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Third Generation Programmable 
Calculator Has Computer-Like 
Capabilities 
A new programming language,  HPL,  he lps  the  user  app ly  
the  many  techno log ica l  advances  in  th is  persona l  
comput ing  mach ine  to  a  w ide  va r ie ty  o f  computa t ion  and  
cont ro l  prob lems.  

by Donald  E .  Morr is ,  Chr is  J .  Chr is topher ,  Geof f rey  W.  Chance,  
and  D ick  B .  Barney  

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

v i o u s l y  f o u n d  o n l y  o n  m i n i c o m p u t e r s ,  t h e  n e w  
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 .  I t  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 (Â±10511 to Â±10~511). Some of 
these are standard features and others are available in 
optional plug-in read-only memories (ROMs). 

The  9825A uses  a  h igh- 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, 
l imited 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 specia l  funct ion keys  
tha t ,  combined wi th  the  sh i f t  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. 

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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F i g .  1 .  M o d e l  9 8 2 5 A  C a l c u l a t o r  
can be used as a stand-alone pro 
grammable ca lcu la tor  or  as a  sys 
tem control ler.  Major new features 
include two-level prior i ty interrupt, 
d i r e c t  m e m o r y  a c c e s s ,  l i v e  k e y  
b o a r d ,  m u l t i d i m e n s i o n a l  a r r a y s ,  
h igh-per formance tape dr ive  w i th  
a u t o m a t i c  m e m o r y  r e c o r d  a n d  
l o a d  c a p a b i l i t y ,  a n d  e x t e n d e d  
i n t e r n a l  c a l c u l a t i o n  r a n g e .  T h e  
keyboard  layou t  i s  based  on  tha t  
o f  a  s tandard  t ypewr i te r  w i th  the  
addi t ion of  a  number  pad,  system 
c o m m a n d  a n d  e d i t i n g  k e y s ,  a n d  
twe l ve  use r -de f i nab le  keys .  The  
p r o g r a m m i n g  l a n g u a g e  i s  c a l l e d  
HPL. 

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 

memory load and record operations. In the event 
of a power failure, this feature, coupled with the 
autostart 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 PL/I. 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 
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roots of a quadratic equation by computing the value 
of (-BÂ±V(BB-4AC))/2A. 

0: enp "value of A", A, "value of B", B, "value of C", C 
1: if 4AOBB;gto "imag" 
2: prt "real roots"; spc 1 
3: prt (-B + V(BB-4AC))/2A;spc 1 
4 :  p r t  ( -B-V(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:  pr t  -B/2A,-V(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 
entheses and "*" multiplication 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[0:N] reserves memory space for N + l 
numeric elements. The first element of the array is 
A[0] and the last is A[N]. 

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

dim A[0: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 
(3x3) array. Array K is a three-dimensional array. 
The size of the first dimension is 2X-(3+L) + l. 
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 

functions. 
0: dim A$[80] 
1: "BOB " &"JONES"-Â»A$ 
2: A$&" 2100 McKinley Ave."-Â»A$ 
3 :  d s p  A $  5 0 0  
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$[10] 
1: "AB"-Â»A$ 
2 :  i f  A $ < " A B C "  " A B < A B C "  
3 :  i f  " A C " > A $  " A O A B "  
4:  end 

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

AB<ABC 
AOAB 

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 1=0 to 90 by 10 
1 :  d s p  I , s i n ( I )  1 0 0 0  
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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982 5 A Product Design 

The product design of the 9825A Calculator was based on the 
bel ief that a product, l ike an organism, interacts with i ts environ 
men t ,  imposes  demands ,  and  c rea tes  re la t i onsh ips  be tween  
i tse l f  and a l l  who come in  contact  wi th  i t  dur ing i ts  odyssey of  
d e v e l o p m e n t ,  p r o d u c t i o n ,  t e s t i n g ,  s h i p m e n t ,  a n d  u l t i m a t e  
ma tu r i t y  i n  t he  f i e l d .  Requ i remen ts  tha t  cons i s ten t l y  appear  
a re  sma l l  s i ze ,  l i gh t  we igh t ,  and  ruggedness .  I t  i s  a l so  des i r  
a b l e  t h a t  t h e  i n t e r n a l  p a r t s  b e  s e n s i b l y  a r r a n g e d  a n d  t h a t  
subassembl ies be easi ly accessible for  assembly and service.  

These needs led to the f i rs t  major  concept  in  the product  de 
sign, that the mechanical  e lements must provide a maximum of 
f unc t i ons  w i th  m in imum s t ruc tu re  and  we igh t .  T rad i t i ona l  no  
t ions  o f  sheet  meta l  card  cages  mounted  in  an  ex te rna l  she l l  
were rejected because of tolerance, size, and weight problems. 
A f t e r  c o n s i d e r i n g  m a n y  m a n u f a c t u r i n g  m e t h o d s ,  s t r u c t u r a l  
foam molding appeared to best solve the problems of providing 
a combinat ion of  external  shel l  wi th deta i led in ternal  s t ructure 
for  mount ing and locat ing the var ious subassembl ies .  

The st ructura l  foam case,  however ,  d id  not  prov ide RF in ter  
ference sh ie ld ing that  prev ious meta l  cases had prov ided and 
was determined to be necessary. To meet the RFI requirements, 
a  conduc t i ve  coa t ing  i s  app l ied  to  the  ins ide  o f  the  case  and 
c o n n e c t e d  t o  c a l c u l a t o r  g r o u n d .  T w o  t e c h n i q u e s  a r e  u s e d ,  
f lame spraying a luminum and paint ing wi th a s i lver  col lo id con 
duct ive  pa in t ,  both  o f  wh ich have proved to  be sat is fac tory .  

Four case parts are foam molded; two of  them, the base and 
the  keyboard  hous ing ,  a re  the  two major  subassembl ies .  The 
printed circuit boards are stacked horizontal ly in the base with a 
new HP-designed pr in ted c i rcu i t  board s tack ing h inge and are 
in te rconnec ted  w i th  f l a t  cab le  a long  the  h inged  edge ,  e l im in  
a t ing  the  need for  a  mother  board  (see F ig .  1 ) .  The f la t  cab le  
also al lows physical separat ion of the two major subassemblies 
whi le  leav ing them connected e lect r ica l ly .  

The pr in ted  c i rcu i t  boards  in  the  s tack  have two o f  the  new 
h inges  a t tached  to  one  s ide .  These  p rov ide  a  r ig id  mount ing  
when closed, but also al low random access to any of the boards 
by h ing ing them up ind iv idual ly  or  together  (F ig .  2) .  Access to  
both sides of a board or to many boards at once is possible. The 
hinges sl ide apart  for  easy board exchange without tools.  Thus 
the calculator can be completely opened and continue running. 

The ent i re  package is  des igned to be assembled and tested 

F ig .  1 .  9825 /4  Ca lcu la to r  i s  f u l l y  ope ra t i ona l  when  opened  
f o r  se rv i c i ng .  P r i n ted  c i r cu i t  boa rds  a re  h i nged  t o  p rov ide  
access  to  bo th  s ides .  P lug - in  ROMs a t  f ron t  and  s ide  were  
pul led hal fway out  for  th is  photo.  

Printed Circuit 
Board Stack 

Hinges (Sl ide 
Apart for 

Board Removal )  

Connector 

Cable 

Support  

Fig.  2 .  Pr in ted c i rcu i t  board s tack ing h inge deta i l .  
r ight side up. Hence there are no more knee and back exercises 
requ i red  t o  r emove  o r  i ns ta l l  access  sc rews .  Two  sc rews  re  
moved  f r om the  rea r  f r ee  t he  t op  she l l ,  wh i ch  i s  i n te r l ocked  
t o  c a u s e  p o w e r  d i s c o n n e c t  i n  c a s e  o f  i n a d v e r t e n t  o p e n i n g .  
Loosening (but not removal) of two screws in the base allows the 
keyboa rd  hous ing  t o  s l i de  f o rwa rd  and  be  se t  as i de .  A t  t ha t  
p o i n t ,  a n y  o f  t h e  s e c o n d a r y  s u b a s s e m b l i e s  ( p r i n t e d  c i r c u i t  
boa rds ,  p r i n te r ,  keyboa rd ,  and  so  on )  a re  access ib le  immed  
ia te ly  and independent ly .  

One of the subassembl ies in the keyboard housing is the key 
b o a r d ,  w h i c h  w a s  d e v e l o p e d  s p e c i f i c a l l y  f o r  t h e  9 8 2 5 A  a n d  
9 8 1  5 A  a c  T h e  g o a l s  w e r e  t o  p r o v i d e  a  p o s i t i v e  k e y  a c  
tion, the keep the front profile of the machine low, and to lower the 
cos t  over  p rev ious ly  used swi tches .  The "buck l ing  s t r ip "  tech  
no logy  o r ig ina l l y  used  in  HP hand-he ld  ca lcu la to rs  was  mod i  
f ied to sui t  a larger keyboard,  pr imar i ly  by increasing key spac 
i n g  a n d  k e y  c a p  t r a v e l .  T h i s  n e w  k e y b o a r d  i s  o n l y  0 . 7 9  c m  
thick, saving about 1 600 cm3 and about half the cost per switch 
of  prev ious 9800-Ser ies keyboards.  

