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               MSO: A  STARTUP  STORY, by Bill Jordan 
 

Intel had been founded in 1968 as a supplier of memory chips. It was 
intending to be a supplier for the main memories of computers, an application that 
had yet to be proven. At that time I was an engineering manager at Honeywell 
(Framingham, Mass.), designing and manufacturing magnetic core memory 
systems for OEM sales and for use in our line of scientific computers. Anticipating 
the technological evolution, we embarked upon the product development of a 
semiconductor main memory, utilizing MOS DRAM technology. We had an 
in-house semiconductor pilot line and worked with several outside manufacturers, 
including Intel. Our project engineer was Bill Regitz assisted by Hank Bodio.  

During one of our many trips to Silicon Valley, at a low point in our 
progress, Bill and I went for a SF cable car ride to relieve our tensions. I remember 
saying: “Can you imagine, one hundred years ago, some guy told his boss about an 
idea to build a transportation system with five mile long cables? If he could get that 
running, we ought to be able to get the 1102 to work!”  

Intel was the most responsive supplier and eventually, by 1971, with Intel 
parts, we built a system, connected it to our 316 computer, and successfully ran 
diagnostics. 

Bill and I were active crusaders for semiconductor memory, and our favorite 
forum was the Solid State Circuits conference. We had individually presented 
papers, were on stage for panel discussions, and in after-hour bars for spirited 
arguments. In 1971 neither of us was scheduled to present papers. I was told by my 
boss (a plated wire memory enthusiast) that we couldn’t go because of budget cuts. 
We each took a vacation and paid our own way to Philadelphia. During the trip Bill 
informed me that Intel had offered him a job as a chip designer, but he preferred to 
do system design and he didn’t know how to arrange that. I said "I know how, let’s 
send Bob Noyce a business plan". Many of the Intel people knew us since we had 
collaborated with them for over a year. 

Knowing that Bob was a busy guy, I needed to get his attention, so I sent a 
telegram to his home. That’s always dramatic. He immediately called back.  I then 
sent him a six page, 5 year plan, written in longhand. He said he liked the plan, 
especially the IBM add-on business. At that time IBM had 70% of the world 
market, and Intel had no way to sell memory chips to IBM because of technology 
differences. The remaining available chip market (The “seven dwarfs”) was a 
jumble. Also favorable was the fact that add-on memories have a high profit 
margin.  
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However, Bob rejected two parts of our plan. Regitz had to work as a chip 
designer, the 1103 yields were so bad, and we would have no systems if yield 
wasn’t fixed. Also, we couldn’t be based in New England; he had lived through the 
problems of trying to run a division (Fairchild Semi) 3000 miles from corporate 
headquarters. I offered some flailing arguments about earthquakes and Bob 
patiently quoted statistics about New England snow, hurricanes, tornadoes, and 
cold weather. I moved to California and purchased a house with the San Andreas 
Fault cutting directly through my property. 

First I hired Tor Lund as OEM engineering manager. He was working in 
Intel’s Applications Research Department under Ted Hoff. Tor had been building 
memory boards, could design all types of systems, and knew his way around Intel 
and the local supplier industry. Then we hired Bob Sumbs as Marketing Manager 
to help set our business approach. We soon hired Steve Campbell as IBM 
engineering manager, and also convinced Hank Bodio to move 3000 miles to help 
Tor.  

The IBM add-on business was a departure for Intel, since we were selling to 
banks and insurance companies. In addition to getting the products designed and 
into production, we needed to develop a separate sales organization, a maintenance 
organization, and we needed to provide lease financing. Intel’s financial VP, Larry 
Hootnick, assigned Mike Gullard to be our controller, and to help us with lease 
financing and the associated accounting challenges. 

Our OEM systems business was also growing, driven mostly by our long 
term relationship to Univac Corp. Univac had floundered with their plated wire 
memory program and we bailed them out with our DRAM system. Our expanding 
success was followed by moving to our own new building space of 100,000 square 
feet in Sunnyvale. By this time we had expanded to hundreds of employees. At the 
IEEE conference on April 2, 1973, Gordon Moore announced that we were 
promoted to division status within Intel. Years later after Intel stopped shipping 
memory systems, the lease payments continued to arrive like grandpa’s annuity 
checks, the gift that keeps on giving.  
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Background: Honeywell and Intel, The 1102 project 
 

Thoughts by Bill Jordan 
 I was back at Honeywell in the conceptual stages of DRAM. Being 
intimately familiar with the cost structure of both core memories and 
semiconductors, I knew that in order for a RAM chip to compete with cores it had 
to be significantly cheaper than 1 cent per bit. Customers would only buy chips if 
they had a significant price advantage. I also knew that 16 pin (or larger) chip 
products never sold cheaper than $4. Simple math showed that 512 bit chips could 
only approach 0.8 cents/bit when 1024 bit chips approached 0.4. Although 1K was 
a stretch for yields at that time, it was necessary to justify the crossover. I discussed 
this with Bob Noyce and he had already reached the same conclusion. We wrote 
our development contract on that basis. Intel eventually introduced the 1103 at $60 
in small quantities and made production orders for $4. 
 Even though many potential users thought that the DRAM timing and 
electrical interface requirements were hopelessly complicated, I had always felt 
that we were developing the equivalent of a magnetic core stack which historically 
had much more complicated interfacing requirements.  
This is part of an interview by Dave House which shows some background stuff 
about the 1102 substrate bias problem. It was done for SILICON GENESIS on 
9/27/05. (3C was Honeywell’s Computer Control Division). 

