cor­
porate handshake, one for corporate handshake 
disabled, and a new one called peripheral mode, 
that allows the 9815A to act like another calculator's 
peripheral. A special four-column list command lists 
the user program in a four-column-wide, 50-lines/ 
page format useful for documentation and debugging. 

The RS232C interface is formed by adding hard­
ware to the 8-bit general I/O interface to serialize the 
8-bit parallel output data and form 8-bit parallel data 
from serial input data. Character buffers are provided 
for both input and output data. The serial data is 
RS232C compatible with changeable baud rates (110 
to 3600). selectable data formats, and parity. 

The BCD general-purpose interface is compatible 
with a large number of character-parallel BCD de­
vices. Because of its flexible data formating and man­
ipulating instructions, it is also used for custom inter­
facing. The interface provides 40 parallel data input 
lines and eight parallel data output lines. Both input 
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and output data are buffered. The CTL and FLG lines 
have programmable logic senses and three different 
handshake modes are provided. There are several 
ways to input data from a BCD instrument, depending 
on speed and timing requirements. A software in­
terrupt is provided for taking less than 100 readings 
per second. This allows the calculator to be taking 
a reading and doing other computations at the same 
time. Overload or illegal characters can be checked 
automatically by setting up a masking code for the 
tests through the MASK instruction. If the BCD instru­
ment or device is fast and a block of data needs to be 
read rapidly, there are two commands for reading 
blocks of data at over 2000 nine-digit readings/ 
second. This data goes directly into memory; it can 
then be stored on the data cartridge or translated 
immediately and processed. There are also com­
mands for inputting and outputting 8-bit binary data 
in blocks at rates exceeding 5000 bytes/second. 

The HP-IB interface provides for connecting up to 
14 other instruments or devices in a system configur­
ation for testing, measurement, or other purposes. 
This interface conforms to IEEE standard 488-1975. 
The calculator mayor may not be the system con­
troller; it can pass and receive control. Data may be 
sent or received as strings at speeds exceeding 2000 
bytes/second. Commands for building and manipu­
lating strings are included in the instruction ROM. 
An auto address feature allows the calculator to ad­
dress itself as talker or listener. Peripheral devices 
are assigned select code numbers that are trans­
lated in the ROM to bus addresses for user simplicity. 
When the 9815A is not the system controller, a device 
clear command (DeL) will return the calculator to 
the power-up state, allowing an auto start operation; 



) 

this is useful in remote sites having power-fail/re­
start capabilities or when an external restart com­
mand is available. 

Cartridge Tape Electronics 
The 9815A motor speed control system is con­

figured as a frequency-locked loop (FLL). The FLL is a 
closed-loop electronic servo with a speed-propor­
tional output frequency that is frequency-locked to an 
input reference frequency. A block diagram of the 
servo loop is shown in Fig. 5. 

Division of the crystal-controlled system clock 
creates two frequency references, 62.5 kHz for the 
tape search speed of 64.6 inches per second, and 10.4 
kHz for data transfer at 10.8 inches per second. The 
appropriate reference frequency is gated into the loop 
under microprocessor control. 

Motor capstan motion is translated into frequency 
feedback information by means of a 1000-line optical 
tachometer disc coupled to the motor shaft. 

Servo operation has three distinct modes: accelera­
tion, servo lock, and deceleration. During accelera­
tion, the servo loop is closed but not locked to the 
reference frequency. To avoid excessive stress on the 
tape, motor, and power supplies, the loop gain is re­
duced. Once acceleration is complete, the loop has 
locked to the reference. At this point the bandwidth of 
the loop is increased by increasing the gain of the 
servo system. The high-gain condition is sustained 
until deceleration begins. During deceleration the 
low-gain condition is in effect. The loop is no longer 
closed because it would be impractical to attempt to 

Phototransistor 

+ V ----,'--.: 

1000-Llne Optical 
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lock to 0 Hz. 
In steady state operation long term (~O.l s) speed 

variations are less than ±2%. 
The read/write system uses a dual track, center-· 

tapped magnetic head for data transfer. The general 
block diagram is shown in Fig. 6 .. 

