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HOMEBREW TO CHAMPAGNE 

Steve Wozniak, Co-founder Apple Com
puter, Inc. 

In a recent speech before the In
ternational Apple Core, Steve Woz
niak, co-founder of Apple Compu
ter, described how his involvement 

by Steve Wozniak 
Apple Computer, Inc. 

with a local computer club helped 
give birth to Apple. 

I'd like to compliment the 
organizers from the International 
Apple Core for bringing together so 
many Apple fans. I hope you all 
love your Apple ll's as much as I 
love mine. 

Those of you who read the maga
zines are aware that the Homebrew 
Computer Club was formed back in 
spring of '75. It was one of the first 
computer clubs in the country. The 
phases it went through, from forma
tion to maturity, parallel what I was 
doing at that time, which also led to 
the birth of the Apple I and Apple 11. 
Both products to a large .-d€gree 
were born out of the club, rather 
than from an existing company or 
product philosophy. 

At the time, I was working at 
Hewlett-Packard designing calcula
tor-type circuits. I knew how to de
sign and write compilers and such, 
but I'd kind of let that slip for a few 
years. I was more interested in cal-

culator chips and driving around 
the world and just doing all the 
things you do at that age. 

Well, I got involved in designing 
video games. I was in a bowling 
alley and saw a PONG game and 
thought, "Hey, I can design one of 
those. " So I went out and designed 
my own version. It was famous 
around H-P because when you 
missed a shot, a rando'm message 
would flash on the screen and say 
something like "Oh Shit!" or "Darn 
it". 

I also. got interested in video ter
minals, because I watched some 
friends using Teletype 33s, which 
were popular low-cost terminals in 
those days. I could talk to timesha/
ing systems and play Lunar Lander 
and look at all sorts of interesting 
files. 

I wanted a terminal, but couldn't 
afford one. At Hewlett-Packard they 
had a flexible policy which said, 
basically, that any engineer is wel
come to parts for projects of his 
own design. So I took advantage of 
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th at policy and designed a video 
terminal and a modem to get on 
various networks. 

Th is was about th e time th e 
Homebrew Computer Club was 
formed. I h eard from a friend th at 
th ey were interested in micropro
cessors. I didn't really know wh at 
microprocessors were, but I de
cided to go, since th ey were also in
terested in video terminals. 

We got togeth er in G ordon 
French 's garage. It was raining out
side, but h e  h ad h is garage door 
open and 40 of us were crowded in
side. We introduced ourselves 
around th e room. A good many of 
th ose peop le later started th eir own 
personal computer companies
companies like Processor Technol
ogy, Cromemco, and some of th e 
oth er peripheral designing h ouses. 

I learned a lot th at nigh t. I was a 
little bit beh ind th ese goings on. 
Th ere was some discussion about 
wh eth er we sh ould start an 8008 
portion of th e club because G ordon 
French h ad one. He h ad a bunch of 
software h e  was writing for it and h e  
passed out 8008 instruction man
uals at th e meeting. It's probably a 
good th ing we never went in th at di
rection, but focused more on th e 
8080, wh ich was pretty expensive 
back in th ose days, about $270. 

Th at was th e formation of th e 
club. Exciting th ings were h appen
ing and we would· continue to 
meet. 

At about th at time, I h ad a video 
terminal and some video games. 
My terminal was almost complete. 
Lee Felsenstein, wh o later became 
our ch airperson, also h ad a video 
terminal - it later turned into a Pro
cessor Tech nology board. 

I was amazed by th e h igh sch ool 
kids at our meetings. Everyone 
knew th e buzzwords, knew wh at 
was going on and wh ich ch ips h ad 
what kind of instructions, saw all 
t h i s  h o m e/h o b b y  c o m p u t e r  
business th rough th e Mark 8 to th e 
ALTAIR. I didn't know anyth ing. I 
h ad kind of drifted out of my early 
h igh sch ool and college· experi
ences in minicomputers, and I felt 
like a dummy. All th ese oth er peo
ple knew wh at was going on. I was 
certainly interested in wh at th ey 
were interested in. It sparked my in
terest in small computers, minicom
puter-type instruction sets, and 
microprocessors. 
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Forming a newsletter is critical to 
th e survival of a club, because that's 
h ow you get the word out and keep 
th e interest up from month to 
month . Th e first couple newsletters 
of th e Homebrew Computer Club 
were typed on one sheet of paper, 
just a list of names and addresses. 
We also set up a library. G ordon 
French offered to maintain a reposi
tory of software and articles and 
whatever else. He also offered his 
ph one number between certain 
h ours on certain nights. We could 
call h im up and say: "What's going 
on? Do you have one of th ese?" It 
was really a large task for one per
son, so it kept h im busy for much of 
the next year. 