“…….I was designing this machine. It was inside of 3C; there were code 
names and they were always X something, and my machine was the X12, this 8 bit 
machine, because that was the next number in the sequence. We had a memory 
development group. Bill Jordan ran the memory development group. I was in 
charge of the processor design but I would go to the memory development group 
and contract with them to have the memory designed.  I went to Bill in need of 
core memory for this machine.  Bill came into my office one day and he said, you 
know Dave; I'd like to put a semiconductor memory in this machine. I said what 
are you talking about? And he said, you know, there's this new DRAM by Intel and 
I said what's a DRAM? And he said well it's a Dynamic Random Access Memory. 
And I said so what's dynamic about it? And he said well it stores the charge on a 
floating gate. And, of course, you have to refresh it. And I said what do you mean 
you have to refresh it? You have to go back and read it and rewrite it periodically. 
How often? And he said every millisecond. I said the machine's not going to do 
anything but refresh itself. No, we'll have special control circuitry to do that. I said, 
I don't know, so what happens when you turn the power off, Bill? Well you lose all 
the contents. I said with core memory, you can turn the power off and turn it back 
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on again and reboot it. He said well no, we can't do that with this. I said no way 
Bill. We're not going to do a semiconductor memory. So we go off and Hank Bodio 
was designing my core memory. Bill Jordan later came to me and said, you know, I 
have my own little research budget and I would like to design a 1K DRAM (at that 

time it was called an 1102 memory) that's plug 
compatible with the core memory. And, I'll do it on my 
own funds. I said well, help yourself, I don't care, I'm 
not going to count on it. Bill Regitz was in charge of 
that design. And so, sure enough, I had a core memory 
and I had a semiconductor memory. I was following 
the development of both, but mainly the core memory, 
which was working fine.  I knew the semiconductor 
memory wasn't working and so one day, Bill Jordan 
came over and he said you got to come see the 
memory. It's working. I went over and here's a printed 

circuit card and they've taken and soldered a wire to the gold lids of all the white 
1102 packages all the way around it with wire's going up this power supply. 

And I said well, what's that? And he said well we discovered that you have 
to back bias the substrate and you see the lid is connected to the substrate. And so 

by connecting a voltage three volts 
more negative than the most negative 
voltage, we could back bias the 
substrate and then the thing works. I 
said well that's great but, you know, you 
don't have another pin. You've used all 
sixteen pins. Of course, sixteen pin 
DIPs were the most common. I said 
that's not going to work. And the next 
day I get this memo and the subject line 
is "Industry Standard 18 Pin DIP". And 
I go back to Bill. I said, Bill there is an 
18 pin DIP. How can it be? Oh there 
will be because we're going to make 
one. And I said oh that's never going to 
happen. Of course, it did happen…” 
 

 
Figure 2 1102 DRAM Memory 

Figure 1 1102 Memory Board (16 pin 
package) 
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Intel Switched to the 1103 
Comments by Bill Regitz 

The 1102 chip size was slightly smaller than 1103, so therefore should have 
higher yield and lower cost which was needed to drive the technology change from 
core to semiconductor. However the 1102 needed an onboard analog circuit, called 
IVG (Intermediated Voltage Generator) that was hard to control to the needed level 
across the process range, thus it had poor yields. Intel made this decision, which I 
was very disappointed, but supported. I then went to work for Intel and played a 
significant role in ensuring the 1103 worked in all applications, had high yield and 
hence low cost. MSD played a significant role by helping to understand the design 
issues, Bodio Effect and others. They relaxed specs to use up the finished product 
not wanted by other customers.  

The 1102 cell was tried again in the 2107, Intel's first 4K Dram. It again 
never made production because of design/yield issues. It lost out to the one 
transistor cell DRAM. 
 
 

Figure 3 1102 Memory Board (18 pin package) 
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Figure 4 1102 and 1103 Memory Cell Schematics 

 
Comments by Bill Jordan 

At a computer show in 1972, 
Honeywell proudly demonstrated their 
H-316 computer modified to run with an 
1103 memory.  

They claimed it was the first 
computer demonstrated at a computer 
show with an all semiconductor main 
memory. But then, for reasons un-related 
to the memory, they elected to not market 
that version of the H-316. 
 
 
 
UNIVAC 
Thoughts from Bob Sumbs 

As you remember it was a tough sell in the early days of Intel MSO.  We 
were fighting core memories which were less expensive at the time and had 
non-volatility capabilities.  The biggest problem was the Intel sales force that had 
no idea what a memory system product was and were not willing to be 
educated.  At the time Intel had a great many independent Rep organizations 
working for them and this is who I concentrated my efforts on.  They were hungry 
to get commissions and were willing to work with us as bird dogs to at least smell 
out leads and call for help when they found something interesting.  This involved 
a great deal of travel on my part and also on other early members of the Intel MSO 
engineering staff.  At that time most of the sales were for individual boards or 
small systems for specific applications.  One of the big sellers was the 2102 board 

Figure 5 1103 DRAM Memory 
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that was made into a large system for a government agency and also was used by a 
couple of medical system companies.  We plugged along with random sales, 
including a system for a south California company which was doing machine tool 
control, until our first big break which was a system for Univac.  