The f i rs t  s tep o f  the  keyboard manufac tur ing  process is  the  
p repara t i on  o f  t he  p r in ted  c i r cu i t  boa rd  tha t  ca r r i es  the  key -  
switch scan matr ix and the pads for the individual switches. The 
surface of the board is plated with bright alloy that gives corrosion 
p roo f ing  and  the  we ldab le  su r face  needed  fo r  the  nex t  s tep .  
Then a beryl l ium-copper str ip plated with br ight al loy is cut into 
0 . 4 x l . 6 5 - c m  p i e c e s ,  w h i c h  a r e  e l e c t r i c a l l y  w e l d e d  t o  t h e  
pr in ted c i rcu i t  board in  such a way as to  g ive an arch 0.06 cm 
high. The buckling of this arch gives tacti le feedback to the user. 
This keyswitch board is then securely staked to a plast ic insert  
tha t  conta ins  the  keycaps.  Each keycap is  h inged and has an 
actuator  that  depresses the arch beneath i t .  

The operat ing system ROM is housed in a separate package 
t h a t  i s  a c c e s s i b l e  f r o m  t h e  o u t s i d e .  T h i s  a l l o w s  t e s t i n g  i n  
dependen t l y  o f  t he  ma in f rame  f i na l  assemb ly  and  ve ry  easy  
f i e l d  r ep l ace r r r en t .  C r i t i ca l  i n t e rna l  componen t s  a re  p l aced  
directly in front of the fan to achieve more than adequate cooling 
i n  sp i t e  o f  a  h i gh  t o ta l  hea t  d i ss i pa t i on  i ns i de  t he  package .  
I n t e r n a l  m o u n t i n g  b o s s e s ,  r e f e r e n c e  s u r f a c e s ,  a n d  g u i d i n g  
grooves are molded into the structural parts to provide accurate 
locat ion of  the subassembl ies wi th a minimum of hardware and 
labor.  As a result ,  such elements as the display, tape transport,  
and pr in ter  are automat ica l ly  located once they are insta l led.  
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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. 

Interact iveness:  L ive 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 
982 5 A 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 0 to 5, approximates the value of TT ac 
cording to the series, l + l/32 + l/52 + l/72 + ...= 7r2/8. 
The second, lines 6 to 9, evaluates the factorial of an 
integer. 

0: "TT APPROXIMATION": 
1: 1-Â»A-Â»B;0->C-Â»N 
2: "L":B + 2-Â»B 
3: 1/BB+A-Â»A;V'(8A)-Â»P 
4: C + l-Â»C;ifN#0;gsb"FACT" 
5: gto "L" 
6: 
7: "FACTORIAL EVALUATION": 
8: "FACT":lâ€”X;for 1 = 1 to N 
9 :  X I - Â » X ; n e x t  I  X  

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 TT, the user can enter n-Â»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 

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 982 5A ac 
complishes this very simply as shown by the follow 
ing program. 

0: dim A[10] 
1 :  f o r  1 = 1  t o  1 0  A [ l ]  I  
2: end 

The first time the "ent" statement is executed, the dis 
play will show the prompt "A[l]7". The following 
prompts will  be "A[2]?". . ."A[10]?".  Thus the 
array element I or an equivalent expression is evaluat 
ed and the numeric result is presented to the user 
along with 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. 

Edit ing 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 982 5 A 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  Car t r idge  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 read/ 
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 

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 jobs. 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 'sura.diff'(A,B,C,D) 
2: prt C,D 
3: prt 3 + 'sum'(A,B);stp 
4: "sum,diff":pl+p2-Â»p3;pl-p2-Â»p4 
5: ret 
6: "sum":AA-Â»p3;BB-Â»p4 
7: retV(p3+p4) 
The values of the 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. 
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I /O Bus 

System 
Read/Wri te  

Memory  

F i g .  2 .  9 8 2 5  A  h a r d w a r e  o r g a n i z a t i o n .  T h e  p r o c e s s o r  a n d  
ROMs are  HP-deve loped  NMOS LSI  c i rcu i t s .  

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 ( + , â€” , *, -r) are per 
formed on corresponding elements of identical-size 
arrays. 

Hardware  Organiza t ion  and Memory  St ructure  
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 

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 RO. 

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 off by 
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 RIO. 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 of the 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 I/O 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 9821 A 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 of the 9825A, and a ROM containing 
interface instructions is plugged into one of the I/O 
slots on the front of the calculator. 

Flexible interface hardware includes a IB-bit 
duplex interface card with interrupt and DMA capa 
bilities, a binary-coded-decimal (BCD) interface 

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 I/O 
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 982 5 A 
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- 
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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  In ter face 
The 98033A BCD Input Interface provides the inter 

facing hardware necessary to interface the 982 5A 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. 
I E E E  4 8 8 - 1 9 7 5  9 8 0 3 4 A  C a p a b i l i t i e s  
Interface Function 

Source Handshake (SHI) Complete Capability 
Acceptor Handshake (AHl) Complete Capability 
T a l k e r  ( T 5 )  B a s i c  T a l k e r  

Serial Poll 
Talk Only Mode 
Unaddress if my listen 

address (MLA) 
L i s t e n e r  ( L 3 )  B a s i c  L i s t e n e r  

Listen Only Mode 

C a l c u l a t o r  
I /O  Bus  

Data 
L i n e s  

C o n t r o l  
L ines  

C a l c u l a t o r  
I O  

R e g i s t e r s  

C a l c u l a t o r  
I n te r face  

a n d  
In te r rup t  

L o g i c  
â€¢â€¢â€¢ 

Calculator 
C o m m a n d  
Register 

HP-IB Interface 

Bus 
Address 
Switch 

Data Input 
Multiplexer 

Processor 
and  ROM 

Bus 
Transceivers 

Bus 
Transceivers 

Interrupt 
Logic 

HP-IB 

Data Bus 
D I O l -  
0 1 0 8  

Data  By te  
T rans fe r  

C o n t r o l  B u s  
DAV 
NRFD 
NDAC 

Genera l  
In ter face 

M a n a g e m e n t  
Bus  
IFC 
a n  
S R Q  

Fig.  3.  funct ions Inter face,  used wi th the Extended I /O ROM, implements most  of  the funct ions 
de f i ned  i n  IEEE s tanda rd  488 -1975  Some HP- IB  func t i ons  a re  a l so  p rov ided  i n  t he  Genera l  

I /O ROM. Binary  and BCD in ter faces are a lso ava i lab le .  
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Service Request (SRI) 
Parallel Poll (PP2) 

Device Clear (DCl) 
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 (SRQJ 
Send Interface Message 
Receive Control 
Pass Control 
Parallel Poll 
Take Control 

Synchronously 
The HP Interface Bus can also be controlled by the 

982 5A when it is equipped with the 98034A HP-IB 
Interface and the General/I/O 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 982 5 A 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. 

In ter face 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 

HP-IB Device Number  

9825A 
Calculator 

red 702,  A â€¢/  wrt  703,  A 

red 3,  A 

16-Bit Duplex 
Interface 

Fig.  4.  HP-IB instruct ion set  e l iminates the need for  the user 
to  have  de ta i led  knowledge o f  the  s t ruc tu re  o f  the  HP in te r  
face bus.  Instruct ions for  reading f rom and wr i t ing to devices 
on the HP-IB are similar in form to other read/write instructions. 
Bus  p ro toco l  i s  hand led  au tomat ica l l y  and  is  t ransparen t  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 
982 5A calculator. Three are connected to the HP-IB 
interface and one is connected to the 16-bit duplex in 
terface. Each of the 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 
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used in conjunction with a read or write statement. 

Plotter  ROM 
The 9862A Plotter ROM supplies high-level in 

structions to the 9825A for controlling the HP 9862A 
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 
manipulations. 

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 982 5A 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 982 5A 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 

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: dev "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 9825A. 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 8 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 
508. 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 

- ,  H i g h - L e v e l  
I n t e r r u p t  

F i g .  5 .  T h e  e x t e n d e d  I / O  R O M  
a d d s  h i g h - l e v e l  i n s t r u c t i o n s  
f o r  c o n t r o l  o f  t h e  9 8 2 5 A ' s  t w o  
leve ls  o f  i n te r rup t .  Th is  examp le  
shows  how con t ro l  i s  t rans fe r red  
du r i ng  the  se rv i c i ng  o f  l ow- leve l  
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 I /O 
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 
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 cartr idge tape uni t  in the 9825A Calculator has a careful  

m ix tu re  o f  mechan ica l ,  e lec t ron ic ,  and so f tware  fea tures  tha t  
combine to give the user high performance and at the same time 
improve rel iabi l i ty and ease of use. I ts operat ing characterist ics 
are: 

Capac i ty :  250,000 by tes  
Ave rage  Access  T ime :  6  seconds  
Read/Wr i te  Speed:  559 mm/s (22 in /s)  
Search Speed (b id i rect iona l ) :  2286 mm/s (90 in /s)  
Typica l  Transfer  Rate:  2750 bytes/s  
Typ ica l  Access  Rate :  14300 by tes /s  
Rewind T ime:  19 s  (one ent i re  t rack)  
Ver i f icat ion:  Automat ic  on record ing 

The  t ape  ca r t r i dge  i s  t he  same  m in i  da ta  ca r t r i dge  t ha t  i s  
used in the 2644A Terminal1 and the 981 5A Calculator .  I t  mea 
su res  on ly  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 wi th a del ta d istance technique.  A short  
d is tance ( t ime)  between magnet ic  f lux  t rans i t ions  on the tape 
represents a data zero,  and a long d is tance represents a one.  
During each interval  between transi t ions a capacitor is charged 
by a constant current, so at the end of the interval the capacitor 
vol tage is proport ional  to the t ime between transi t ions. This vol  
tage is compared with a threshold vol tage to determine whether 
the  da ta  b i t  i s  a  ze ro  o r  a  one .  The  th resho ld  vo l tage  i s  a l so  
stored on a capacitor and is updated sl ightly after any transit ion 
interval that is shorter or longer than expected. Thus the threshold 
tracks low-frequency variat ions in the transit ion intervals. Track 
ing  makes  i t  poss ib le  fo r  the  ra t io  o f  a  one  in te rva l  to  a  ze ro  
interval  to be smal ler  than i t  would have to be otherwise,  there 
by  increas ing  car t r idge capac i ty .  