One of th e early topics of discus
sion, wh ile th e club was being 
formed, was how h ome computers 
were about to h appen. Everyone in 
the h obby clubs was saying it, but 
no one anywhere else was. At 
work, I would walk around and talk 
to guys in th e lab, and everyone 
there was the way I had been, iso
lated from what was about to h ap
pen. Possibly some of th e concepts 
of the hobbyists in those days were 
a little off base from wh at really 
h appened, but it was obvious even 
then that th e hobbyists were going 
in the right direction. 

Byte magazine was the first to h it 
th e stands. I was fortunate enough 
to h ave been one of th e first people 
to buy it. People at Homebrew 
were talking about Altair Compu
ters-who had one, who had 
ordered one, and wh en everyone 
was going to get one. Very few peo
ple in th e club at th at time had th eir 
own computers or could afford to 
build one. 

The only way to have a computer 
was to build your own, which a few 
people h ad done. I was putting 
some of th e finish ing touches on my 
video terminal, and starting a file of 
all sorts of microprocessor-related 
information. Th ere were only two 
microprocessors at that time, th e 
6800 and the 8080. Since I was 
familiar with minicomputers, the 
6800 struck me as a more intelligent 
machine to go with. 

I started collecting thousands of 
data sheets on terminals, printers, 
breadboarding accessories, and all 
the th ings that fit into the m icropro
cessor world. Th en th e Homebrew 
Club went into a ph ase of very rapid 
growth . Th ere's probably a few of 
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you in th is room who were there 
and remember it. It was extremely 
exciting. Each two-week meeting 
was th e most important th ing in 
your life. Rumors were flying. Peo
ple were th rowing ideas up in th e 
air and guessing wh at was going to 
happen next. 

Interface Age magazine was intro
duced about th is time. It h ad started 
as a southern California computer 
club magazine. Magazines like Byte 
and Interface Age really h elped 
make the whole thing happen on a 
national level, because everyone 
was getting informed. With out 
those magazines, it migh t have 
taken years for th is thing to h ave be
come a full-fledged major industry. 

A few oth er clubs were being 
formed around the country, and th e 
magazines would list th em. Now 
there are far more Apple Clubs. 
alone than th e total number of 
clubs in th ose days. 

Very few companies were making 
h obby computers back th en. MITS 
and SPHERE and a couple of others. 
These companies were all small 
enough so th at th ey could afford to 
spend time with us. And since some 
of them were local, we were able to 
see some of their very first demos 
even before th e equipment was in 
the stores. We would see some of 
the early equipment, like th e first 
IMSAI. 

A lot of th e club members were 
interesting personalities. We h ad 
fellows wh o would ask around th e 
room, "ls th ere anyone h ere from 
Intel?" If th ere wasn't, th ey would 
donate a bunch of Intel micropro
cessors to a raffle. We h ad our Rona 
Barrett types, too, wh o managed to 
keep th e rumor mills spinning. I 
would say th e rumors were 90 per
cent inaccurate and 10 percent ac
curate, but it was always interesting 
because th ey were digging up in
formation. 

Meetings were like a free forum; 
anyone could stand up and say 
wh at was going on. We h ad a few 
used ch ip salesmen, wh o were 
h ocking ch ips at low prices and 
various oth er pieces of equipment 
like moth erboards and extender 
parts. We'd h ave people who 
would get up and say, "I'd like to 
help anyone with h ardware or soft
ware. " And th ey usually got latch ed 
onto by someone wh o really 
needed a program written. Th ere 
were people wh o would say, "Hey, 
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I need help in this area, can anyone 
help me or locate a part for me?" 

If you think about it, the purpose 
of the club, more than anything 
else, was to facilitate communica
tion. Lee Felsenstein, our chairman, 
organized the club so that we had 
what he called a "mapping period." 
Those who wanted something and 
those who had would stand up and 
say what their need or offering was. 
They would sort of "map" together 
and spot who they needed to meet 
with during our "random access 
period," which was a get-around to 
talk with people who had the same 
interests. 