A funny part of this was I had sold a system to the University of Mexico, 
which we built, but I would not release it until we received a letter of credit to 
cover payment.  They kept saying the payment was coming and in the meantime 
Hank Bodio and Dick Belanger kept giving me a bad time about selling to a 
phantom university, they even delivered the system to my desk!  Well, when 
Univac said they wanted a prototype fast, the only system we had was the Mexico 
system, so you guys wire-wrapped the Univac interface to it and we delivered it 
within a week. So, I turned from a goat to a lamb in one week. 
Thoughts from Tor Lund                                                                                    

At a follow up meeting at Univac, Bob Sumbs, Gene Kruscke and I came 
into town the previous night and we had a 9 AM meeting in Univac Blue Bell. It 
was raining cats and dogs and Bob, who was the driver, claimed he knew how to 
get there from downtown Philadelphia. The truth was we got lost and Bob was 
smoking his cigar and spitting stuff all over the windshield blaming the road 
system. We got to Blue Bell 15 minutes late, where three Univac VPs were waiting 
for us. The meeting went well and I never was late for a meeting after that. 
More thoughts from Tor Lund                                                                                   
 Over time we produced three product lines for Univac. The first one was the 
new memory for the 9400 because Univac had lost the formula for how to make 
plated wire memoryi, which was the original memory for the 9400. We used 
standard IN-10 boards and built a custom interface to work with the 9400. The 
original box was shipped to Univac in 1Roseville, MN and to say that the 
engineers there liked the development was not true. One engineer pointed out to 
me that the cover on the power supply tray was not sturdy enough to be used as a 
step ladder. This required a troubleshooter on Bert Boshe’s staff to fly out to 
Roseville to calm their nerves.   
Univac Production Contract 
Reflections by Bob Sumbs 

One of the stories was when we went to Univac to agree on the first big 
contract with them. Bill J. had just been promoted to a corporate officer of Intel 
and we went to Roseville in Minn. to talk about a large contract with Univac. We 
haggled on the price and suddenly Evert Baeher, the purchasing manager, 
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presented us with a signed contract from them and asked Bill to sign it also. It was 
for over 25 million dollars and suddenly we were faced with becoming a 
manufacturer of memory systems from a shop that before mostly sold memory 
boards and small one-off custom products to a real division making a large quantity 
of systems.  

Bill said I need to go to the bathroom and he motioned me to go there too. 
So here we are standing at the urinals discussing whether Bill had the authority to 
sign off a contract that large and committing the company. He said I probably 
should call back to make sure everything is fine, but trying to explain to Bob and 
Gordon what we were doing and getting everyone involved might make Univac 
nervous. So Bill says, what the Hell, all they can do is fire us. This was our big 
chance to become a real profit-making group at Intel, so he says if you sign it I 
will. I explained to him that my signature really meant nothing, but he said if I get 
fired, so will you. So we left the bathroom and signed the contract, me first and 
then Bill. I have to commend Bill for having the "guts" to do it and from that point 
on we were a real division and not a little plaything at Intel. Once we started 
making these systems and proved we could do it, more business came and we also 
started in the IBM add-on business!! 

Univac 9300 
Thoughts from Tor Lund 

The 9300 was a card system and adding the Semiconductor memory to the 
system extended the life for about two years. 

Univac 1108 First Shipment 
Thoughts from Tor Lund 

The big Univac project was the Univac 1108 memory system. It was used on 
their biggest computer and installed at factories and banks. This is the system 
which was plagued by loose particles. 

1103	Loose	particles	problem	
Thoughts from Tor Lund 

The big Univac project was the Univac 1108 memory system. We built the 
system using ceramic 1103s because Univac believed that the ceramic reliability 
was better. This system had thousands of devices in each memory box and had 
problems with random double bit error.  
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This is the system, which 
was plagued by loose 
particles. Univac discovered 
the problem. Whenever 
they moved a perfectly 
good computer, it became 
full of memory errors. 
Albert Yu had a hearing-aid 
like device that could listen 
for noises of particles 
rattling around in ceramic 
packages. He used it as a 
diagnostic tool, finding 
packages for autopsies, 
which lead to the source of 
the problem. The problem 
was caused in component 
assembly.  Numerous 
packaged devices with open 
tops were stuck onto a 

Styrofoam board during inspection. After inspection, the boards were stacked up. 
The Styrofoam boards picked up residual bonding wire tails on their bottom side 
(electro statically) and later dropped them into the ceramic cavities below, to be 
sealed in.  Intel corrected that assembly process, but we were stuck with many 
units in inventory and in the field. Albert also measured the statistical incidence 
which determined that we could screen it out of assembled cards. His device 
wasn’t practical as a production screen.  We employed the “Branford” vibrator 
(shaker table) to re-screen everything in inventory, in the field, and in process. 
Univac was furious since they paid extra for ceramic, thinking it was more reliable 
than plastic. Andy, Albert Yu, and Bill Jordan went to Univac for a mea culpa visit. 
It was the only time that anyone ever saw a nervous Andy tremble. To reduce (or 
compound, depends on what side you were on) the problem, Andy agreed to buy a 
Univac system for the Intel computer center. Larry Hootnick was writing memos to 
cover his butt, for everybody knew that you only bought IBM systems. After we 
corrected the inventory, Andy hosted a celebration party with Lucite paper weight 
party favors showing huge loose wires in the ceramic packages.  
 
  

Figure 6 1103 Memory Board (80 devices) 
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COMMON MAN ENVIRONMENTAL TESTING 
Memories by Ross Roberts 

Dick Belanger (MSO manufacturing) and Hank Bodio (MSO engineering) 
were driving forces in making things happen. Hank used the burn-in chambers to 
warm pizzas. When the Univac 1108 memory system cabinets came in (the big 
double bay cabinet frames) Dick and I stored several in Hank's office while he was 
out on vacation. There was the time Hank and I rigged an air duct from the AC 
outlet to the back of a Univac system to test for low temp operation. Hank cranked 
up the building AC to max, and we froze up the rooftop unit much to the dismay of 
our facilities organization. Univac system vibration testing was done by rolling the 
units out of the computer room and running them a couple times around the 
parking lot and bringing them back in for final testing. (I still have the run time 
clock from the debug phase of the first unit) Then there was also the 2 by 4 drop 
test. A quality control person (whose name escapes me) would take a 2x4, lift a 
corner of the unit about 3" off the floor, then yank the 2x4 out. Also, there was the 
"rake" test; the back end of a screwdriver was dragged across the memory boards 
in the cabinet to try to detect any loose bonding wire tails that were in the 1103 
CERDIP packages. 