At  nominal  read/wr i te tape speeds the fo l lowing t ransi t ion in 
tervals are typical .  

O's 
1's 
threshold 
par t i t ion gaps 
f i le  gaps 

28.4Ms 
49.7/xs 
38.3/ns 
550 / is 
4 5 m s  

e n d  o f  v a l i d  d a t a  g a p  =  3 0 0 m s  

The partit ion gap is used within f i les so that if an error occurs, 
only file. small portion of data will be lost instead of the entire file. 
Part i t ions are otherwise invis ib le to the calculator  user 

Tape System Des ign  
T a p e  s p e e d  i n  t h e  9 8 2 5 A  t a p e  t r a n s p o r t  i s  s e n s e d  b y  a  

1000- l ine opt ica l  tachometer .  Th is  h igh-reso lu t ion tachometer  
makes  poss ib le  p rec ise  con t ro l  o f  acce le ra t ion  and  dece le ra  
t ion, helping to minimize f i le gap length and maximize capacity. 

Pu lses f rom the tachometer  t r igger  a  monostab le  mul t iv ibra  
tor  (one-shot) .  Low-pass f i l ter ing the one-shot output produces 
a vol tage proport ional  to speed. This s ignal  is  compared with a 
forc ing funct ion that  is  propor t iona l  to  the des i red speed,  and 
the difference signal drives the motor by way of an amplif ier that 
compensates for  the mechanical  pole of  the motor.  The overal l  
servo sys tem bandwidth  is  200 Hz.  

Speed changes occur at  a constant  accelerat ion or  decelera 
t i on  p roduced  by  chang ing  the  fo r c ing  func t i on  l i nea r l y  w i t h  
time. 

The output  o f  the  magnet ic  head is  propor t iona l  to  the  t ime 
der iva t i ve  o f  magnet i c  f l ux ,  so  the  f lux  reversa ls  on  the  tape  
are co inc ident  wi th  peaks in  the head output  waveform. These 
peaks  a re  de tec ted  by  d i f fe ren t ia t ing  the  s igna l  and  sens ing  
z e r o  o n l y  T h e  h e a d  s i g n a l  i s  a l s o  l e v e l  d e t e c t e d ,  a n d  o n l y  
peaks that  exceed a threshold are passed on.  Th is  e l iminates 
prob lems wi th  no ise  dur ing  gap reg ions  on the  tape.  

The thresho ld  c i rcu i t  per forms an impor tant  funct ion dur ing 
a u t o m a t i c  v e r i f i c a t i o n  a f t e r  r e c o r d i n g .  D u r i n g  n o r m a l  r e a d  
opera t ions  the  th resho ld  i s  se t  a t  10% o f  the  nomina l  ou tpu t  
p u l s e  i s  A f t e r  a  r e c o r d  o p e r a t i o n  t h e  n e w  i n f o r m a t i o n  i s  
"read and compared with memory with the threshold set at  45% 
of  nomina l  ampl i tude.  Th is  assures  not  on ly  da ta  va l id i ty ,  bu t  
a l so  tha t  the  reco rd ing  i s  no t  marg ina l  i n  amp l i tude  o r  pu lse  
quality. 

The output of the read electronics is fed to the decoder, which 
recons t ruc t s  b i na ry  da ta  f r om the  t imes  be tween  f l ux  t r ans i  
t ions,  as  descr ibed above.  

The wri te system of the 9825A Calculator is the same as that 
of  the 981 5A (see art ic le,  page 24).  

Reference 
1  R  G  N o r d m a n .  R  L  S m i t h ,  a n d  L A  W i t k m .  " N e w  C R T  T e r m i n a l  H a s  M a g n e t i c  
Tape  S to rage  fo r  Expanded  Capab i l i t y .  Hewle t t -Packard  Journa l ,  May  1976 .  
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9825A Calculator  
16-Bit Duplex 

Interface 

F ig .  6 .  Bu f fe red  I /O  p rov ides  so f tware  bu f fe rs  fo r  i npu t  and  
output  data  t ransfer  in  DMA,  in ter rupt ,  o r  burs t  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 
data buffer and instructs it to begin the transfer to the 
slow device. The data transfer between buffer and pe 
ripheral is then transparent to the main program, ffi 

G e o f f r e y  W .  C h a n c e  
G e o f f  C h a n c e  w a s  p r o j e c t  m a n a  
ger  for  the 9825A I /O System.  
Geof f  jo ined HP in  1965.  He was 
the  p ro jec t  manager  fo r  the  mem 
ory and power supply of the 981 OA 
Calcu la tor ,  and served as  pro-  

â € ¢  , Â »  â € ¢  d u c t i o n  e n g i n e e r i n g  m a n a g e r  
â € ¢  Y  a f t e r  t h e  9 8 1  O A  w a s  t r a n s f e r r e d  
^ i  â € ¢ Â »  ^  t o  p r o d u c t i o n .  H e  h o l d s  B S E E  a n d  

^ ^  M S E E  d e g r e e s  f r o m  M o n t a n a  
State Univers i ty,  received in 1963 
and 1965,  respect ive ly .  Geof f  is  
a native of Montana. He's married, 
the father  of  two smal l  g i r ls ,  and 
an ac t ive  Toastmaster .  He en joys  

backpack ing ,  woodca rv ing ,  and  handba l l .  

Donald E.  Morr is  
â € ¢  ^  S e r v i n g  a s  o v e r a l l  p r o j e c t  m a n a -  

^ ^  ^  g e r ,  D o n  M o r r i s  l a u n c h e d  t h e  
^ " f P S  9 8 2 5 A  p r o j e c t ,  t h e n  c o n t i n u e d  i n  
â€¢â€¢  *v  â€ž -  â€¢  tha t  capac i t y  fo r  the  hardware  

'  ^ .  j  d e s i g n  w h e n  t h e  s o f t w a r e  b e c a m e  
a separate project .  With HP since 

v B Ã ¡  1 9 7 0 ,  h e  h a d  p r e v i o u s l y  w o r k e d  
on  the  9805A and  46A Ca lcu la -  

,  t o r s .  B o r n  i n  D a l l a s ,  T e x a s ,  D o n  
- * ^ ^  a t t e n d e d  t h e  U n i v e r s i t y  o f  N e w  

^  Mex i co ,  g radua t i ng  i n  1967  w i th  a  
^ j ^ k j  B S E E  d e g r e e .  F r o m  O k l a h o m a  

^ ~ * " ^ _ . J t f  '  *  S t a t e  U n i v e r s i t y ,  h e  r e c e i v e d  
MSEE and PhD degrees  in  1968 
and 1970.  He 's  marr ied ,  has  two 

sons,  and l ives in Loveland, Colorado. Don owns and f l ies his 
own airp lane and devotes a s igni f icant  port ion of  h is f ree t ime 
to teaching mathematics and programming at a local vocational 
educat ion center .  

Dick B.  Barney 
With  HP s ince 1969,  D ick  Barney 
has  served as  deve lopment  
eng ineer  fo r  9800-Ser ies  Ca lcu  
la tors and the 9866A Pr inter ,  as 
product  manager  fo r  the  9800 
Ser ies in ter face cards,  and as 
pro ject  leader  for  the 9825A's  
in ter face cards.  Born in  Helena,  
Montana,  he served in  the U.S.  
Navy for  three years,  then en-  
rol led at Montana State Universi ty 
and received his BSEE and MSEE 
degrees  in  1965 and 1969.  He 's  
a  member  o f  IEEE.  Now l iv ing in  
Love land ,  Co lo rado ,  D ick  i s  mar  

r ied, has three chi ldren, and is an act ive member of Toastmas- 
te rs  In ternat iona l .  He a lso  en joys  read ing,  f i sh ing  and back  
pack ing in  the  mounta ins  o f  Co lorado and Montana.  

C h r i s  J .  C h r i s t o p h e r  
Chr is  Chr is topher  was pro jec t  
manager  fo r  t he  9825A 's  l an  
guage,  HPL.  A nat ive  o f  Greece,  
he came to the U.S.A. in 1961 and 
rece ived h is  BSEE and MSEE de 
grees f rom Colorado State Uni -  

_  v e r s i t y  i n  1 9 6 8  a n d  1 9 7 4 .  J o i n i n g  
| W T  -  H P  i n  1 9 6 8 ,  h e  w o r k e d  o n  c o m  

puter ized tes t ing  and product ion  
,  Â ¿ o f  9 1 0 0  S e r i e s  C a l c u l a t o r s  a n d  

per iphera ls ,  and deve loped the  
9830A tape cassette sof tware and 
the software for the 9880A/B Mass 
Memory.  He 's  a  member  o f  IEEE.  
Now l iv ing in Loveland, Colorado, 

Chris is marr ied and has one chi ld â€” a daughter.  He enjoys 
sk i ing,  and invests  much of  h is  f ree t ime in  h is  garden and 
his bee colonies.  
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High-Per formance NMOS LSI  Processor  
Wil l iam D.  Eads and David S.  Mai t land 

THE 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- 
puuoutput 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 inputyoutput (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 1 5 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 

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 of the 1 5-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 
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Fig.  1  .  An HP-developed 76-b/ f  processor  is  the hear t  o f  the 
9825A  Ca lcu la to r .  I t  cons i s t s  o f  t h ree  NMOS LS I  ch ips  and  
four  b ipolar  chips in a hybr id c i rcui t  on a 7.6 x3.8-cm ceramic 
substrate. 

access the 1,024 words of base page memory and 
the words that lie within Â±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 

ment memory and skip on zero, and logical AND/OR 
operations with A. 