Magnetic recording is accomplished by driving the 
center taps of the dual track head with a current 
source and by alternately grounding the remaining 
two head lines of the appropriate track under micro­
processor control. As the current is allowed to flow 
from one winding to another, the magnetic field 
polarity is reversed and a flux reversal is recorded on 
the moving tape. The current source remains off 
during power-up and power-down sequences and 
when a write command is not in effect. 

During a read operation, the flux distribution on 
the tape induces an output voltage across the head 
windings that is proportional to the time derivative of 
the magnetic flux. The voltage signal appears as a 
train of positive and negative pulses. 

Analog switches gate the selected track to the 
preamplifier inputs. The preamp is configured dif­
ferentially to maximize common-mode rejection. The 
second stage amplifier provides additional gain and 
acts as a low-pass filter to reduce spurious high-fre­
quency interference. To block the dc offset of pre­
vious stages and to attenuate low-frequency noise, 
the read signal is ac-coupled into a band-limited inte­
grator. The integrator also attenuates high-frequency 
noise. 

The integrator output is injected into the compara-

Power-On 
Pulse 

Fig. 5. Cartridge tape speed 
control system is a frequency­
locked loop that uses an optical 
tachometer for sensing motor 
speed. 
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Fig.6. 9815A cartridge tape read/write system. Data decoding is done by firmware. The 9825A 
Calculator has the same write system, but decoding is done by hardware. 

tor stage, which functions as a "relative" zero cross­
ing switch. The rising and falling edges of the com­
parator output are coincident with the voltage peaks 
(flux reversals) from the magnetic head. The fre­
quency doubler translates the peaks to rising edges 
only. Its output is sent to the microprocessor for in­
terpretation and bit reconstruction. 
Power Supply and Packaging 

One of the biggest challenges of the entire project 
was putting all the pieces together in one small box. 
The power dissipation was of concern also as com­
ponents were placed in close proximity inside the 
case. A goal of only 10°C temperature rise inside the 
case was set early in the project and was met. Because 
of these constraints, the power supply needed to be 
more efficient than normal series pass supplies, so a 
switching supply was designed to provide the +5V 
power. 

The noise of the switching supply proved to be a 
formidable problem in the layout of the printed cir­
cuit boards. Much care was spent on shielding critical 
lines and busing the power traces on the boards. A 
star grounding and power busing technique was used 
to keep noisy signals from affecting critical low-level 
signals, such as the signals from the tape system. 

The machine has only three main circuit boards. 
With much effort spent in printed circuit layout, the 
designers were able to keep from using multilayer 
boards and saved a significant amount in the costs of 
these assemblies. 

One board contains the main processor electronics. 
This includes the microprocessor and I/O chips, the 
seven ROMs, and the six RAMs. A number of discrete 
ICs used for chip select and address decoding are also 
included on this board. 

Another board has the electronics for the internal 
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peripherals. The display electronics and the key­
board scanning are done on this assembly. Part of the 
tape system electronics is also here, 

The third board is the power supply board. Includ­
ed with the power supply board are most of the tape 
and printer electronics. A separate power module 
houses the transformer and main power transistors. 

The case is made of injection molded plastic. The 
electronics are packaged as a sandwich and con­
nected to the keyboard panel. The power supply as­
sembly attaches to the base of the case along with the 
printer and tape transport. Because of the imaginative 
use of plastic hinges and interlocking case parts, only 
six screws are needed to hold the case together. The 
calculator weighs only 13 pounds and takes up a little 
more than a square foot of surface area. Ii 

Douglas M. Clifford 
Doug Clifford came to HP in 1968 
and designed microwave spec­
trum analyzers for three years be­
fore joining HP's Calculator Pro­
ducts Division. He was respon­
sible for the HP-46 and HP-81 
Calculators and was project 
manager for the 9815A Calculator. 
He holds several calculator­
related patents. Doug received his 
BSEE degree from Brigham 
Young University in 1968 and his 
MSEE from Stanford University in 
1970, and expects to complete his 
work for the MBA degree at Colo-

rado State University this year. An active participant in his 
church, the Boy Scouts, and the national ski patrol, Doug is 
married, has four children, and likes to ride motorcycles and 
horses and play golf, basketball, and volleyball. He was born in 
Safford, Arizona and now lives in Loveland, Colorado. 