I remember getting a call at 9:00PM from Dick to come in and debug power 
systems for one of the other single bay Univac systems so he could get them on a 
truck before month end. 

IBM 
Tor Lund 

Here is another thought for all these new young techies: The first IBM 
Add-on we did was for a 370-155. The box measured 4’ x 4’ x 5’ high. Fully 
populated, this box with the built in Power Supplies could hold 1 Megabyte (That 
is not a typo) and we sold it for $750,000. IBM at the time was selling their 
memory for $1.2 Mil. 
Thoughts from Paul Bonderson 

We had many troubleshooting calls all over the world.  Local support guys 
would work the issue then call the specialist.  If the specialist couldn't fix it then 
the engineers would get called in. Local IBM guys hated us but usually by the time 
we got called in, the IBM specialist was there and we all cooperated to get the 
customer up and running. Probably the neatest and hardest problems were 
intermittent double bit errors. The worst one was at PEPCO (power co.) 
Washington DC.  They would get an intermittent double bit error maybe once 
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every two to three weeks. Nobody could figure it out, including me.  So we 
borrowed Ed Metzler from your group to go out with me to see what we could 
find. We schmood the machine, we vibrated cards; we zapped the machine with 
static electricity. We did everything we could, but could not make it fail. So before 
we left the site Ed suggested we take samples of the dust in the computer room to 
see what was there. Low and behold right next to the CPU and memory was a 
microfilm machine for microfilming the company records. There was silver oxide 
in the dust that was being sucked into the memory frame. That along with the 
silver-plating on the driver chip dip legs silver migration was occurring between 
pins of the drivers. Poor design on the driver, -12 volts and +12 volts were next to 
each other, a microscopic bridge would form, a failure would occur and the bridge 
would melt itself thus fixing the problem. Ed took a control board over to Santa 
Clara, duplicated the environment and filmed it happening under the electron 
microscope thus proving the problem. The fix was to scrape between the leads of 
the drivers and conformal coat the drivers. We did it to a set of boards for PEPCO 
and installed them; no more failures.  That would have made a great episode for 
today’s CSI shows! 

Almost all service calls I went on were intermittent failures and tough to 
find.  Lots of times it ended up being a tri-lead with a broken ground wire. We 
could usually find them by margining the machine and zapping it with static 
electricity. We had an IBM zapper that had different antennas that you would use to 
locate the frame then the backplane, the card and then a hooked antenna you would 
place around the tri-lead. If the tri-lead had a broken ground it would almost 
always fail if you zapped it. The bad thing about the zapper was that you might 
work for 20-30 hours troubleshooting, get a bit rummy from no sleep, then forget 
to turn off the zapper and pick it up to move it. Boy you would be amazed at how 
fast 25,000 volts pulsing on and off can wake you up!   

IBM LEASES 
Thoughts from Bob Sumbs 

The first approach was to build add-ons and sell them through Itel, CiG, 
OPM, and Storage Tech systems. This appeased Intel management as some one 
else was responsible for the maintenance and sales force. This got us into the 
business, but after a time we found these outlets were not selling enough units for 
us and we were having to give them big discounts and were not able to build units 
on a regular basis since their forecasts were poor. So, we made the decision to go 
direct and finance the sale of the units through Intel who had plenty of cash on 
hand.  
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Once we made the decision to go direct to the end user we had to hire a sales 
force to cover the major cities where IBM equipment was located. We also had to 
set up a maintenance force to service our equipment, since you could not sell the 
memories without service. We then sold equipment to some of the major banks, 
financial institutions, credit card and insurance companies, which would not be 
normal Intel component customers. This added a great deal of revenue to Intel 
from MSO. 
Mike Gullard 

I don't remember the date we started leasing though it would coincide with 
hiring Steve Schlumberger and it was still generating monthly payments when I 
left Intel. I think it was 1975. 

I most vividly remember selling the add-on memories to the leasing 
companies before we went direct. The two major companies in the US were OPM 
and Itel. OPM was a real trip. I think the initials stood for Other People's Money. 
We once sent Eli Morowitz to New York to collect a payment they had been 
promising us. The payment was big enough that the interest on it for a couple of 
days more than paid for Eli's trip. The OPM founders were later found guilty of 
fraud and went to prison. They were submitting leases for non-existing equipment 
to the bank for financing. 

I also had to educate the Intel Executive Staff on Present Value of money 
and sell the concept of PV accounting. I remember lugging a small-suitcase sized 
portable computer terminal with an acoustic coupler to an Executive Staff meeting 
and running "what-if" scenarios on the Ross Systems time share PDP-10. Ken Ross 
had developed a spreadsheet tool that pre-dated Visi-Calc. 

