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For generations of engineers, Hewlett-Packard—simply “HP”—set the benchmark for elec-

tronic instrumentation. Its instruments were not merely tools, but expressions of precision, re-

liability, and a distinctive engineering culture.

Founded in 1939 by Bill Hewlett and David Packard, HP grew from a modest garage in Palo 

Alto into one of the most respected electronics companies in the world. Along the way, it 

shaped how measurements were performed, interpreted, and trusted, leaving an enduring 

mark on engineering practice.

This volume is part of the Technical Art Books collection and belongs to the series The 

Golden Age of HP: Through Some of Its Masterpieces, which explores that remarkable period 

through a selection of instruments and systems that best represent HP’s engineering philoso-

phy.

While other volumes in the series focus mainly on classic measurement instruments, this 

book moves toward programmable systems and personal engineering computers. Machines 

such as the HP-85 were not simply computers, but tools designed for engineers and closely 

integrated with laboratory instrumentation.

Like the other books in the series, this volume combines historical 

notes, technical analysis, personal memories, and practical 

restoration experience. Its aim is not only to document remark-

able machines, but also to preserve the spirit of an era in which 

electronic engineering achieved a rare balance of rigor, elegance, 

and human ingenuity.

Giovanni "Gianni" Becattini

giovanni.becattini.books@gmail.com
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HP-35 SCIENTIFIC CALCULATOR – HEWLETT, BILL – 1972, OWN WORK
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Calculators

The Information Technology becomes personal and pocket-sized.

Section

HP-35 SCIENTIFIC CALCULATOR – HEWLETT, BILL – 1972, OWN WORK
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The first scientific calculator ever

HP-35 Calculator

Calculators

Subsection:

Section:
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❶ The HP-45’s back label. ❷ The HP-45. ❸ The HP-35. ❹ The HP-41C. 
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At nearly the same time that the second switch is activated, a third switch may or may not be acti-

vated depending on whether the corner of the card is cut off. This is the file protect scheme, which 

prevents the user from writing over a previous program. When the second switch is activated the third 

switch is interrogated. If the third switch is not activated (the corner being cut off) the machine will 

not write over that card when the calculator is in the W/PRGM mode.

The data is written/read by a two-track recording scheme. As the card proceeds out the left side of 

the calculator it is held against the side of the card guide by a second side-loading leaf spring. 

When the trailing edge of the card passes the motor start switch the motor and read/ write circuits 

are shut off. The card may then be removed from the machine. Figure ❶ shows the card-reader 

parts disassembled.

The Key to Success
The card reader was probably the most important key to the success of the HP-65/67, because 

it opened the door to this terrible and wonderful thing we call software. Not only could you 

start creating and selling your own applications, but you could also draw on the extensive HP 

(or third-party) software collection. 

HP Application Pacs allowed users to save a lot of time solving a wide range of problems. 

They allowed the full power of the HP-67 to be used immediately. A wide variety of programs 

- in science, engineering, and busi-

ness - were made available on pre-

recorded magnetic cards. Applica-

tion Pacs contained 19 to 26 pre-

printed, pre-recorded program 

cards, a program card holder, and 

a manual with complete docu-

mentation. 

The manual also contained op-

erating instructions, equations, 

limits and warnings, and sam-

ple problems with solutions for 

each program in the Pac.

2
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In addition to these addressing and register 

capabilities, other CPU enhancements in-

clude new peripheral instructions to meet I/O 

demand, software-programmed on-off logic, 

automatic reset circuitry, and a new instruc-

tion to read ROM contents as data. The new 

instruction, CXISA, is especially useful for 

reading lookup tables, application ROMs, 

and ROM checksums. The HP-41C contains 

12K words of system ROM (read-only mem-

ory), partitioned into three ROM chips with 

4K words of 10 bits in length. That is 16 

times more ROM than the HP-35 and more 

than twice that of the HP-67. The system can 

accommodate four plug-in application ROM 

modules at the same time, each containing 

one or two ROM circuits; the ROM operates 

in the same way in all four ports. The num-

ber of possible application ROMs is not lim-

ited by the hardware.