A. Craig Mortensen 

I_ Craig Mortensen received his 
BSEE and MSEE degrees from 
Brigham Young University in 
1972 and 1973, then joined HP to 
work on the 9815A Calculator. 

"k "He's authored two patent applica-
tions as a result of his servo and 
read/write electronics design for 
the 9815A cartridge tape system. 
Craig was born in St. Anthony, 
Idaho, and now lives in Loveland, 
Colorado. He's single, and enjoys 
all outdoor sports and activities, 
especially skiing. He's a student of 
karate and is active in his church. 

F. Timothy Hickenlooper 
Tim Hickenlooper helped design 
the I/O system and mainframe 
firmware of the 9815A Calculator. 
With HP since 1974, when he re­
ceived his BSEE degree from 
Brigham Young University, Tim is 
now a production engineer at 
HP's Calculator Products Division. 
A native of Provo, Utah, he's mar­
ried, has two young children, and 
lives in Loveland, Colorado. 
He's active in his church and as a 
Boy Scout leader, he enjoys 
sports, especially basketball and 

... volleyball, and he likes to work on 
cars and invent electronic devices. 

SPECIFICATIONS 
HP Model 9825A Calculator 

INTERNAL STORAGE (READ/WRITE MEMORY) 
Standard 6,844 bytes 
Opt. 001 15,036 bytes 
Opt. 002 23,228 bytes 
Opt. 003 31,420 bytes 

DYNAMIC RANGE: 1099 to 10-99, O. _10- 99 to _1099 

INTERNAL CALCULATION RANGE: 10511 to 10-511 ,0, _10- 511 to _10511 

SIGNIFICANT DIGITS: all numbers are calculated and stored internally with 
12 significant digits, regardless of the format used. 

ADDRESSING MODES: Conditional and unconditional for absolute, relative, sym· 
bolic, and computed. 

SPECIAL FUNCTION KEYS: 12, shiftable to 24 
TAPE CARTRIDGE 

PRINTER 

Capacity: 
Average Access Time: 
Read/Write Speed: 
Search Speed: 

(bidirectional) 
Transfer Rate: 
Typical Access Rate: 
ReWind Time: 
Typical Erase Time: 
Cartridge Size: 

Verification: 

Paper Width: 
Speed: 
Font: 

250,000 bytes 
6 sec 
559 mm/sec (22 in/sec) 
2.286 mm/sec (90 in/sec) 

2,750 bytes/sec 
14.300 bytes/sec 
19 sec (end to end) 
40 sec (one entire track) 
63.5 mm x 82.5 mm x 
12.7 mm (2.5 in x 3.25 in 
x 0.5 in) 
Automatic on recording 

57.15 mm (2.25 in) 
190 lines/min 
A 5 x 7 dot matrix. Prints all the 
characters shown below in upper and 
lower case. Up to 16 characters/line. 

DISPLAY: the standard 32-character LED display displays all of the following 
characters: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 
abcJer~hijklMno~~rst~vWXyz[]rn_@ 
l112 ::;: 4 '367 ::: '} : ; <: = > ,~, i " #:$: ~.; :~: ' ( ) * + , .- ..... l 

With the String or General 110 ROM, the following characters are available: 

t; 6 p, d. !~! 1:1 0 Ct fE (8 N Pi :~: 0: f.; r S t. 8 ;. \ P :) :: 'r'l rJ 
~~ 2: £ ~ ! -,'<:-l H ::::: 

PERIPHERAL I/O 
CAPACITY: Three general 110 slots 
TRANSFER RATES: Input rate of up to 400k transfers/sec, output rate of up to 

200k transfers/sec depending on the program, ROMs used. and I/O card. 
(A transfer is one 16-bit word or one 8-bit byte.) 

INTERFACE: Dedicated card and cable assemblies for peripherals, plus general 
110 interface cards providing HP·IB, bit·parallel, and BCD formats. HP·IB 
format conforms to IEEE Standard 488-1975. 