2147 ISSUES 
Thoughts from Tor Lund  

The C2 contract was a bailout for IBM. They could not deliver adequate 
amount of 168 memory to their customers, so in their attempt to not get into 
delivery problems, Intel MSD was chosen as a supplier for all their in-house 168s. 
The original memory in their internal systems were shipped to external customers. 
The contract was for $30 M and had to be shipped in 6 months in the form of a 
BSM (Basic Storage Module). In order to ship a good product, we rented a water 
cooled 168 CPU which we installed in Bldg. 2 in Sunnyvale. After completion of 
the project, Computer Services used the machine to run business applications 
before the 168 was shipped to Phoenix. 
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We had a burning problem with the 2147 used in the IBM add-on sold to 
IBM. A few devices caught on fire. Device Reliability with Mike Geilhufe solved 
the problem very quickly to the complete satisfaction of IBM and the C2 program 
continued. IBM C2 $30M contract was executed. 

BIZERBA 
Thoughts from Gary Wood 

Bizerba was founded in 1966 as a meat and cheese scale company with an 
extremely precise mechanical measurement system, much of which was built for 
them by Porsche. Management knew that had to move into modern times with 
electronic scales to stay viable. They produced a specification for a microprocessor 
based control board, which landed on my desk. I was Intel’s Custom 
Microprocessor Department.   

The scale had to interface with their weighing mechanism, keyboard, and 
display and work in 39 countries with differing currencies, different ways of 
displaying and printing the price per weight, the measured weight, the resulting 
total price, and weigh in both pounds and kilograms. 

I designed an 8080 based board set to provide the necessary interface 
functions and set about to develop the software to run the scale. Picture their 
state-of-the-art software development (I don’t remember the date but it was after 
the Civil War). 

Eventually it all came together, and functioned correctly, but required a lot 
of tweaking because what couldn’t be specified was the “feel” of the new system.  
Bizerba’s final quality tester, Herr Goebbles (probably not the same one!) tested 
and signed off on every scale that left the factory. When he threw (literally threw) a 
simulated piece of meat on the scale, the scale had to not be too quick or too slow 
at determining the weight. Furthermore, the displayed weight could not flicker 
between two values as wind currents and vibrations affected the measurement. But, 
it had to be sensitive enough to prevent a butcher from placing his thumb on the 
scale and affecting the results…yeah that was fun!   

During final acceptance of this first product, Herr G. used a little wheel 
mechanism to lower individual gold necklace links onto the scale to make sure that 
the displayed weight did not change to the next higher fraction of a gram until the 
proper moment. Yes, that was fun too! 

While the main program was stored in ROM, I used a PROM to make the 
scale function in all the different countries. The PROM held the unique values and 
program parameters for the specific country. I was hauled up to Bonn, Germany to 
visit with their equivalent of our Bureau of Weights and Measures. They were 
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apparently concerned that some unscrupulous butcher would convert his 
knockwurst slicer into a PROM programmer, unlock the secrets of my spaghetti 
code, and cheat some fraulein out of her pfennigs. An international incident was 
avoided when the Bureau accepted my solution of using a thread tied around the 
socket mounted PROM and sealed with an official blob of Bureau goo. The scale 
police could then inspect for tampering. Brilliant! 

The first board set was eventually replace with 8085-based board containing 
the processor, memory, interface logic and all the scale displays which provided 
Bizerba with a much more cost effective solution. On this board, I had selected a 
red, 7-segment LED from HP. I believe there were about 21 of the LEDs on each 
board. Several years later, HP sent me a photo of their CEO presenting Bizerba’s 
CEO with a solid gold replicate of the red LED for having supplied them the 
1,000,000th LED. At 21 LEDs per board we must have shipped in excess of 50,000 
boards to Bizerba. Bizerba got a solid gold LED; I got a photo!   
Thoughts from Gary A. Andersen 

Bizerba designed the first microprocessor-based meat scale for grocery 
stores and meat markets. The original order was for 5,000 boards, but several years 
later I talked to Don Olker, who replaced me when I left, who told me that a total 
like 50 or 80 thousand were shipped.   

The purpose of the product is to be able to sell the same meat scale 
mechanism in any country and only change a ROM to adapt to the weight and 
currency system of each country. Two engineers came to accept the design. A Herr 
Berg, who was a very quiet and studious engineer whose father had worked at the 
Zeppelin factory located on the Bodensee before and during WWII. He brought a 
1929 issue of Scientific American, which had a picture of the Lick Observatory on 
Mt. Hamilton and an article of its dedication. 

The other engineer was Herr Kuhnle, who was a dapper gray haired German 
who wore driving gloves and a black leather jacket. One day he was very sad.  I 
asked him what was wrong and he told me that it was his 60th birthday and he 
missed family and friends back in Balingen. I offered to take him to the Carnelian 
Room on top of the Bank of America building for dinner and he accepted. We 
stopped by my house before driving to San Francisco. When he met Marge, he 
bowed, clicked his heels and asked her what her “girl name” was. When she said 
“Miller” he became even more animated, “You were Fraulein Mueller!” 

Dinner dragged on with a lot of wine. As we sat there enjoying the view, the 
fog started flowing in through Golden Gate. Herr Kuhnle leaned towards me and 
said, “Herr Andersen, do you know vhy the fog comes through Golden Gate in the 
summer? “It is because the Central Valley heats up and draws the colder air and 
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moisture across the bay.” I asked him why he knew so much about meteorology 
and he responded, “I was a meteorologist with the Luftwaffe!” Having had just 
enough to drink I asked, “What did you really do?” He responded, “I vas a tail 
gunner!” 

After dinner we walked through Chinatown towards our car when Herr 
Kuhnle got very excited. There was a Chinese market, where the shopkeeper was 
in the process of closing down. Kuhnle banged on the door, scaring the hell out of 
the poor guy. He finally opened and Kuhnle said, “That is a meat scale that I built.”  
The store keeper said, “So what, it doesn’t work.” So for the next two hours, Herr 
Kuhnle took apart the machine and repaired it. It turns out that Bizerba had only 
sold about 100 machines to the US market in the late 50s and early 60s, then 
abandoned the market and he had assembled every one of them as a young 
technician. 