The shift-rotate instructions contain a four-bit field 
that allows 1 to 16 bits of shift or rotation on the A or B 
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 BPC 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 
BPC. 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. BPC 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 Suppl ies 
and Grounds 

L  a i  o  c  i r  

Peripheral I  PA? 
A d d r e s s  " 2  

PA3 

Control 
Signals 

I /O Buffer  Enable 
Input/ 

Output 
Controller 

(IOC) 

- S T M  
ROW 
SMC 
UMC 

â€¢ RAL 
-  BYTE 

Extended 
Math Chip 

(EMC) 

Binary 
Processor 

Chip 
(BPC) 

Direction Control 

Processor 
Buffer Enable 

To  Bus  
Control 
Circuit 

Peripherals 

/  I D A O - I D A 1 5  

To External  
Memory 

Fig. which instructions. block diagram. The primary chip is the BPC, which executes 59 instructions. 
The 12- inst ruct /on IOC contro ls  input  and output  funct ions.  The EMC executes 15 inst ruct ions,  

most ly  for  mathemat ical  rout ines.  
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i  i n s t r u c t i o n 1  
Reg is te r  and  

Decoder  

A r i t h m e t i c .  L o g i c  U n i t  ;  R a Q f i  ,  

Fig .  3 .  BPC ch ip  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 I/O 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 

transfers and the sequencing of the memory address. 
A four-bit DMA peripheral address register holds the 
select code of the DMA operation. 

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 of transmission, 
and the other disables all transmission. 
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Processor  Detai ls  
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 /Â¿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 70Â°C in a 55Â°C 
ambient while dissipating six watts in the processor. 

Dimensions of the 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 10ns. 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 MOS 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. Â¿? 

David S.  Mai t land 
Dave  Ma i t l and  has  been  des i gn  
ing ca lcu la tor  c i rcu i ts  for  HP 
s ince 1967,  s tar t ing wi th  the 
9100A,  HP's f i rs t  ca lcu lator .  He 
designed the 4K ROM for the 9800 
Series, worked on the 9805A, and 

|  was  p ro jec t  manager  fo r  t he  
9825A processor .  He 's  au thored  
ha l f  a  dozen patent  appl icat ions.  
An  I l l i no is  p roduc t  bo rn  in  Be lve  
de re .  Dave  rece i ved  a  B .A .  de  
gree in  l ibera l  ar ts  f rom Rockford 
Col lege ( in Rockford) in 1963, and 
a  B .S .  degree  in  e lec t r i ca l  en  
g ineer ing f rom the Univers i ty  o f  

I l l ino is  ( in  Champaign)  in  1964.  Marr ied s ix  years ,  he and h is  
wi fe  have a son,  2 ,  and l ive  in  Loveland,  Colorado.  Dave 's  in  
teres ts  are  many and var ied;  they inc lude f ish ing,  h ik ing,  h is  
fa rm and motorcyc le ,  sk i ing ,  t rave l ,  mus ic  and books ,  photog  
raphy ,  and  the  Denver  Broncos  foo tba l l  team.  

Processor Tester 
An Application of the 9825A Calculator 

To test the NMOS LSI processor hybrid, a 9825A Calculator is 
u s e d  a s  a n  e n v i r o n m e n t  f o r  t h e  p r o c e s s o r  u n d e r  t e s t  a n d  a  
second 9825A is  used as an analyt ica l  contro l ler .  The purpose 
of the not,  is to determine i f  the device is funct ional,  and i f  not,  
which ch ip  has fa i led.  

E x e c u t i n g  g o / n o - g o  s o f t w a r e  a n d  t a k i n g  d c  v o l t a g e  r e a d  
ings are the two par ts  o f  the test .  The go/no-go sof tware exer  
cises each of the transistors and is executed separately for each 
LSI chip. I! and only if any of the three LSI chips fails, then the dc 
test inter executed. This dc test determines if the bidirectional inter 
face buffers are at  faul t .  These two tests require approximately 
two minutes, 30 seconds of which is the go/no-go software test.  

By  t r i p l i ng  t he  l oad  capac i t ance  and  i nc reas ing  t he  c l ock  
rate by 15%, a worst-case test is performed. A much wider range 
o f  supp ly  vo l tages  is  tes ted  than is  requ i red  by  the  9825A de 
s i gn .  Us ing  35  comb ina t i ons  o f  vo l t ages  and  check ing  each  
po in t  tw ice  can  mean tha t  the  go /no-go  so f tware  i s  execu ted  
1 70 times for each of the LSI chips. The output from the tester for 
a good device is  a vol tage plot  of  the operat ing range for  each 
L S I  c h i p .  A l l  o u t p u t  i n f o r m a t i o n  i s  p r i n t e d  o n  t h e  9 8 2 5 A ' s  
buil t- in printer. 

Other  tes t  equ ipment  used in  these tes ts  inc ludes two scan 
n e r s  ( 3 4 9 5 A ) ,  t w o  r e l a y  a c t u a t o r s  ( 5 9 3 0 6 A ) ,  a  m u l t i m e t e r  
( 3 4 9 0 A ) ,  a  c o u n t e r  ( 5 3 0 0  S y s t e m ) ,  a n  A S C I I  d i g i t a l  c l o c k  
(59309A) ,  and  f i ve  res i s tance  p rog rammab le  power  supp l ies  
contro l led by a mul t iprogrammer (6940B).  Al l  th is  equipment is  
on  the  HP In te r face  Bus .  The  scanners  a re  used  to  mu l t ip lex  
e i ther  the  mul t imeter  or  a  power  supp ly  to  any one o f  82  p ins  
o f  the  p rocessor  fo r  the  dc  tes t .  The o ther  power  supp l ies  be  
come the  four  p rocessor  supp l ies .  Two o f  these  are  sw i tched 
separately through a relay actuator to each LSI chip. This al lows 
the outputs of any LSI chip to be put in a high-impedance state, 
thus e l iminat ing the poss ib i l i ty  o f  one LSI  ch ip  in f luenc ing the 
other's test. 

For  thoroughness,  each device is  tested a minimum of  three 
t imes dur ing assembly.  The f i rs t  test  is  done af ter  bonding the 
processor  and ind icates i f  repai r  is  necessary.  I f  the dev ice is  
good, i t  is  encapsulated and tested again.  The last  test  is done 
a f te r  h igh- tempera tu re  reverse-b ias  burn - in ,  and  fa i lu res  a re  
indicated by a change in the operat ing range.  Stor ing the data 
f rom the prev ious tes t  on the in terna l  casset te  a l lows the ana 
l y t i c a l  c o n t r o l l e r  t o  l o o k  f o r  a  c h a n g e .  T h i s  d a t a  a l s o  h e l p s  
determine what  ch ip  or  bond has fa i led .  

Wil l iam D.  Eads 
Texan B i l l  Eads was born in  
Dumas and a t tended Rice Univer  
s i ty  in  Houston,  graduat ing in  
1966  w i th  a  B .A .  degree  in  e lec  
t r ica l  engineer ing.  He cont inued 
a t  R ice  fo r  h is  PhD degree ,  re  
ce ived i t  in  1970,  and jo ined HP 
that year.  Bi l l  has been concerned 
w i th  computer -a ided ar twork  and 
c o m p u t e r - a i d e d  d e s i g n  t e c h  
n iques,  and was pro jec t  manager  
for  two o f  the NMOS ch ips  in  the 
9825A processor. He l ikes to relax 
by  h ik ing ,  camping,  b ik ing ,  o r  
work ing in  h is  garden.  He 's  

marr ied,  has two ch i ldren,  and l ives in  Loveland,  Colorado.  
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Character  Impact  Pr inter  Of fers  Maximum 
Printing Flexibil ity 
This new pr inter  is  fast  and re l iab le,  and has features 
previously unavai lable in  a calculator  per ipheral ,  inc luding 
programmable hor izonta l  and ver t ica l  tabu la t ion,  var iab le  
character  spac ing,  and p lo t t ing ab i l i ty .  

by Rober t  B .  Bump and Gary  R.  Paulson 

ANEW CHARACTER IMPACT PRINTER, Model 
9871A, extends the output capabilities of all 

9800-Series Calculators and other computing devices. 
Under program control, the printer can fill out forms, 
create reports, draw charts and plot graphs. 

A character-impact printer offers several advan 
tages not available on line printers or thermal page 
printers. For example, any paper can be used, includ 
ing multiple-copy paper. This allows printing on dif 
ferent sizes or types of paper, including preprinted 
forms. Also useful for forms is the flexibility provided 
by variable character and line spacing and margins. 

Model 9871A (Fig. 1) is a page-width printer that 
accommodates paper up to 15 inches wide and prints 
up to 132 columns at 10 characters per inch. It has an 
average printing speed of 30 cps and handles six-part 
paper in single-sheet or continuous-feed form. A 
form-feed accessory for continuous z-fold paper has 
an adjustable pin-feed tractor mechanism and a 
basket to receive the printed paper. A viewing feature 
advances the paper to show the last character printed, 
if desired. 

A bidirectional platen and plotting instructions 
provide graphics capabilities (see Fig. 2). Plotting can 
be carried out to a resolution of 120 dots per inch on 
the horizontal axis and 96 dots per inch on the vertical. 