The Club grew quite quickly until 
we had about 550 members meet
ing twice a week. This was an ex
tremely large number of people 
meeting for something that wasn't 
even making news. 

People also set up demos of 
equipment they were working on. 
That was an opportunity for me to 
show off my video terminal. During 
this period I was designing a 6800 
system, not having any hardware 
but knowing Hewlett-Packard had 
decided on the 6800 as their "stan
dard" processor. 

At the time, I could get some at a 
reasonably low cost-like 40 bucks 
per chip. There was no way to get 
an 8080 that cheap in those days. 
So I designed a system around the 
6800, based on timing diagrams. 
When you're a computer designer, 
you have to look at timing diagrams 
and become intimately familiar with 
how many microseconds it takes to 
get from this phase to that event 
and such. 

About the' same time, which was 
late summer of 1975, a company 
called MOS Technology began 
making news by claiming they had 
a better processor than the 6800, 
that had been developed by the 
same people that designed the 
6800, was hardware compatible 
with it, and was going to be sold 
over the counter (which was ab
surd) for $20. It was amazing, be
cause in those days you always had 
to deal with major companies. Go 
through reps, stocking distributors, 
and the like. And here MOS was, 
selling microprocessors over the 
counter. But a lot of people were 
getting interested in this kind of 
thing. 

I and a couple of other Hewlett
Packard people who were inter-
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ested in getting microprocessor 
chips took this opportunity to visit 
the MOS Technology booth at a 
trade show and buy their new 
microprocessor-the 6502. 

I can still remember the bus ride 
home. We were looking through 
the manual and discovering what 
the 6502 did and didn't have. That 
night, I went to a meeting of the 
computer club. The people from 
SPHERE came by and told us they 
were about to introduce the Micro
SPHERE, which they never really 
did. They also demonstrated a 
larger computer which was like a 
Nova. It had a hard disk with some 
color graphics running to a color TV 
display. In those days, on a hobby 
level, this was unheard of. I was 
very impressed by a color clock on 
the screen, and all the different col
ors, so I got interested in color 
graphics. At the time, it was more 
like, "Hey, this is really neat. But it's 
impossible to do because I know 
about TV, and it's difficult to just go 
out and design a color circuit." 

Once I had the 6502, I started 
thinking about what I could do with 
it. I could have gone ahead and 
built a machine, but I was more in
terested in going through the man
ual and writing some code in the 
native machine language of the pro
cessor. I was used to assemblers 
but, unfortunately, there were no 
assemblers available. So I learned a 
technique that I didn't even think 
was possible: I just wrote the code 
down on paper, filling in the op 
codes and the displacements. 

The first thing I wanted to write 
was a BASIC interpreter because it 
was a hot, catchy language and I 
wanted to do the first one for the 
6502. It seemed like an interesting, 
worthwhile project, but it wasn't 
like it was going to be a product or 
something, just something to show 
off to the club. 

I had never programmed in 
BASIC, although I knew it was so 
close to FORTRAN, which I could 
use, that I'd have no problem with 
it. BASIC seemed to be the favored 
language of the club people. 

I'd have loved to write a compiler, 
but it was more important to get it 
written than to have a full language. 
I made tradeoffs to keep the code 
very small and went with an integer · · 

language. Because I had no assem
bler, I was also forced to have a 
loosely bound program with all the 

PAGE 53 

modules intercommunicating. With 
that kind of code, you need make 
only one change and then, every
thing has to be reassembled. I just 
could not take the time to reas
semble the code myself by hand. 
That forced me into a structure 
where every new feature in the Ian
gauge was added on as a module, 
which actually made the develop
ment go very quickly and smoothly. 

I got the interpreter developed 
and running on some simulators at 
H-P. Then I thought, "Hmmm-1 
don't have any hardware." As far as 
6502s were concerned, nobody 
had anything in their hands except 
a chip. So I pulled out my own 6800 
design, made the necessary 
changes to accomodate the 6502, 
and came up with a reasonable sys
tem that would get me to a point 
where I could connect the key
board and the video display. 