We finally got out of San Francisco about 3AM and my wife was not happy 
when I came rolling in at 4AM. An interesting update on Bizerba: I have not seen 
any Bizerba meat scales other than the one in Chinatown or in their factory in 
Germany, but my local Kroger store has Bizerba meat cutting machines. 
Thoughts from Jack Faraone                                                                                        

Only story of any interest, or humor I guess, would be, when I lived in 
Brussels, one trip, for a couple of weeks, to work with Bizerba.  They had a 
software bug that Gary and Randy were working on but they wanted a body 
there. They sent their private jet (Cessna Citation I think) to Brussels to pick me 
up.  Landed on a grassy hilltop in Balingen, Germany.  Nice system, no customs if 
you have a private jet.  Anyway, I get off the plane and get greeted by XXX (can't 
remember his name anymore) and he says in English with a heavy German accent 
" You vill work on the problem here and you vill stay here until it is working.  We 
vill send for your wife, we have very nice Christmases here in Balingen."  My wife 
Lynda did come out and it was a very nice little company town.  Fortunately, Gary 
and Randy did find the problem after a week or so, interrupts didn't always 
properly save the state and every once in a long while, the display would get 
corrupted. 
Thoughts from Bill Jordan 

I remember meeting the Bizerba patriarch for lunch at a big table with 
several Intel people (Me, Tor, Gary A. (?), Sumbs (?)) and several Bizerba people. 
The imperious Herr Kraut held court, leading the conversation. His family had 
controlled his city (Balingen) for generations. He was proud to have been a 
Luftwaffe pilot in WW2. He asked each of us around the table what country we 
were from. I was confused, knowing we were all Americans; but I eventually 
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interpreted that he was interested in our ethnicity. I think he was intrigued by our 
American melting pot. I answered that my ancestors were from England. He 
responded: “Ah! Englander!” (He appeared as a perfect Otto Preminger from 
Stalag 17.) 

Later while alone in the men’s room with Tor; I said, “Do you believe that 
guy?” Tor, with his characteristic curmudgeon response said: “That sonovabitch 
was probably dropping bombs on me when I was a little kid” 

OTHER PROJECTS, OTHER PROBLEMS. 
Burroughs 
Thoughts from Tor Lund  

 We also built a memory system for the Burroughs’s BSP. This was to be a 
parallel processor and was aimed at the scientific community. The project never 
took off. We ended up with two systems shipped, and then the project was shut 
down at Burroughs. 

DEC 
Thoughts from Tor Lund                                                                                     
 We also had a very successful DEC add-on to the PDP70. We sold this to 
DEC customers. It was designed by Don Olker and our field service people really 
liked it at the beginning. They collected service revenue, but did not have to repair 
anything. Later when none of the customers renewed the service contract, it was 

not so well liked by our field service 
people. 

Alpha Particles and DRAMs 
Background by Tor Lund 

 DRAMs store data as an electric 
charge in the very tiny capacitance (femto 
farads) of an MOS gate. A small amount of 
energy from an external source can force 
data errors by inadvertently discharging 
the capacitance. Such a problem subtly 
surfaced for Intel in the mid-seventies. Ed 
Metzler observed soft errors in a 2107 
(4K) system, and demonstrated a potential 
cause, radiation. We assembled a cave 
using lead bricks, ran tests, and ultimately 

Figure 7 2107 4K DRAM 



19 
 

proved that the source of energy was not from the cosmos, but from within the 
2107 packages. Alpha particles were emitted from the radioactive decay of 
impurities in the package materials. The package factory was located downstream 
from a uranium mine. Even Gordon Moore become personally involved with this 
scientific project. The problem was ultimately corrected at the package vendor. 
Thoughts by Ed Metzler 

The University of Illinois system was based on 2107B 4K DRAMs. It was 
the start of soft error research for me. That system had thousands of new 
ceramic-lidded devices. Single bit errors were correctable with ECC. So, when we 
ran it overnight for the professor, the error log I built had captured many. He 
thought nothing of it since there were no uncorrectable errors. We thought 
differently and, after researching cosmic rays, I tried a Polonium 210 source on an 
unlidded 16K and it barfed errors. I told this to Tim May and the rest of history, 
which does not seem to contain my name.ii 

MSO FACILITIES 
Memories by Bill Jordan 

In the spring of 1971, MSO joined all the rest of Intel in occupying the 
(24,000 sq ft) former Union Carbide Electronics building at 365 Middlefield Road, 
Mountain View. This was diagonally across the street from the intriguing watering 
hole, Walker's Wagon Wheel. By summer, most of Intel moved 5 miles down the 
road to its brand new (78,000 sq ft) facility at 3065 Bowers avenue, Santa Clara.  
But, Fab 1 remained in the back of the Mountain View facility, and MSO occupied 
the front.  Interestingly, this leased building was owned by the football legend, Y. 
A. Tittle.  When he came around, none of the nerds were impressed; I was.  By 
1972, MSO expanded into the building next door, formerly the Fairchild Personnel 
building.  

In the late fall of 1973, having signed our production contract with Univac, 
we needed to find more space to set up a production line for 9400 memory boxes. 
We approached Perry and Arrillaga, the largest industrial real estate developer in 
Silicon Valley. John Arrillaga proposed to build a (50,000 sq ft) tilt-up facility in 
Sunnyvale, three miles east, within view of Moffitt Field. Being concerned about 
our production delivery schedule, I requested a penalty fee if they didn’t complete 
the building by June 1974. The formidable John Arrillaga pointed out that a penalty 
was reasonable if they also had an incentive payment to complete construction 
early. I agreed, thinking it was impossible for them to finish as early as February.  