ENVIRONMENTAL RANGE 
OPERATING TEMPERATURE: 5'C to 40"C ambient 
STORAGE TEMPERATURE: -40'C to +65'C 
AMBIENT HUMIDITY: <80% 
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SIZE/WEIGHT 
HEIGHT: 129.5 mm (5.1 in) 
WIDTH: 383.5 mm (15.1 in) 
DEPTH: 495.3 mm (t 9.5 in) 
NET WEIGHT: 11.8 kg (26 Ibs) 

POWER REQUIREMENT 

SOURCE: 100/120/220/240V +5%, -10% 
LINE FREQUENCY: 48 to 66 Hz 
POWER CONSUMPTION: 100V/t.7A 

INTERFACES 

Interface Card 
16-bit Duplex 
BCD 
Hp·IB 

ADD-ON ROMs 

120V/1.5A 
220V/.8A 
240V/.75A 

Card Number 
HP 98032A 
HP 98033A 
HP 98034A 

STRING·ADVANCED PROGRAMMING: Single strings and string arrays. String 
size limited by memory SIZe. Seven string functions and one string operator. 
Parameter·passing functions and subroutines with local variables. FOR·NEXT 
statements and cross· reference operator. Split and integer precision number 
storage. 

MATRIX: Performs matrix addition, subtraction, multiplication, transposition, 
and inversion. Performs addition, subtraction, multiplication, division, initiali­
zation and redimensioning on n-dimensional arrays. Prints arrays on the 
strip printer, 

9862A PLOTTER·GENERAL I/O: HP 9862A Plotter statements for scal· 
ing, plotting, labeling, and drawing axes. 

GENERAL 110: Basic 110 capabilities including read/write with format can· 
trol. lists programs on a peripheral. Status testing. Compatible with 
Hp·IB peripherals. 

EXTENDED 110: Complete Hp·IB control. Interrupt commands. Auto start, 
error trapping, and time out. Bit manipulatIon and testing. Code conversion, 
burst read and write, buffered 110, and direct memory access (DMA). 

ORDERING INFORMATION 

OPTION NO. KIT NO. DESCRIPTION 
Standard 6,844 bytes of memory, 32-
HP 9825A character LED display, 16-

character strip printer. 
Opt. 001 15,036 total bytes of memory 
Opt. 002 23,228 total bytes of memory 
Opt. 003" 31,420 total bytes of memory 

98221F Field installed 8,192 bytes of 
memory 

98222F Field installed 16,384 bytes 
of memory 

Plug·ln ROMs 9821 OAt String-Advanced Programming 
98211A Matrix 
98212A 9862A Plotter-General 110 
98213At General IIO-Extended 110 
98214At 9862A Plotter-General liO-

Extended 110 

'Will not operate with ROMs 98210A, 98213A, and 98214A. 
tWill not operate with 31,420 bytes memory. 
PRICE IN U.S.A.: 9825A Base Pnce, $5900. 



HP Model 9871A Printer 
SPEED 

Average text line of 10 characters/in: 30 charactersisec. Best case of 10 
characters/in, no rotation: 32 characters/sec. Worst case of 10 characters/in, 
180" rotation: 14 characters/sec. 

Carrier return or tab, full length: 325 msec. 
Line feee, 0.167 in. (4,23 mm): 50 msec. 

PAPER 
Single sheet or continuous feed. Form feed mechanism recommended for 

continuous feed. 
Single part or multi-part, 2 to 6 parts. 
15 in (381 mm) maximum width. 

DIMENSIONS 
HEIGHT: 19 mm (7.75 in.) 
WIDTH: 565 mm (22.25 in.) 
DEPTH: 387 mm (15.25 in.) 
WEIGHT: 18.4 kg (40.5 Ibs) 
SHIPPING WEIGHT: 24.5 kg (54 Ibs) 

POWER REQUIRED 
SOURCE: 100/120/220/240V +5%, -10% 
FREQUENCY: 48-66 Hz 
CONSUMPTION: 200VA maximum (printing) 

60VA (nonprinting) 
ENVIRONMENTAL RANGE 

TEMPERATURE: 0" to 45"C 
HUMIDITY: 5% to 95% RH (noncondensing) 

OPERATING CONTROLS 
Power on-off switch 
Self-test, pushbutton switch 
9-position print intensity adjustment 
Safety interlock (stops printing when access cover is removed) 

BUFFER 

158 characters-automatically fills if characters are received faster than print 
rate. Status line indicates when 16 characters are left in buffer. The buffer may 
also be used for storing tab information and user defined characters. 