There were few processors in 
those days that had keyboard entry. 
This is what people were beginning 
to do with their ALTAIRS. I had al
ready been through the front-panel 
switch stage and decided from day 
c;rne that you really want a keyboard 
and video display. 

The computer outfits back then 
did not have such things as monitor 
ROMs. It's a crucial thing to have, at 
least for an Apple II type machine. 
So I wrote a monitor. I kept my de
sign small, so it only took me a cou
ple of nights to get it wired together 
by hand and tested. I used my exist
ing video terminal, which was a 
slow speed terminal but compact 
enough to stick on the same PC 
card as the 6502 processor. 

So I got the computer together, 
and borrowed a four-case static 
card from a friend who had wired 
his own card together out of 2102s. 
And I managed to get it to play and 
got my compiler up, so I was able to 
sit down at the keyboard and test 
things out with a miniscule monitor. 
The circuit eventually became the 
Apple I. 

What helped speed up the devel
opment was that every two weeks I 
could go back to the club and talk 
to people and say: "This is what I'm 
doing, " and they would listen with 
interest. 

In November, 1975, I took it 
down to the Homebrew Computer 
Club and ran BASIC for the first 
time. Of course, there were no cas
sette or even teletype loaders, so I 
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had to type in the text by hand. 
After about an hour, I had enough 
of BASIC working that I could run 
some interesting programs. Some 
high school kids who later became 
part of the early Apple crew would 
sit down and type out demo pro
grams. A lot of people were inter
ested because the computer was 
small and compact. 

Shortly after this, I decided this 4K 
RAM board was not the way to go 
because everyone was starting to 
introduce 4K dynamic RAM chips. 
They were much more dense and 
compact than the 4K RAM board. 
So I got some AMI, three-transistor, 
cell design parts, surplus at a good 
price. The part was doomed not to 
be made very long. It was a 22-pin 
package, which meant you could 
connect all your address lines to the 
RAM, but you had to design special 
transistor circuits. You know, I'm a 
digital person. I like digital chips, 
but on these you had to design spe
cial clock drivers. 

I brought the card up on those dy
namic RAMs and it was very impres
sive to take it down to the club and 
show people I was using the new 4K 
chips. In the hobby world, you just 
didn't do anything like that when 
they were brand new. 

Steve Jobs got me some and said 
to me "Why don't you use the 
16-pin chips?" I looked at all the 
data_ sheets and found it was easy to 
interface because you didn't have to 
design an expensive clock driver 
and other types of logic to support 
the dynamic RAM. 

I put these dynamic RAMS on the 
same card with the video terminal 
and processor. It was really quite a 
thrill to look at this entire board and 
know it was a usable computer. A 
lot of people were still talking about 
waiting to get their ALTAIRS and 
switches and maybe buy some peri
pherals someday. 

About this time, those of us who 
were interested in the home com
puter revolution approached man
agement in our lab at H-P and said: 
"Hey, look-with so much RAM, so 
much microprocessor, so much 
video, and a case, you can build a 
computer that talks BASIC and sell 
it for a thousand dollars." H-P had a 
lot of reasons why it couldn't be an 
H-P product. The lab manager said 
it was a great idea for a start-up 
company but wouldn't work for 
H-P. Later, I went through the legal 
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department to get a release for the 
Apple I, which meant that no H-P 
division was interested in it. 

Meanwhile, back at the Home
brew Computer Club, we had 
moved into a big auditorium. My 
favorite place was in the back row 
so I could set up my Apple I stuff 
while the show was going on. 
Everybody there was into this idea 
of the computer being a mother
board, a processor card, and a 
bunch of 4K RAM cards, and maybe 
a video card and an interface card. 
It was just not integrated enough 
and they looked just like all the 
minicomputers, with lights and HEX 
and switches on the front. 

It was a big advantage to have a 
small, low-cost, integrated compu
ter on one PC board, because peo
ple got a machine where they could 
talk to the screen and really do use
ful things in BASIC. 

I started passing out schematics of 
the thing, since we didn't have a 
product or a company at the time. 
I'd go to people's houses and help 
them wire up their own. Steve Jobs 
said, "Why don't we just form a 
company and sell PC boards? You 
know, people really want these 
things, because hand writing is a 
major operation and a PC board is 
very inexpensive." A lot of people 
were offering PC board level com
puters in those days, so I decided 
we'd do it. 