Data Storage
There are five data storage circuits, each 

containing 16 56-bit registers of RAM (ran-

dom-access memory). One of these circuits 

is allocated for internal storage, including the 

stack, display register, program pointers, and 

so on. The other four chips provide the user 

with 64 registers that can be partitioned be-

tween data and program memory at a rate of 

seven bytes of program per register. 

❶ The HP -41 alphanumeric display. ❷ The HP-41C 
logic board (CPU). ❸ The HP-41C block diagram.

3
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Hey, This Is Not an Instrument!
Yes, I know—but there are many reasons to talk about it. First, it has often 
been used as a controller for instrument systems via the HP-IB interface. 
But above all because I like it: it was one of my dreams at the time, al-
though far too expensive to buy just for fun. Moreover, it was one of the 
“Great HP” products, and therefore fully consistent with the spirit of this 
book.

First of a Lineage
Briefly, the HP-85 was the first member of the HP 80-Series family 

of microcomputers introduced at the end of 1979. But this alone 
says very little; to appreciate the HP-85, it is necessary to re-

call the world in which it appeared—a moment that I re-
member very well and that I will try to describe here.

A Long Story
As we saw in the previous chapter, the story 

began much earlier, with Olivetti’s Pro-

gramma 101 project and the introduc-

tion of the HP 9100 and 9800 series of 

desktop programmable calculators—

machines that offered a kind of “quasi-

personal” alternative to minicomputers 

from companies such as Digital Equipment 

or Data General.

From this seed came the handheld programmable calculators, such as the HP-

67 described in the previous chapter.

HP-85
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❶ A typical electronic board from the seventies; the HP-85A had a socket for most ICs; in this 85B, only one for 
the printer controller is retained. Most boards have only two layers and SMD is still far away (better for us!). After 
many years, the most critical parts are definitely the ribbon cables and their connectors. Use a thin transparent 
plastic sheet as an extractor, as described in the text.

A million years ago, I designed the hardware and software of an industrial thermal printer, so the 

subject is quite interesting to me. As described earlier, the HP-85 printer can print text and graphics. 

The main goals of the new design were high printing speed and low manufacturing cost. The photo 

shows the printing mechanism with its companion printed circuit board that contains all of the 

printer electronics, as well as the power supply shown on the following pages.

All of the required electronics, except for the high current drivers, have been integrated into a sin-

gle NMOS integrated circuit, the printer controller, which provides internal buffering for up to 32 

characters and a 5X7 dot matrix character generator (7x9 is required for good lower case.) 

The print head consists of eight thin-film resistors arranged in a vertical column. The entire 

printhead is moved across the paper so that a character is formed when the correct resistors 

are activated at specific times.

An eight-position rotary switch is connected to select eight pre-programmed print intensities 

(7 is the darkest) by varying the pulse duration of the signals applied to the printhead resis-

tors. 

The controller is capable of bidirectional printing for alphanumeric copies; to maximize 

printing speed, a look-ahead algorithm is built into the chip. The controller decides which 

direction to print by looking at the current line length and the next line length. 

Details: the printhead assembly is moved across the paper by the head drive motor. This motion uses a 7.5° (48 steps) 
step motor that drives the printhead assembly with a toothed belt. The resolution of the motor is doubled by driving it in 
a half-step mode (3.75% step). Each step corresponds to one dot column of printout. The motor is driven at 448 steps 
per second, which is equivalent to a print speed of sixty-four characters per second. Paper feed is accomplished by use 
of an additional step motor. It operates in a full-step mode (7.5% step) and steps at one-third the rate of the head drive 
motor. Each step corresponds to one dot row of paper advanced. When the controller finishes printing a line, it automat-
ically advances the paper. For alphanumeric copy, the paper advances ten dot rows, spacing three dots between lines. 
For graphics copy, it advances only eight dot rows; thus it is possible to print a continuous vertical line for graphics plots.