Interchangeable fonts can provide symbols for vari 
ous languages and other special characters. In addi 
tion to the standard 96-character, upper/lower case 
Roman character font, optional fonts are now avail 
able for ASCII symbols and for European language 
symbols. 

Programmable tabs with four-direction tabbing 
are useful for tabular data and arrays. A 158-char- 
acter buffer allows high-speed data to be stored, 
freeing the calculating device for other tasks. A 
character substitution feature allows any predefined 
character to be replaced by a string of characters. 

Fig .  1 .  Mode l  9871  A  Pr in te r  i s  a  page-w id th  impac t  p r in te r  
fo r  use  w i th  a l l  HP 9800-Ser ies  Ca lcu la to rs .  I t  p r in t s  up  to  
132 co lumns at  10 characters  per  inch.  Pr in t ing speed is  30 
characters  per  second.  

This can be used to generate special symbols or ac 
cent marks requiring multiple strikes. A self-test 
routine is built in. The standard interface allows oper 
ation with all 9800-Series Calculators, and an HP-IB 
(IEEE Standard 488-1975) interface is available for 
bus operation. 

Design Overview 
The 9871A Printer prints each character by striking 

the appropriate character on a plastic disc (Fig. 3). 
The plastic disc was chosen for two reasons. First, the 
character must be stationary during the print cycle 
for best print quality. To meet this requirement and 
still have reasonable speed (30 characters per second), 
a light font that can be positioned quickly and ac 
curately is needed. Second, reliability and service 
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This is an example of the type of 
flexibility available in theTp9871A. 
The user can vary the horizontal and 
vertical spacing, print or tab in 
either direction, and even do left and 
right nargin justification. 

T h  i  s  i s  a n  e x a m p l e  o f  t h e  t y p e  o f  
f l e x i b i l i t y  a v a i l a b l e  i n  t h e  H P 9 8 7 1 A .  
T h e  u s e r  c a n  v a r y  t h e  h o r i z o n t a l  a n d  
v e r t i c a l  s p a c i n g ,  p r i n t  o r  t a b  i n  
e i t h e r  d i r e c t i o n ,  a n d  e v e n  d o  l e f t  a n d  
r i g h t  m a r g i n  j u s t i f i c a t i o n .  

Fig.  2.  A bid i rect ional  p laten and plot t ing instruct ions provide 
g raph ics  capab i l i t i es .  Charac te r  and  l i ne  spac ing  and  fou r -  
d i rec t ion  tabb ing  are  a lso  under  p rogram cont ro l .  

frequency are related to the number of moving parts, 
and the print disc positioning mechanism requires 
very few. The 9871A Printer has only ten moving 
parts, compared to several thousand in the common 
typewriter. 

Helping to reduce parts count and achieve a mean 
time between failures (MTBF) greater than 500 print 
ing hours are new designs for the print disc drive, the 
ribbon drive, and the paper drive, and the use of a mi 
croprocessor for control. The microprocessor allowed 

F i g .  3 .  I n t e r c h a n g e a b l e  9 6 - c h a r a c t e r  p r i n t  d i s c s  p r o v i d e  
s t a n d a r d  R o m a n  c h a r a c t e r s ,  A S C I I  s y m b o l s ,  o r  E u r o p e a n  
language symbols .  

most functions to be implemented in firmware, there 
by minimizing electronic hardware, maximizing 
design flexibility, and making it possible to improve 
performance by adding features at little or no addi 
tional cost. The disc drive control system would have 
been particularly difficult to implement in hardware 
because of its complex transfer function, but it is 
easily implemented in firmware. Also the ease and 
speed of firmware changes were valuable in the 
development of the disc control system. 

Differential  Print  Disc Drive 
A prime consideration in the design of the printer 

was minimizing the mass and inertia of the print font 

Print Disc 
Sprocket  Assembly  

Motor 2 

Fig.  4.  Translat ion and rotat ion of  
t h e  p r i n t  d i s c  a r e  c o n t r o l l e d  b y  
two f i xed  motors .  Mot ion  is  t rans  
f e r red  t o  t he  d i sc  by  means  o f  a  
c h a i n - a n d - s p r o c k e t  d i f f e r e n t i a l  
dr ive (the pr int disc and sprockets 
ro ta te  as a un i t ) .  The des ign min i  
mizes the mass and iner t ia  o f  the 
pr in t  d isc and i ts  carr ier .  
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and the elements that carry it. Plastic print discs have 
inherently low mass and low rotational inertia, but 
the motor/encoders commonly used to rotate such 
discs are heavy and place an extra load on the transla- 
tional positioning motor. 

Differential stringing removes the rotational motor/ 
encoder from the carrier mechanism. Two frame- 
mounted motors together effect both translation and 
rotation of the print element, resulting in a carrier 
60% lighter than other comparable designs. The two 
motors are relatively small and together consume less 
space and power than the much larger motor that 
would be required simply to translate the otherwise 
heavier carrier. 

The differential drive mechanism resembles 
two parallel gear racks with a pinion between them 
(Fig. 4). The "racks" are actually a continuous chain 
consisting of urethane cross pins overmolded on two 
parallel stainless steel cables. The chain accurately 
transfers the motor rotations to the "pinion" â€” the 
print disc and attached sprockets â€” and has adequate 
stiffness (high axial spring constant) and stretch 
resistance. 

When both "racks" move in the same direction 
by the same amount the "pinion" moves in the same 
direction without rotating. Moving the "racks" in 
opposite directions by the same amount causes the 
"pinion" to rotate without translating. Any desired 
rotation and translation can be obtained by an appro 
priate choice of "rack" displacements and directions. 

Ribbon Drive 
The ribbon drive (Fig. 5) is also designed for light 

weight and mechanical simplicity. The enclosed- 
spool ribbon cartridge was chosen for its size, weight, 
and worldwide availability. A small dc motor with a 
torque-multiplying gearhead drives the ribbon from 
spool to spool, reversing direction automatically 
when the end of the ribbon is reached. 

Assume the motor is rotating counterclockwise. 
This causes clockwise rotation of the sungear. Since 
the swing arm and the sungear are frictionally cou 
pled, the swing arm and planet gear are rotated into 
contact with spindle gear 2, winding ribbon onto the 
takeup reel. When the supply reel has emptied, the 
ribbon stops, causing the motor load and current to 
rise sharply. This is sensed and the motor polarity is 
reversed, sending the planet gear into contact with 
spindle gear 1 so the ribbon rewinds onto the supply 
reel. 

Paper Drive 
The major elements of the paper drive are a platen 

and a paper guide. The paper guide consists of a 
foam-molded polycarbonate frame in which are sus 
pended individually-spring-loaded rollers. The 

Spindle 
Gear 1 

Spindle 
Gear 2 

Fig.  5.  Ribbon dr ive,  designed for l ight  weight and simpl ic i ty,  
reverses direct ion automatical ly when the end of the r ibbon is 
reached.  R ibbon car t r idges are  ava i lab le  wor ldwide.  

rollers provide nearly constant pressure between the 
platen and the irregular surface of the paper. 

The hard rubber platen is driven by a four-phase, 
1.8Â° stepper motor. Bipolar, half-step drive is used, 
with two levels of coil current, one for low torque for a 
static platen detent, and one for high torque for 
rotating the platen. A four-phase motor with half- 
step drive requires eight states to determine coil 
currents, so the printer's control ROM has an eight- 
word table to generate these states. Direction is 
controlled by incrementing the table address. When 
the platen is first activated, a software ramp acceler 
ates the motor up to 400 steps per second. This feeds 
paper at four inches per second. If the ramp were not 
used, the step rate would have to be less than 300 
steps per second, the maximum speed to which the 
platen can be accelerated in one step. 

Posit ion Control  Firmware 
Fig. 6 is a flow chart of the printer control firmware. 

At turn-on, the positions of the carrier and disc are not 
known, so the HOME routine drives the carrier against 
a stop beyond the left margin. This allows the motor 
position count for both motors to be set to an initial 
value representing home for the carrier horizontal po 
sition and the disc angular position. After this, both 
motors are monitored so that their positions are 
always known. 

A typical printer cycle starts with the LOAD routine 
reading a character from the buffer or input lines. If it 
is a printed character, the PCHAR routine will prepare 
for printing by moving the ribbon, increasing platen 
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Tes t  ROM 
and RAM.  
Initialize 

Variables 

Drive Carr ier  
to Stop,  
Initialize 
Encoder 

Counters 

Compute  Motor  
End Points,  

Decelerat ion 
Points and 

Accelerat ion 
Scale Factors 

Update Buffer ,  
S tep  One or  
Both Motors,  

Read Encoders  

No 

Wait for 
Settling, 

F i re  Hammer ,  
Read Buffer  

Ribbon and 
Platen On, 

Compute Disc 
Rotation 
for New 

Character 

Fig.  6 .  F low char t  o f  pr in ter  cont ro l  f i rmware.  

holding torque, and getting the hammer intensity 
from a look-up table. The disc rotation from the pre 
vious position is calculated and the horizontal spac 
ing is loaded to test for a left-margin truncation or a 

right-margin forced carrier return and line feed. 
The MOVEo routine computes the motor end posi 

tions and position changes, and the point to switch 
from acceleration to deceleration. Since the load that 
one motor sees depends upon the motion of the other 
motor, an optimum drive depends upon the relative 
motion between the two motors. For a given move, 
the ratio of disc rotation to carrier translation is used 
to determine the necessary acceleration. The software 
ramp used to accelerate the stepper motor is scaled by 
this ratio to produce the appropriate acceleration. 