Arrillaga relished the challenge of beating the building schedule and 
marshaled an army of contractors who amazingly completed the building by 
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February. I had visited during construction, and workers were shoulder to shoulder 
with trowels, paint brushes, and screw drivers all along the walls. I dreaded 
attending the Intel board meeting where I had to explain my expenditure of a 
five-figured incentive payment. Fortunately for me, at that same board meeting, 
Intel was agonizing about the weather and labor delays in constructing the Oregon 
plant, so I didn’t get eviscerated. 

Approximately a year later, we built a twin building next door to our 1302 
North Mathilda Ave. Sunnyvale factory, bringing our total size to 100,000 sq feet. 
We connected the buildings with a covered causeway to enable comfortable 
movement during the rainy season.  

John Arrillaga, who had been a Stanford basketball star in the 50’s and a 
very impressive human being thereafter, went on to become a billionaire and noted 
philanthropist. 

MSO Flunks a Mr. Clean Inspection 
Comments by Milo Medriano 

It was Neverland in Silicon Valley.  It was a time when everything was 
new.  We got to make it up as we went along.  It was a bunch of kids working for 
older kids.  There weren’t a lot of rules.  No one talked about sexual harassment.  
Microprocessors and political correctness had not been invented.  We worked 
until the job was done and then we partied.  It was simple. We worked for Dick.  
Dick was a big kid with a deep voice.  He had our respect and we followed him.  
He set the example for working hard and playing hard. He loved to laugh.  He 
was our Pan. 

I was the kid in the back that did shipping and receiving.  One day I got the 
great idea of hanging a Playboy centerfold in a corner of our shipping receiving 
room.  No one would even see it.  A lot of the kids would come back to our area 
to look for incoming parts or take a break.  The centerfold got a lot of attention 
from most of the guys.  Soon some of the guys were bringing centerfolds to add 
to the corner walls.  The gallery grew over night and covered the entire corner of 
the room.  Most of the guys would stop by to see the latest pin-up while others 
were curious about how dumb I was.  I probably got credit for all the pinups but 
all I know there was no way I could have afforded all the magazines and pay my 
rent at the same time.  It was a great collection.  Pan would come by, make a 
comment and leave with a smile. Neverland always has a Captain Hook and we 
had one.  I remember Hook as a very intense individual.  He even danced 
intense.  He definitely was a grownup.  Hook loved two things, Management By 
Objectives and Mr. Clean inspections.  Mr. Clean inspected manufacturing areas 
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to make sure everything was in order and areas were clean.  As I recall, Hook 
even wore white gloves.   

On this particular Mr. Clean I can’t remember why the centerfolds weren’t 
taken down, but they weren’t.  It was Pan that escorted Hook through the area.  
Hook was not pleased.  Pan sheepishly shrugged his shoulders and then they left 
to continue their Mr. Clean. Boy was I worried.  That could have been the end of 
my time in Neverland.  It certainly would have been the case today.  Anyway 
Pan came back a little later and almost apologetically said, “You gotta take 
everything down.”  We took them down immediately.  I was okay with it.  I 
was still employed.  I didn’t even get a warning.  Then it struck me.  Pan 
probably took the bullet for me. 

That was life in Neverland.  It was a lot of work because we were doing 
things that had never been done before.  It was so much fun because we were all 
kids.  Even the grownups could be kids.  When we get together it’s always fun 
and we always always laugh a lot and marvel at the things we got away with. 

A little while ago, I attended a service to celebrate Pan’s life with some of 
the Memory Systems kids.  Again we all shared stories about Pan and Memory 
Systems.  Again we all laughed.  We were reminded of stories that we have long 
since forgotten.  And even if the story wasn't funny we laughed.   

During the service Wayne apologized for a trade we had made during our 
Memory System’s days.  He traded me shares of Intel stock for a motorcycle.  
He wreaked the bike.  I sold the stock after it dropped in price.  We were both 
idiots.  Oh but we could still laugh cause it all happened a long long time ago in 
Neverland. 
Comments by Bill Jordan 

I’ll never forget when Mr. Clean (aka, Andy Grove) descended on my office, 
outraged because we had “porn” on display on our shipping dock. I must confess 
that I had been negligent in not being aware of this display and I probably would 
not have allowed it. Even the free-spirited Dick (Belanger) quickly corrected the 
problem (although he felt these harmless pin-up pictures did not fit the definition 
of pornography). 

I had previously worked at a company that had a similar problem in 
someone else’s department. That problem was solved when a group of offended 
secretaries, snuck into the shipping dock and pasted paper-doll bikinis on the 
offensive calendars. The embarrassed shipping department got the message! 

LIFE AND TIMES AT MSO 1972 – 1976  
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By: Ron Rivera 
We all remember the ski trips, rafting at Angel’s camp, motor cycle trips, 

concerts, hockey games, football tailgate parties, canoeing, salmon fishing trips, 
kite fighting over Moffett Field and pizza parlor bashes. Speaking of parties, and 
please remember that this was the hippie era coming into the 70’s from the 60’s, 
where for some, embarrassments nearly existed and everything was “far out”, not 
to mention burning brassieres. As a matter of fact, communes were still in.  