There is no home switch designed into the printer. At the first PRINT command after system power-on, the system 
firmware will send a home command to the printer controller. Knowing that this is the first home command received since 
power-on, the controller drives the printhead assembly all the way to the left. The assembly moves toward and eventually 
contacts the left wall of the frame. After the motor has been given 256 pulses, the controller then reverses the direction 
of the motor and moves the head assembly four steps to the right. Then it turns off the power applied to the motor and 
resets all internal position keeping logic. In this manner, a home position is established.

125



CRT SYNCHRO

range. If the twelve-volt supply shorts, the input power drops, and the short acts as a finite current 

with zero output voltage. 

A + 12V over-voltage sensor crowbars the unregulated 32-volt supply if Q1 is shorted. The other 

supplies do not have an over-voltage failure mode.

INTERESTING: you can check the operation of the switch-
ing modulation by connecting an oscilloscope to pin 12-13 
of U1 and applying suitable resistors as a load, progres-
sively reducing their value. My +12V power supply in-
creases the duty cycle up to 50% with an 11 ohm resistor 
(1,090 mA). With a 10 ohm load (1,200 mA), the current 
limiter triggers. Obviously resistors must be big enough 
and warm quickly (@1A = 12W).

135
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To use them, you need to 

• a) raise the capstan about 2 mm (see next); 

• b) add a 1K8 resistor in parallel to R1 to increase the write current (the 

DC2000 tape has a higher magnetic coercivity);

• c) slightly widen the hole in the PCB, as shown on the previous page.

❶ A HP98200 cassette with the damaged tape; note 
the transparent sections. ❷ The driving belt (in 

red) that moves the tape, driven by the cap-
stan. ❸ The hole in the tape used to 

signal the approaching end of the 
tape. ❹ The two holes used to 

signal the end of the 
tape.



OS Extensions
One of the strengths of HP calculators was the availability of many software add-ons, either at the 

system or application level. The HP-85 could also accept ROM cards in its I/O slots. Each ROM card 

(82936A) could accept up to six ROM plug-ins; each ROM plug-in was a matchbox-sized plastic 

package that snapped into one of the sockets on the ROM card. Since each ROM was "bank-

switched" (the CPU turned them on or off as needed), a user could plug in as many ROM cards as 

needed (up to four, anyway).

These ROMs enhanced the capabilities of the BASIC interpreter. The most important were 

(marked with an asterisk those included as default in the HP-85B):

• 00085-15001 MASS-STORAGE ROM: provides the capability to interface the HP-

85 with the HP 8290X-series Flexible Disc Drives or the HP 9134A/9135A Winchester Disc 

Drive.  

• 00085-15002 PLOTTER/PRINTER ROM*: gives the ability to control plotters and external 

printers. Allows data to be transferred to an HP plotter. Also provides single commands to dump 

CRT graphics and alpha screens to any HP dot matrix printer. 

• 00085-15003 I/O ROM: gives the extended functions needed to control its optional I/O 

interfaces. Provides straightforward input/output commands that enhance the BASIC language 

capability.

• 00085-15004 MATRIX ROM*: gives a powerful set of statements and functions for working 

with arrays. Both matrices (2-dimensional arrays) and vectors (1-dimensional arrays) are 

supported. Ideal for those who need matrix computation.

• 00085-15005 ADVANCED PROGRAMMING ROM*: gives the user extended functions for the 

BASIC interpreter. Extends your control over data, programs and system operations.  I find it very 

interesting, and dedicated an extra page to it (see below).

• 00085-15007 ASSEMBLER ROM*: provides the capability to write customized assembly 

language programs that can be executed from the user memory or burned into EPROMs. Used 

often with the HP 82928A (System Monitor ROM) and HP 82929A (Programmable ROM Drawer). 

More in the following.

• 00085-15012 ELECTRONIC DISK (EDISC) ROM. The HP-85 may accept up to 4 HP-82908A 

64 Kbytes, or HP-82909A 128 Kbyte RAM cards. The EDISC ROM allows some of this memory 

to be used as a high-speed RAM disc speeding access to programs and data. 
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5¼-inch floppy disks were a novelty in 1976, when I bought a Shugart SA-400 with controller 

for about 1,200 million Liras; the same money could buy a Honda 400 motorcycle.