The LOOP routine requires the move to be restarted 
as long as the access cover is open (sensed by a switch 
to prevent carrier motion and protect the operator) or 
if a stepper position is more than four steps away from 
the desired position, since in this event the stepper 
will fall out of sync and not follow its pulse train. If 
not aborted, the routine will insert a waiting character 
into the buffer. The motor with the larger required 
movement will be stepped once, and the other motor 
may be stepped or skipped to allow it to move propor 
tionally to its end point. After each step, the position 
count is brought up to date and compared, first to de 
termine when to start deceleration and second to exit 
the routine at the end point. 

The SETTL routine delays hammer firing to allow 
any resonances to die out. The hammer energy is con 
trolled by both the character printed (e.g., small 
energy for ".") and the rear-panel intensity setting. 
While the hammer is retracting, a buffer character can 
be read. The EXEC routine allows a STOP key to termi 
nate printing and clear the buffer. If no characters 
remain to be printed, the platen relaxes, the drive 
motors are turned off, and the printer waits for the 
next input. The motor positions are monitored so that 
position accuracy is maintained even if the carrier or 
disc are disturbed. 

Special operations such as tabs, plotting, and char 
acter substitutions are accessed by an escape code. 27 
different routines provide these special operations. 
The read/write memory stores the tab locations, print 
variables, and character substitution lists as well as 
the character buffer. 

The firmware also generates the logic signals for 
individual coil control of both carrier steppers and 
the platen stepper and controls the ribbon drive, 
hammer drive, and status lines to the calculator. 

Posit ion Control  Hardware 
A four-bit up-down counter takes the difference be 

tween the steps fed to the motor and the encoder 
pulses that result from motor rotation. This error 
signal is monitored by the processor for position feed 
back for that motor. The processor is a 16-bit NMOS 
microprocessor designed and built by HP. Read-only 
memory is supplied by two IK x 16-bit, NMOS ROMs 
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Fig.  7 .  To overcome the inductance of  the pr in t  d isc  s tepper  
moto rs ,  a  20 :1  vo l tage  overd r i ve  pu lse  i s  app l ied ,  b r ing ing  
the current  up to rat ing 20 t imes faster  than normal .  

also of local origin. Read/write memory uses four 
256x4-bit commercial RAMs. An interface buffer 
chip, also developed by HP, provides conversion 
from NMOS to TTL logic levels and a three-state 
data bus. 

Stepper  Motors  as Servo Elements 
An average print rate of 30 characters per second re 

quires accelerations up to 40,000 radians per second 
per second to cover the distance in the time allowed, 
after deducting settling and hammer times. The load 
requires more than 40 ounce-inches of torque and up 
to 10,000 steps per second to achieve this accelera 
tion. A major obstacle to this high step rate is the in 
ductance of the stepper motors, which limits the rate 
of current rise. To overcome this, a 1.3-volt motor was 
chosen; a 20:1 voltage overdrive pulse brings the cur 
rent up to rating 20 times faster than normal (Fig. 7). 

The stepper motor was chosen for high reliability 
and long life compared to a dc servo motor. It has a 

-Encoder  P la te  

LED 

L E D  

Direction 

- Photovoltaic Cells 

Fig.  8.  Posi t ion feedback encoder is s imple and inexpensive.  
In f rared l ight  f rom two l ight -emi t t ing d iodes is  modulated by 
the  ro ta t ing  p r in t  d i sc  and  de tec ted  by  a  mono l i th i c  s i l i con  
s e n s o r .  L o g i c  c i r c u i t s  e x t r a c t  t h e  p o s i t i o n  a n d  d i r e c t i o n  
information. 

high restoring torque for small angular errors, and 
allows use of a relatively coarse and inexpensive en 
coder for position feedback. The encoder is a slotted 
disc mounted on the motor's rear shaft. Infrared LEDs 
provide light that, modulated by the disc rotation, il 
luminates a monolithic silicon sensor (Fig. 8). The en 
coder develops two signals 90Â° out of phase for quad 
rature direction detection and relative position detec 
tion of l/400th revolution. Each signal is derived from 
a Schmitt comparator driven by the difference be 
tween the voltages from a pair of sensors 180Â° out of 
phase. This differential detection gives immunity to 
LED intensity variations. It also makes it unnecessary 
to adjust the hysteresis for each LED, while maintain 
ing good phase accuracy. Â¿ 

R o b e r t  B .  B u m p  
I Bob Bump was the electronics pro 
ject leader for the 9871 A Printer.  
He jo ined HP in 1962,  just  af ter  

I  receiv ing h is  BSEE degree f rom 
j  Cal i fornia Inst i tute of  Technology 

He a lso  ho lds  an MSEE degree 
f rom Colorado State Univers i ty .  

'  Bob  deve loped  t he  208A  Osc i l  
la tor ,  the 465A Ampl i f ie r ,  and 

W  1  t h e  a n a l Â ° 9  c o n t r o l s  f o r  t h e  6 7 5 A  
I H U  S w e e p i n g  S i g n a l  G e n e r a t o r .  T h e n ,  

Ã ­ < 2  I  t r a n s f e r r i n g  t o  H P ' s  A v o n d a l e ,  
*  â € ”  ^ ^ W W  P e n n s y l v a n i a  D i v i s i o n ,  h e  d e -  

i ^ * y  -  ~ ~ * ^ ' ^ j ^ Â ·  s i g n e d  e l e c t r o n i c s  f o r  t h e  7 6 2 0 A  
 and 5700A Gas Chromatographs,  

concentrat ing on e lect rometers.  Return ing to h is  nat ive s tate 
o f  Co lorado,  he  deve loped so f tware  fo r  add-on ROMs fo r  the  
981 OA and 9830A Calculators.  Marr ied,  and the father  of  
2 young boys,  Bob is  act ive in h is church and is  interested in 
conservat ion and po l i t i cs .  A b icyc le  enthus ias t ,  he r ides 
approx imate ly  4000 mi les  per  year .  

G a r y  R .  P a u l s o n  
Wi th  a  BSME degree f rom the 
Univers i ty  of  Minnesota,  a new 
wi fe ,  a  new home,  and a  new job  
on successive weeks in mid-1 968, 
Gary Paulson began his career at  
HP work ing on the 9120A pr in ter .  
Then fo l lowed the product  des ign 
o f  the  9810A,  9820A,  and 9830A 
calcu lators.  Whi le  work ing on the 
9871 A as mechanica l  pro ject  
leader, he authored several patent 
app l ica t ions,  and rece ived h is  
f irst patent on the differential drive 
used in the 9871 A. Gary l is ts 
among his interests woodworking, 

travel,  Oregon Trai l  pioneer history, and mountaineering. Of the 
lat ter,  he says that what began as a casual interest in a few of 
Co lorado 's  14,000 f t .  peaks,  year ly  becomes an obsess ion to  
"c l imb 'em a l l ! "  
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Mid-Range Calculator Delivers More Power 
at  Lower Cost 
I t s  des ign  takes  advantage o f  the  la tes t  techno logy ,  
p r inc ipa l l y  a  s ing le -ch ip  mic roprocessor .  

by Douglas  M.  C l i f ford ,  F .  T imothy  Hickenlooper ,  and A.  Cra ig  Mortensen 

NEAR 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 

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-100 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- 

V 
F i g .  1 .  M o d e l  9 8 7 5 / 4  C a l c u l a t o r  
i n c l u d e s  a s  s t a n d a r d  m a n y  f o r  
mer ly  opt ional  features,  inc lud ing 
pr inter,  magnetic tape unit ,  and 15 
s p e c i a l  f u n c t i o n  k e y s .  T h e  k e y  
board language is  reverse Pol ish.  
M e m o r y  i s  e x p a n d a b l e  f r o m  4 7 2  
p r o g r a m  s t e p s  t o  2 0 0 8  p r o g r a m  
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 
98 1 5A 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 Pol ish Notat ion 
Like its predecessor the 9810A, the new 98 ISA 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 981 5 A 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 â€” for example, STO 
R12, store the contents of the display register into reg 
ister number 12; or STO+IR125, add the contents of the 
display register to the register that is pointed 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. 

LBL 

---- ei 
Â«Â¿85 IF i.FG 8 

jOTO 9362 

TO ; 
6231 i 
8292 STÃœ 
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- 
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Fig.  2 .  Many keyst roke sequences are combined in to  one or  
two program s teps.  These are  a  few examples .  

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 implemented 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 981 5A 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 98 ISA 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- 
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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-Def inable  Funct ions 
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. 

Cart r idge  Tape  System 
The tape system of the 981 5A 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-100 
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). 

Thin-Fi lm 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 of the 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 5X7 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. 

I /O  Op t ion  Data 
O u t p u t  

15 A d d r e s s  B u s  

O p t i o n a l  â € ¢  R / W  
P l u g - I n  â € ¢  M e m o r y  

I / O  R O M  I I  R A M  

R  A  

I n s t r u c t i o n / D a t a  B u s  

Fig. 3. microprocessor. 9815A Calculator is based on a commercially available 8-bit microprocessor. 
E igh t  read -on l y  memor ies  con ta in  t he  i ns t ruc t i ons  necessa ry  t o  imp lemen t  t he  ca l cu la to r ' s  

functions. 
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Keyboard 
The keyboard was a critical component of the 

98 ISA 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 Ifi addresses are 
used, making it possible to address 32K bytes of mem 
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 IK 
bits each, organized in a 256x4 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 

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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In terna l  
I /O  Con t ro l  

Load  

Channe l  
Se lec t  

and  I /O 
C o n t r o l  L o g i c  

H a n d s h a k e  
L o g i c  

I /O Control  A 
â € ¢    Â ¿ T +  

I /O  Con t ro l  B  

12 

O u t p u t  
Data 

L a t c h e s  

D a t a  O u t  A  /  

D a t a  O u t  B  

In terna l  
Da ta  Ou t  

A d d r e s s  I n s t r u c t i o n  
ROM 

( 2 K  x  8 )  

Data In  
8 

I /O  Con t ro l  

12 

Interface 
Control 

Data Out 

Internal I /O Control Interface Card and Instruct ion ROM 

i  

I  

F i g .  4 .  A n  I / O  o p t i o n  a d d s  t h e  
ability to drive external peripherals. 
T w o  I / O  c h a n n e l s  a r e  p r o v i d e d :  
each accepts one of  s ix  avai lab le 
inter face 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 

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 may or 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 the9815A is not the system controller, a device 
clear command (DCL) will return the calculator to 
the power-up state, allowing an auto start operation; 
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this is useful in remote sites having power-fail/re 
start capabilities or when an external restart com 
mand is available. 