I figured we wouldn't make any 
money at it, but I sold my H-P65 
calculator (partly because I knew 
they were coming out with the 
H-P67) and Steve sold his van, and 
that gave us our starting c,apital to 
pay a PC designer to design it. All 
the user had to do, once he got the 
board assembled, was plug in trans
formers, a video monitor, and a 
keyboard. In those days, it was un
heard of for a hobby-type product 
to be that completely assembled. 

Steve managed to sell some com
pletely loaded boards, and all of a 
sudden we were in the computer 
business. The ALTAIR bus was still 
the big thing in the hobby clubs: 
People would look at Apple and 
say, ''They're just a garage shop." 

If this thing had been designed 
originally as a product, a lot of dif
ferent decisions might have been 
made, such as to use the 8080 or go 
with the S100 bus, and a certain 
type of product that now makes 

SPRING 1981 

sense in retrospect wouldn't have 
happened. 

By the time we made our first de
livery, we were in desperate need 
of a cassette interface. We ended 
up designing our own, and that 
pretty m_uch gave us the Apple I sys
tem. If anyone has one, I wouldn't 
trade it in on an Apple II because it's 
a rare item now. We only built 
about 200 of them, and we only 
shipped about 175. 

The Apple II came out shortly 
after. I had been thinking about 
how to put color on the Apple I and 
about carrying the designs and the 
concept a bit further. By the time I 
had color graphics up and running, 
I would take it down to the club 
every two weeks and show it to 
people. 

We managed to get hold of some 
of the first 16K RAMs coming out, 
because of Steve Jobs's connec
tions, and we shipped a couple of 
32K Apple I systems using 16K 
RAMS. I believe they were the first 
computers ever shipped with 16K 
RAMS, because the manufacturers 
couldn't supply any of the big com
panies yet. 

A lot of Apple I and Apple II en
thusiasm was spurred by the posi
tive feedback I'd gotten at the club. 
It was an interesting atmosphere in 
which to develop a product. 

The main function of the clubs is 
to facilitate communication on vari
ous levels, and the International Ap
ple Core appears to be a very good 
structure to disseminate informa
tion to everyone. 

Question: 
Why didn't you go with the S100 

bus on the Apple? 

Answer: 
If the decision had been made: 

"Let's start a company and sell some 
products into this market," we 
would have gone with the S100 
bus. What happened was that _I 
was trying to build a small compu
ter for myself. And when you keep 
it small and on one PC board, it just 
led to a more natural: ''The micro
processor bus has enough informa
tion, why go with the 'standard' 
bus?" 

It would also have meant going 
with an 8080 processor, which I 
didn't have and couldn't afford. If 
there had really been an S100 bus 
on the Apple computer it probably 
wou Id n't have destroyed the Apple 
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concept. It just wasn't necessary, 
and there are enhancements to our 
buss, such as pre-decoded 1/0, that 
turned out to be much more favor
able. So I'm kind of glad we didn't, 
considering that of all the S100 
companies around, just a few 
emerged as solid companies. 

Question: 
One of the things that makes a 

company really great is allowing 
someone with an idea, regardless of 
how off the wall it is, to play with it. 
Does that kind of thing exist at Ap
ple or is the pressure reaching a 
point where you're on a project and 
that's it? 

Answer: 
That kind of development is very 

much encouraged. A lot of people 
at Apple like myself, Bob Bishop 
and some of the others, have just 
come up with off the wall concepts 
overnight or a weekend idea, a 
weekend project, and there's abso
lutely no problem unless it gets out 
of hand. I would encourage it as 
long as the normal work gets done. 
We have several specific examples 
where that does happen. A lot of 
our engineers come out. of a club 
environment where they did things 
on their own anyway to begin with, 
which was also good. 

Question: 
Remember, that in the design 

days memory was really expensive 
and more characters meant more 
money. A 4K machine was a big 
machine and we couldn't afford to 
supply a video terminal with each 
Apple. We wanted to. cut that cost 
down so we decided, hey, we'll just 
put video out and modulate it and 
go into a TV set and it's a lot less ex
pensive besides, everyone has a 
home TV. You can't put more than 
40 characters reliably on a TV, it's 
that simple, the band width of the 
RF units won't cut it. That's how the 
decision was made. If we knew we 
were going to do a system that was 
going to be used for small business, 
word processing and whatnot, the 
decision might have gone a differ
ent way. 