By the end of the 1980s, 5¼-inch disks had been superseded by 3½-inch disks, and during this 

time, PCs frequently came equipped with drives of both sizes. The advantages of the 3½-inch disk 

were its higher capacity, its smaller physical size, and its rigid case which provided better 

protection from dirt and other environmental risks.

The HP 3½-inch Flexible Disc was a Sony random-access drive, available in both 

single-and dual-head configurations. The single-head version was used in the HP 

9121D/S and HP 9133 A/B/V/XV products. The dual-head drive was used in the 

HP 9133D/H, HP 9122D/S, HP 9114A and HP 9153A.

The first appearance of a 3½-inch floppy was 1983 HP catalog, with the 9121, 

which, in addition to low-cost, reliability, and speed of random access, offered 

the possibility to use the new smaller and more compact discs. The 3½-inch 

single-sided drives provided the same amount of storage capacity of the 5 ¼-

inch (270 Kbytes), thanks to the increased track density: 135 tracks per inch, 

compared to 48 tracks per inch of older ones.

The media was finally totally enclosed in a shirt-pocket-sized, hard plastic 

envelope to protect it from contamination. A built-in hub reduced centering 

problems of the media.

The unit weight of 650 grams is enormous today but incredibly low at the time; the 

rotational speed was of 

600 RPM, with one 

second of start time.

HIGH
DENSITY

WRITE
PROTECT

32

❶ The 3½-inch HP drive was pro-
duced by Sony. 

❷ The first floppies used only one 
side, but later they passed to two. 
The hole on the left identified the 
high-density floppies. 

❸ The other hole could be closed by 
a sliding tab. When left open, it sig-
naled a write-protected disc.
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A Small Great Sign 
The above is the EBTKS Pocket Guide. It is only a small part of the huge EBTKS project, but it shows the great atten-
tion of the authors to the needs of the users. Even the cover graphic is designed in HP style!
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Thank You   
   All!
Unlike other topics, the HP-85 is an endless chapter. Every time I think I have finished, I discover that 

there are still oceans of things to study and describe.

My first draft of this document was significantly improved thanks to the friends of 

hpseries80@Groups.io, who patiently reviewed it and, through their suggestions, helped me reduce 

the number of silly or incomplete things I had written.

In particular, I would like to mention (in alphabetical order):

• Piero Andreini, my personal friend, who made possible the repair of the HP-IB interface and 

supplied the 9121 and 9130 drives, together with the necessary knowledge;

• Philip Freidin, one of the creators and the driving force behind the mythical EBTKS board, who 

also reviewed most of the content of this chapter;

• Gastone Garziera, one of the members of the Olivetti Programma 101 team;

• Everett Kaser, the man who deserves an equestrian monument;

• Randy Kindig, from Floppy Days;

• Darryl Ramm, who—among many corrections—suggested the orange color and the new 

Korinna font. I liked it so much that I adopted it for my other books as well.

Thank you, guys!
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Here you can see the effect of the sample program. We 
captured the waveform from the spectrum analyzer 
(8567A in this case) with the HP-85B and plotted it on 
the screen. You can save the trace data to tape or floppy 
disk if you have one.
This is very easy and fast, which confirms that the 85 is 
a very useful machine.
The speed is not dizzying, but with a few commands we 
learned to control the instrument and read a waveform.

an 8567A Analyzer
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At first sight, this program is very similar to the other examples that we saw before, but the FUNCDEF
command in line 10 specifies that the command must be stored, not executed. By the way, line 30 

says also that @ will be used to close the function, i.e., to close the store mode. This closing is 

performed by statement 40. Line 50  associates this function to the 6 key.

❶ Let’s use the Z_ZOOM function to zoom on the highest peak on the CRT. Simply press SHIFT, then the assigned key 
(the key 6 in this case). ❷ Here we have pressed SHIFT, 6, Hz: the highest peak is centered and reported to the refer-
ence level.  In this photo, you can see the SHIFT, the 6, and the Hz 6 keys. Note that every key has a letter associated. 
In theory you could use them to write your program directly on the analyzer, but that seems more a punishment than a 
possible job.
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