Cartr idge 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 

lock to 0 Hz. 
In steady state operation long term (^0.1 s) speed 

variations are less than Â±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 F i g .  5 .  C a r t r i d g e  t a p e  s p e e d  

c o n t r o l  s y s t e m  i s  a  f r e q u e n c y -  
l o c k e d  l o o p  t h a t  u s e s  a n  o p t i c a l  
t a c h o m e t e r  f o r  s e n s i n g  m o t o r  
speed. 
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Band-Limited 
Integrator 

Track A 

Current  Source 

Comparator  

Frequency 
Doubler 

Output to 
Microprocessor 

Fig . done The 9825A 5A cartridge tape read /write system. Data decoding is done by firmware. The 9825A 
Calcu la tor  has  the  same wr i te  sys tem,  bu t  decod ing 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 10Â°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 

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.ff 

Douglas M. Cl i f ford 
Doug Cl i f ford came to HP in 1968 
a n d  d e s i g n e d  m i c r o w a v e  s p e c  
t rum analyzers  for  three years  be 
fore  jo in ing HP's  Ca lcu la tor  Pro  
duc ts  D iv i s ion .  He  was  respon  
s ib le for  the HP-46 and HP-81 
Calcu la tors  and was pro jec t  
manager for the 981 5A Calculator. 
He holds severa l  ca lcu lator-  
related patents. Doug received his 
BSEE degree f rom Br igham 
Young Univers i ty  in  1968 and h is  
MSEE from Stanford Universi ty in 
1 970, and expects to complete his 
work  fo r  the  MBA degree  a t  Co lo  

rado State Univers i ty  th is  year .  An act ive par t ic ipant  in  h is  
church,  the Boy Scouts ,  and the nat iona l  sk i  pat ro l ,  Doug is  
marr ied,  has four  ch i ld ren,  and l ikes to  r ide motorcyc les and 
horses and play golf ,  basketbal l ,  and vol leybal l .  He was born in 
Saf ford,  Ar izona and now l ives in  Loveland.  Colorado.  
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A.  Craig  Mortensen 
Cra ig  Mor tensen rece ived h is  
BSEE and MSEE degrees f rom 
Br igham Young Univers i ty  in  
1972 and 1973, then jo ined HP to 
work on the 981 5A Calculator.  
He 's  authored two patent  app l ica  
t ions as a resul t  o f  h is  servo and 
read/wr i te  e lect ronics design for  
the 981 5A cartr idge tape system. 
Cra ig  was born in  St .  Anthony,  
Idaho, and now l ives in Loveland, 
Colorado.  He's s ingle,  and enjoys 
al l  outdoor sports and act iv i t ies,  
especially skiing. He's a student of 
karate and is act ive in his church. 

F.  T imothy Hickenlooper  
IT im Hickenlooper helped design 

the I /O system and mainf rame 
f irmware of the 981 5A Calculator. 
Wi th  HP s ince  1974 ,  when  he  re  
ce ived h is  BSEE degree f rom 
Br igham Young Univers i ty ,  T im is  
now a  product ion  eng ineer  a t  
HP's Calculator Products Division. 
A nat ive of  Provo,  Utah,  he 's  mar 
r ied,  has two young chi ldren,  and 
l ives in Loveland, Colorado. 
He's active in his church and as a 
Boy Scout  leader ,  he en joys 
spor ts ,  especia l ly  basketbal l  and 
vol leybal l ,  and he l ikes to work on 

cars  and invent  e lect ron ic  dev ices.  

S P E C I F I C A T I O N S  
HP Model  9825A Calculator  

I N T E R N A L  S T O R A G E  ( R E A D / W R I T E  M E M O R Y )  
S t a n d a r d  6 , 8 4 4  b y t e s  
O p t .  0 0 1  1 5 , 0 3 6  b y t e s  
O p t .  0 0 2  2 3 , 2 2 8  b y t e s  
O p t .  0 0 3  3  1 , 4 2 0  b y t e s  

D Y N A M I C  R A N G E :  1 0 9 9  t o  1 0 " " ,  0 ,  - 1 0 ~ "  t o  - 1 0 9 9  
I N T E R N A L  C A L C U L A T I O N  R A N G E :  1 0 5 1 1  t o  1 0 ~ 5 1 1 ,  0 ,  - 1 0 ~ 5 1 1  t o  - 1 0 5 1 1  
S I G N I F I C A N T  D I G I T S :  a l l  n u m b e r s  a r e  c a l c u l a t e d  a n d  s t o r e d  i n t e r n a l l y  w i t h  

12 signi f icant digi ts,  regardless of the format used. 
ADDRESSING MODES: Condi t ional  and uncondi t ional  for  absolute,  re lat ive,  sym 

bol ic,  and computed. 
SPECIAL FUNCTION KEYS:  12 ,  sh i f tab le  to  24  
T A P E  C A R T R I D G E  

Capacity: 
Average Access T ime:  
Read/Wri te Speed: 
Search Speed:  

(bidirectional) 
T r a n s f e r  R a t e :  2 , 7 5 0  b y t e s / s e c  
T y p i c a l  A c c e s s  R a t e :  1 4 , 3 0 0  b y t e s / s e c  
R e w i n d  T i m e :  1  9  s e c  ( e n d  t o  e n d )  
T y p i c a l  E r a s e  T i m e :  4 0  s e c  ( o n e  e n t i r e  t r a c k )  
C a r t r i d g e  S i z e :  6 3 . 5  m m  x  8 2 . 5  m m  r  

12.7  mm (2 .5  in  x  3 .25  in  

250,000 bytes 
6 sec 
559 mm/sec (22 in/sec)  
2,286 mm/sec (90 in/sec)  

Verif ication: 
x  0 .5  in )  
Automat ic on recording 

PRINTER 
P a p e r  W i d t h :  5 7 . 1 5  m m  ( 2 . 2 5  i n )  
S p e e d :  1 9 0 l i n e s / m i n  
F o n t :  A  5  x  7  d o t  m a t r i x .  P r i n t s  a l l  t h e  

characters  shown be low in  upper  and 
lower case.  Up to 16 characters/ l ine.  

D ISPLAY:  t he  s tanda rd  32 -cha rac te r  LED d i sp lay  d i sp lays  a l l  o f  t he  fo l l ow ing  
characters: 

fi B C D E F G H I J K L M N O P Q R S T U V U X V 2. 
abcdefghiJk l  n n o P* r  s  t  u u w x y z [  ]  r  iÃ­  _ Cd 
0 1 2 3 4 5 6 7 8 9 : ;  <  =  > ?  !  "  t t  f  ' ;  ' Ã ­  '  O  * +  p  -  .  /  1  

With available: String or General I, O ROM. the following characters are available: 

fi Ã . ft d Ã¼ Ã² Ã¼ Ã¼ Ã̄  Â« H n Ã³ o: e P 6 i 8 x y â€¢-> Â¿ -T Ã­ Q 

PERIPHERAL I /O 
CAPACITY:  Three genera l  I  O s lo ts  
TRANSFER RATES: Input  rate of  up to 400k t ransfers/sec,  output  rate of  up to 

2 0 0 k  c a r d .  s e c  d e p e n d i n g  o n  t h e  p r o g r a m ,  R O M s  u s e d ,  a n d  I / O  c a r d .  
(A t ransfer  is  one 16-bi t  word or  one 8-bi t  byte.)  

INTERFACE: Dedicated card and cable assemblies for peripherals,  plus general 
I /O  in te r face  ca rds  p rov id ing  HP- IB ,  b i t -pa ra l l e l ,  and  BCD fo rma ts .  HP- IB  
format  conforms to  IEEE Standard 488-1975.  

E N V I R O N M E N T A L  R A N G E  
OPERATING TEMPERATURE:  5=C to  4CFC ambient  
S T O R A G E  T E M P E R A T U R E :  - 4 0 = 0  t o  - i - 6 5 ' C  
A M B I E N T  H U M I D I T Y :  < 8 0 %  

Card Number  
HP 98032A 
HP 98033A 
HP 98034A 

SIZE/WEIGHT 
HEIGHT:  129.5  mm (5 .1  in )  
WIDTH:  383.5  mm (15.1  in )  
DEPTH:  495.3 mm (19.5  in)  
NET WEIGHT:  11 .8  kg  (26  Ibs)  

P O W E R  R E Q U I R E M E N T  
S O U R C E :  1 0 0 / 1 2 0 / 2 2 0 / 2 4 0 V  + 5 % ,  - 1 0 %  
L INE FREQUENCY:  48  to  66  Hz  
POWER CONSUMPTION:  100V /1 .7A  

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

INTERFACES 
Interface Card 
16-bit  Duplex 
B C D  
HP-IB 

A D D - O N  R O M s  
STRING-ADVANCED PROGRAMMING: Sing le s t r ings and s t r ing ar rays.  St r ing 

s ize l imi ted by memory s ize Seven st r ing funct ions and one s t r ing operator .  
Parameter-passing funct ions and subrout ines with local var iables. FOR-NEXT 
statements and cross-reference operator .  Spl i t  and integer precis ion number 
storage. 