EXTERNALLY PROGRAMMABLE FUNCTIONS 

96 printing characters, self test, horizontal tabs, vertical tabs, dot and line plotting, 
character and line spacing, bell. 

ORDERING INFORMATION 
One of the following interface options is required: 

Opt. 010 for use with the HP 9810A-Opt. 010 requires eilher the HP 11252A 
or HP 11264A Peripheral Control ROM's or HP 11262A Peripheral/Cassette 
ROM or HP 11266A Peripheral/Printer Alpha ROM. 

Opt. 020 for use with the HP 9820A. 
Opt. 021 for use with the HP 9821A-Opt. 020 and 021 require either the 

HP 11220A or the HP 11224A Peripheral Control ROMs. The HP 11221A 
Math ROM is required for plotting and form filling. 

Opt. 030 for use with the HP 9830A. 
Opt. 015 for use with the HP 9815A. 
Opt. 800-European Print Disc. 
Opt. 801-ASCII Print Disc. 

PRICE IN U.S.A.:9871 A, $3400. 

Hewlett-Packard Company, 1501 Page Mill 
Road, Palo Alto, California 94304 

HP Model 9815A Calculator 
STORAGE 

DYNAMIC RANGE: 1099 to 10-99, 0, _10-99 to _1099 

R/W MEMORY: 472 program steps, 10 data registers" 
OPT. 001: 2008 total program steps, 10 data registers" 
"May be allocated by user into any combination of program steps and data 

registers 
DATA CARTRIDGE: 96,364 bytes (8 steps = 1 register, 1 step = one 8-bit 

byte). 12,048 registers 
SEARCH SPEED: 1524 mm/sec (60 in/sec) bidirectional 
R/W SPEED: 254 mm/sec (10 in/sec) 
TAPE LENGTH: 42.67 m (140 ft) 
FILE SIZE: 80 bytes to 2008 bytes, programmable 
DIMENSIONS: 63.5 x 82.5 x 12.7 mm (2.5 x 3.25 x 0.5 in) 

THERMAL PRINTER 
PAPER: 55 mm (2.25) in wide 
PRINT: 5 x 7 dot matrix, 16-character line 
NO. OF DIGITS: 10 digits maximum, plus sign and signed 2-digit exponent. Print 

format user selectable. 
AVAILABLE ALPHA: 

A8CDEFGHIJKLMNOPQRSTUVWXYZ 
0123456789 COAR£~~~ 

DISPLA Y <:::;,. ~ : + - * ."" = ;.; # ,) $ I~ I :).: ':': ~ .;. .,. 11 ·t· <: :::-

TYPE: 7 -segment gas discharge 
SIZE: 16 numeric characters; 10 digits maximum with a signed 2-digit exponent. 
NOTATION: Fixed, scientific, scientific 3 

ENVIRONMENTAL RANGE 
TEMPERATURE: 5"C to 40"C ambient 
HUMIDITY: 80% 

SIZE/WEIGHT 
HEIGHT: 101,6 mm (4 in) 
WIDTH: 345,4 mm (13.6 in) 
DEPTH: 342,9 mm (13.5 in) 
WEIGHT: 5,9 kg (13 Ib) 
SHIPPING WEIGHT: 11,8 kg (26 Ib) 

POWER REQUIREMENT 
SOURCE: 1001120/200/240V +5%, -10% 
FREQUENCY: 48 to 66 Hz 
CONSUMPTION: 100V/850mA 

120V/725mA 
220V/400mA 
240V/350mA 

ORDERING INFORMATION 
STANDARD-HP 9815 with 472 program steps, 10 data registers 

OPT. 001: 2008 total program steps 
OPT. 002: 2 1/0 channels 

PRICE IN U.S.A.: 9815A Base Price, $2900. 

MANUFACTURING DIVISION: CALCULATOR PRODUCTS DIVISION 
P.O. Box 301 
815 Fourteenth Street, S.w. 
Loveland, Colorado 80537 U.S.A. 
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