A particular highlight was at a party at the residence of MSO’s favorite 
marketing child, Gary. In the early 70’s, life was still simple but that didn’t stop 
some of us from complicating traditional gatherings. Roasting a pig on the ground 
was normally done in distant Hawaii, but that’s exactly what we did in the hills of 
Los Altos. With the yard torn up and the succulent pig roasting, smoke filled the 
neighborhood skies, not to mention aroma of island marinade.  Loud music and 
fishing tales by Dick carried on, but wait, there’s one more highlight of the 
evening! While the guests are enjoying, it got quiet for a moment and a shadow 
appeared from a short distance. “AHOY”, it was a naked figure. Jumped in the 
pool, the shadow did, swam across the length of it and came up the other side! 
Yeeooowww! I do believe streaking was a first experience for all; or perhaps, most 
of us. Not that roasting a pig was an event pretty new to the natives of the valley, 
but in the city limits of Los Altos?!? Seemed like double trouble; Los Altos is a 
high rent district and streaking for added entertainment? I thought we were in a 
Woodstock social with NA-KA POKI, Hawaiian style! 

Intel brought us together with good intentions and most rewarding of all, we 
had harmless and unusual sharing of great company.  

Comments by Bill Jordan 
By the way, I remember that party at Gary Webb’s house. It was the wildest 

party I had ever gone to! The naked streaker (who jumped into Gary’s pool) was 
the wife of a husky co-worker. Wearing a speedo, inebriated, and always gallant, 
Dick Belanger wrapped her in a towel and led her to a poolside bathroom to help 
dry her off. The enraged co-worker pounded on the door, and fearing for his life, 
Dick squeezed out the tiny bathroom window and ran for cover. Later, while 
graciously saying good-by to his guests, Gary (in a bathrobe) kept covering his 
wife’s face with his robe so none of the drunken guests could kiss her goodnight. 
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SHUTTING DOWN MEMORY SYSTEMS 
From a 1999 Intel oral history interview, by Bill Regitz 

“…………Intel made the decision to get out of the memory component 
business as Japan Inc came on line. As a result, Intel reorganized and combined 
MSO into another system division whose home had been in Deer Valley. I was 
purchasing more memory from NEC (and others) than most computer companies. 
This fact, coupled with the fact that the customer base was very different than 
those using our microprocessor and other system products, it was difficult to get 
any real attention from Intel’s Sale Force. So I thought, why are we doing this? As 
a result, I drove the decision to shut down/sell off the product line. So now I helped 
create the original business plans, revived it, grew it into a profitable business, and 
then made the decision to shut it down. This task was a very emotional for me. I 
remember in 1982 being in the Sunnyvale High School auditorium telling 450 
MSO employees that we were shutting down the operation and they would have to 
find a new job. This was in the middle of a bad depression in the Valley. …” 

MSO EPITAPH:  OUR LEGACY 
Thoughts by Bill Jordan  

Memory Systems Operation provided an important contribution during the 
frontier days of solid-state memory. With our sophisticated testing, we were the 
“proving ground” for the industry’s first practical DRAM main memory. We 
helped Intel’s components team correct design problems and firm up specifications 
and configurations. We helped both Honeywell and Univac “bail-out” their failed 
plated wire commitments by providing a DRAM solution as an instant 
replacement. The confidence in our demonstrated delivery performance helped 
spawn an industry standard main memory part. In 1973, the 1103 became the 
greatest economic success of any semiconductor product up to that time. It was 
found in the products of 14 out of 18 mainframe computer manufactures. The 
second source list was like a “Who’s Who” in semiconductors, with eighteen 
suppliers. This 1 kilobit memory chip became the first stepping stone for a 
continuum which is currently serviced with 64 gigabit chips.  

Our IBM add-on system business opened the door for Intel to be one of the 
few to enjoy the enormous IBM semiconductor market. A testimony to our success 
was provided in 1978 when IBM, our competitor, ordered $30M of our 168 add-on 
memory systems (4K chip) for their own in-house use. We responsively completed 
that order within a tight six months window. 
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Date MSO/MSD/CSD Timeline 

  

4/1971 Intel MSO started by Bill Jordan 

1973 Univac 9400 first shipment 
          
1973    MSO is made a division (MSD), Jordan made a VP 

1973 IBM 155 

1974 Moved to Sunnyvale 

1974 IBM 135/145 

1975 Direct IBM sales force was established 

1975 IBM 158 

1975 Started offering IBM leases 

1975 Started IBM field maintenance 

1976 First MSD $3M month 
       
1976 Univac 1108 first shipment 
      
1976    Loose particles in the 1103 
       
1976 Soft error caused by Alpha particles 
       
1977 Bizerba 

2/1978 Jordan leaves and the McCalmont era starts 
       
1978 MSD splits into CSD and MSO 
       
1978 IBM C2 $30M contract 

9/1978 First MSO $3 M month 

1/1979 CSD moves to Phoenix with McCalmont as VP 

  (later replaced by Vaemon Crane) 

1/1980 Bill Regitz comes in as MSO GM 

1982 MSO shut down, sold to Zitel 
 
 

 
i   By Bill Jordan: Plated wire memory was deployed by Univac and Honeywell in various 
military aerospace programs (Minuteman III and Viking), but was too costly for commercial 
computers. Plated wire had problems with: yield, reparability, standardization, second sourcing; 
but, most importantly poor cost projections compared to semiconductor memory. Looking ahead, 
the inexorable economic improvement predicted by “Moore’s Law” made chips a better long 
term bet than wires. Only Univac and Honeywell foolishly invested in commercial wire 
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technology; the smart money bet on chips. IBM was totally committed to chips. By 1973, Mike 
Markula (Intel’s marketing manager) announced that the 1103 had eighteen second sources. 
 
ii (Editors note: Now the history contains your name!) 