Question: 
Is it time to think about the fact 

that everyone's getting a VCR? 
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Answer: 
It's funny, but the VCR market 

isn't growing as rapidly as antici
pated, although it seems around 
here that it is. But you read the mar
keting reports and they're not sell
ing many. Maybe in other parts of 
the country. Almost everyone I 
know has a VCR. I think that the 
VCR is a great mechanism. I think 
that there's room for some people 
to design some very simple circuits 
that can transfer data at very high 
rates with sufficient redundancy to 
store large data bases on a VCR and 
even randomly access it. VCRs all 
have the circuitry so you can re
wind it, etc., so you might think of a 
VCR operating system. It's possible. 
It's feasible. One of the problems 
you get into is that, whenever you 
have that kind of operating system, 
you have to have gaps between 
data fields. Let's say you have a VCR 
you can start and stop. Well, the 
stopping· has to be short relative to 
the data time or your tapes going to 
only be ten percent full of data. It 
turns out that in a few inches on 
video tape you can store far more 
than the amount of memory that 
your system contains. There are 
some problems but I wouldn't be 
surprised if it happens anyway. I 
don't know if you're aware of what 
CORVUS has done with their MIR
ROR system, but they back up their 
hard disk on video tape in 10 
minutes. That's a $600 backup 
scheme so you don't have to use 
100 floppies or buy another COR
VUS drive to backup the one you 
have. 
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RESIDENT FIRMWARE UTILITY 
PROGRAMS WILL EXPAND TlfE 
CAPABILITIES AND INCREASE THE 
USEFULNESS OF YOUR APPLE II OR 

APPLE II PLUS! • 

•APPLESOFT EDITROM 
Global search, change, or remove any 
string, variable, literal, constant, or basic 
command word that appears in your 
Applesoft Proqrams. EDITROM uses no 
ram space that will interfere with your 
program. It does not reset any system 
pointers to protect itself and will operate 
with any size system - 16K, 32K, or 48K. 
After EDITROM has been initialized, the 
ampersand (&) command can then be 
used to call the EDITROM back for 
repeated use without readdressing the 
ROM+ BOARD. Completely compatible 
with Konzen's Program Line Editor. If 
PLE is up, EDITROM will keep PLE up 
and allow joint operation. 
Will operate with any version of DOS and 
requires FP in Rom. 35.95

, 

COMMANDROM 
COMMANDROM Is like having a resident 
'FIO' but with more operating features 
and conveniences. COMMANDROM will 
read a disks (13 or 16 Sector) File 
Directory Listing and display the 
following: A Command Menu, current 
drive number, number of sectors used 
and left, number of pages set up to hold 
al! file names, the first page of file 
names, and an indentification letter next 
to each file name on display. Pressing 
any one of the command keys will load 
or run any file (A 'B' file load will display 
start and length addresses.), lock or 
unlock a file or all files, delete a file -with 
verify before deletion, change from one 
drive to the other, read a new disk, 
display a Track/Sector Map, change page 
numbers to view all file listings without 
recataloging, or exit to current language 
or monitor. No system pointers are reset 
and no RAM is reserved for 
COMMANDROM. Requires 48K, 3.2 or 
3.3 DOS and INT or FP in ROM 35.95 

BASICSROM 
Will boot a 13 sector disk on a system 
configured for 16 sector operation. The 
BASICSROM can be addressed on 
coldstart (without Auto Start ROM or 
warmstart (with Auto Start ROM) at any 
time 35.95 

DISK COPY/SPACE ROM 
Duplicates a disk, from either SINGLE or 
DUAL drive, single or dual controller, 13 
or 16 sector and with or without VTOC. 
Options include Gross copy, active 
sectors only copy, DOS overwrite, auto 
boot of copy disk, free space on disk in 
sectors and kilobytes, and lnit and 
volume number are selectable. Requires 
a minimum of 32K 35.95 

•APPLESOFT RENUMBER/ 
MERGEROM 

Made famous by Apple Computer Inc., 
this powerful utility wil! not disturb any 
part of a program in memory, when it is 
activated. Requires 48K, with or without 
Disk II. 35.95 

'YOUR' PLE ROM 
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