MATRIX:  Per fo rms mat r ix  add i t ion ,  sub t rac t ion ,  mu l t ip l i ca t ion ,  t ranspos i t ion ,  
and invers ion.  Performs addi t ion,  subtract ion,  mul t ip l icat ion,  d iv is ion,  in i t ia l i  
za t i on  and  red imens ion ing  on  n -d imens iona l  a r rays .  P r i n t s  a r rays  on  t he  
strip printer. 

9 8 6 2 A  P L O T T E R - G E N E R A L  I / O :  H P  9 8 6 2 A  P l o t t e r  s t a t e m e n t s  f o r  s c a l  
ing,  p lot t ing,  label ing,  and drawing axes 

G E N E R A L  I / O :  B a s i c  I / O  c a p a b i l i t i e s  i n c l u d i n g  r e a d / w r i t e  w i t h  f o r m a t  c o n  
t r o l .  L i s t s  p r o g r a m s  o n  a  p e r i p h e r a l .  S t a t u s  t e s t i n g .  C o m p a t i b l e  w i t h  
HP-IB peripherals. 

E X T E N D E D  I / O :  C o m p l e t e  H P - I B  c o n t r o l .  I n t e r r u p t  c o m m a n d s .  A u t o  s t a r t ,  
er ror  t rapping,  and t ime out .  B i t  manipulat ion and test ing.  Code convers ion,  
burst (DMA). and write, buffered I/O, and direct memory access (DMA). 

O R D E R I N G  I N F O R M A T I O N  

O P T I O N  N O .  K I T  N O .  D E S C R I P T I O N  
S t a n d a r d  6 , 8 4 4  b y t e s  o f  m e m o r y ,  3 2 -  
H P  9 8 2 5 A  c h a r a c t e r  L E D  d i s p l a y ,  1 6 -  

character str ip printer. 
O p t .  0 0 1  1  5 , 0 3 6  t o t a l  b y t e s  o f  m e m o r y  
O p t .  0 0 2  2 3 , 2 2 8  t o t a l  b y t e s  o f  m e m o r y  
O p t .  0 0 3 "  3 1 , 4 2 0  t o t a l  b y t e s  o f  m e m o r y  

9 8 2 2 1 F  F i e l d  i n s t a l l e d  8 , 1 9 2  b y t e s  o f  
memory 

9 8 2 2 2 F  F i e l d  i n s t a l l e d  1 6 . 3 8 4  b y t e s  
o f  memory  

P l u g - I n  R O M s  9 8 2 1 0 A I  S t r i n g â € ”  A d v a n c e d  P r o g r a m m i n g  
9 8 2 1 1  A  M a t r i x  
9 8 2 1  2 A  9 8 6 2 A  P l o t t e r â € ”  G e n e r a l  I / O  
9 8 2 1 3 A t  G e n e r a l  I / O â € ”  E x t e n d e d  I  0  
9 8 2 1 4 A t  9 8 6 2 A  P l o t t e r â € ”  G e n e r a l  I  O â € ”  

Ex tended I  0  
â€¢Wil l  not operate with ROMs 98210A, 98213A. and 98214A. 
tWi l l  not  operate  wi th  31.420 bytes memory.  
PRICE IN U.S.A. :  9825A Base Pr ice ,  $5900.  
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HP Model  9871A Pr in ter  
S P E E D  

A v e r a g e  t e x t  l i n e  o f  1 0  c h a r a c t e r s / i n :  3 0  c h a r a c t e r s / s e c .  B e s t  c a s e  o f  1 0  
characters/ in,  no rotat ion: 32 characters/sec. Worst case of 1 0 characters/ in,  
180C rotation: 14 characters/sec. 

Carr ier  return or  tab.  fu l l  length:  325 msec.  
L ine feed,  0 .167 in .  (4 ,23 mm):  50 msec.  

P A P E R  
S i n g l e  s h e e t  o r  c o n t i n u o u s  f e e d .  F o r m  f e e d  m e c h a n i s m  r e c o m m e n d e d  f o r  

cont inuous feed.  
Single part  or  mul t i -part ,  2 to 6 parts.  
15  in  (381 mm) max imum wid th .  

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 )  

P O W E R  R E Q U I R E D  
S O U R C E :  1 0 0 i 1 2 0 / 2 2 0 / 2 4 0 V  + 5 % ,  - 1 0 %  
FREQUENCY:  48 -66  Hz  
CONSUMPTION:  200VA max imum (p r i n t i ng )  

60VA (nonpr in t ing)  
E N V I R O N M E N T A L  R A N G E  

TEMPERATURE: 0Â° to 45Â°C 
HUMIDITY:  5% to  95% RH (noncondens ing )  

O P E R A T I N G  C O N T R O L S  
Power on-of f  swi tch 
Sel f - test ,  pushbutton switch 
9-posi t ion pr int  intensi ty adjustment 
Safety  in ter lock (s tops pr in t ing when access cover  is  removed)  

B U F F E R  
158 charactersâ€” automat ical ly  f i l ls  i f  characters are received faster  than pr int  

rate. Status l ine indicates when 1 6 characters are left in buffer. The buffer may 
a lso be used for  s tor ing tab in format ion and user  def ined characters .  

E X T E R N A L L Y  P R O G R A M M A B L E  F U N C T I O N S  
96 printing characters, self test, horizontal tabs, vertical tabs, dot and line plotting, 

character  and l ine spacing,  bel l .  

O R D E R I N G  I N F O R M A T I O N  
One of  the fo l lowing in ter face opt ions is  requi red:  

Opt 010 for use with the HP 9810Aâ€” Opt. 010 requires either the HP 1 1252A 
or  HP 11 264 A Per iphera l  Cont ro l  ROM's or  HP 11262A Per iphera l /Casset te  
ROM or  HP 11266A Per iphera l /P r in te r  A lpha  ROM.  

Opt .  020 fo r  use w i th  the  HP 9820A.  
Op t .  021  f o r  use  w i t h  t he  HP  9821Aâ€ ”  Op t .  020  and  021  requ i r e  e i t he r  t he  

H P  1 1 2 2 0 A  o r  t h e  H P  1 1 2 2 4 A  P e r i p h e r a l  C o n t r o l  R O M s .  T h e  H P  1 1 2 2 1 A  
Math ROM is  requi red for  p lot t ing and form f i l l ing.  

Opt .  030 fo r  use w i th  the  HP 9830A.  
Opt .  015 for  use wi th  the HP 981 5A 
Opt. 800â€” European Print Disc 
Opt. 801â€” ASCII Print Disc. 

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

HP Mode l  981  5A  Ca lcu la to r  
STORAGE 

R/W MEMORY:  472  p rog ram s teps ,  10  da ta  reg is te rs "  
OPT.  001:  2008 to ta l  p rogram s teps ,  10  da ta  reg is te rs"  
"May  be  a l l oca ted  by  use r  i n t o  any  comb ina t i on  o f  p rog ram s teps  and  da ta  

registers 
D A T A  8 - b i t  9 6 , 3 8 4  b y t e s  ( 8  s t e p s  =  1  r e g i s t e r ,  1  s t e p  =  o n e  8 - b i t  

byte),  12,048 registers 
SEARCH SPEED:  1524 mm/sec (60 in /sec)  b id i rec t iona l  
R/W SPEED:  254 mm/sec (10 in /sec)  
TAPE LENGTH:  42 .67  m (140  n )  
F ILE SIZE:  80 bytes to  2008 bytes,  programmable 
D I M E N S I O N S :  6 3 . 5  x  8 2 . 5  x  1 2 . 7  m m  ( 2 . 5  x  3 . 2 5  x  0 . 5  i n )  

T H E R M A L  P R I N T E R  
PAPER:  55  mm (2 .25)  in  w ide  
PRINT:  5  x  7  dot  mat r ix .  16-charac ter  l ine  
NO. OF DIGITS: 1 0 digits maximum, plus sign and signed 2-digit exponent. Print 

format user selectable. 
AVA ILABLE  ALPHA:  

RBCDEFGHIJKLMNÃœPQRSTUVWXYZ 
0 1 2 3 4 5 6 7 8 9  I J Ã œ H H Â £ Ã “ M Â £  

DISPLAY 'â€¢ '' ' ' : + -*/=''-*> ?*& ' &<*i + *ir4.< > 
TYPE:  7-segment  gas d ischarge 
SIZE: 16 numeric characters: 10 digits maximum with a signed 2-digit exponent. 
NOTATION: Fixed, scientific, scientific 3 

E N V I R O N M E N T A L  R A N G E  
TEMPERATURE: 5 'C to 40Â°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 )  

P O W E R  R E Q U I R E M E N T  
S O U R C E :  1 0 0 / 1  2 0 / 2 0 0 / 2 4 0  V  + 5 % ,  - 1 0 %  
FREQUENCY:  48  to  66  Hz  
CONSUMPTION:  100V/850mA 

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

O R D E R I N G  I N F O R M A T I O N  
STANDARD-HP 9815 w i th  472 program s teps ,  10  data  reg is te rs  

OPT. 001 :  2008 tota l  program steps 
OPT.  002:  2  I /O channels  

PRICE IN U.S.A. :  9815A Base Pr ice .  $2900 
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