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Lester Eastman and the Monolithic Microwave Integrated  
Circuit Technology
■ James C. M. Hwang 

The late Prof. Lester (Les) F. East-
man of Cornell University 
retired in 2011 but remained in 

Ithaca, NY, USA, until he passed away 
a decade ago. His career accomplish-
ments were well known. For example, 
in six decades of his academic career, he 
graduated 125 Ph.D. students. There are 
good articles about him on Wikipedia 
and Memorial Tributes of the National 
Academy of Engineering, although they 
miss some key points. For example, they 
cite his APS Fellow Award in 2001 but 
fail to mention his IEEE Fellow Award 
in 1969 around the age of 40 shortly after 
being awarded tenure. Before that, when 
he was an assistant professor, he started 
a conference series on high-speed semi-
conductor devices and circuits and pre-
sented himself as a leader in the field. 
(It was renamed as the Lester Eastman 
Conference decades later.) Few people 
would have the guts to pull such a stunt 
so early in their careers.

Late in Les’s life, he shared with 
his children the research accomplish-
ments that meant the most to him 
during his long career. His son Daniel 
recalls speaking with Les at length 
about what reflected his deep love 
and patriotism for his country. “In the 
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late 1960s, Dad was asked to assist the 
government in developing a jamming 
technology for fighter planes to avoid 
enemy radar detection. His research 
team not only solved this strategic 
challenge, but also came up with a 
device as small as a pen that pilots 
could carry. In the event they were 
shot down, the pen could periodically 
broadcast a microwave signal to enable 
search and rescue teams to accurately 
and covertly locate them. He was 
proud that his work helped save the 
lives of key military personnel.”

Les was a lifelong friend, mentor, 
and collaborator. As I earned my Ph.D. 
at Cornell and spent most of my career 
working on compound semiconductors, 
I was often mistaken as one of Les’s stu-
dents. I remember fondly that Les was 
especially nice to me, and I thought 
I knew him fairly well. It was only 
through a recent conversation with his 
daughter Laurie that I learned he was a 
devoted family man who kept his per-
sonal life private. Les seemed to have an 
excellent balance of work and life.

Les was a big guy and difficult to 
ignore. As an undergraduate student 
at Cornell, he was a football line-
man. He was obviously talented. He 
graduated from high school at the 
top of his class and earned the high-
est score in the New York State Physics 
Exam given that year. Growing up in 
a household of limited means, he was 
inspired by his high school physics 
teacher to apply to college. He was 
admitted by Cornell but could not 
afford the tuition. He solved the prob-
lem by enlisting in the U.S. Navy for a 
couple of years before entering Cornell 
on the GI Bill. Thus, he came to Cornell 
in 1948 and then never left! He did not 
change jobs here and there to advance 
his career. He did not put career before 
family. During his undergraduate 
years, he got married and had three 
children. Career advancement seemed 
to come naturally to him. However, 
according to Laurie, he struggled like 
many of us. Les was actually rather 
shy and introverted. Though he was 
the valedictorian of his high school 
class, public speaking did not come 

naturally to him. When he spoke in 
public, he always made sure he thor-
oughly rehearsed beforehand what he 
was going to say. Les spent many eve-
nings writing proposals for research 
funding. And he traveled frequently 
while missing the family.

Serving as a Navy radar specialist 
piqued Les’s interest not only in micro-
wave electronics but also in sailing. As 
an avid sailor, he owned two sailboats 
and often entertained visitors by sail-
ing on Cayuga Lake, one of the largest 
Finger Lakes next to Cornell. During 
his 1960–1961 sabbatical at Chalmers 
Institute of Technology, Gothenburg, 
Sweden, he was inspired by his expe-
rience there sailing with a friendly 
neighbor. After he returned to Cornell, 
he and a colleague bought a beautiful 
vintage Nordic wooden folk boat from 
Sweden. Shortly before Les died, he 

sold it to a former student, who kept it in 
good condition until he too was too old 
to sail. He offered to return it to Laurie, 
but she hesitated. I was tempted, but 
although I like sailing, I never owned 
any boat. I heard that owning a boat, 
especially a wooden one, was worse 
than having a mistress. Somehow, Les 
managed everything well.

Les was a real operator in a good 
way. In the 1980s, Raytheon pioneered 
monolithic microwave integrated cir-
cuits (MMICs). Like the digital inte-
grated circuits invented a couple of 
decades earlier, MMICs were smaller, 
lighter, and more reliable and manu-
facturable than microwave circuits 
made of individual transistors. Being a 
competitor with Raytheon in the radar 
business, GE was threatened by the 
development of the MMIC technology. 
Les convinced the GE management to 

Les Eastman with wife Anne, daughter Laurie, and sons David and Daniel in 1957.
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start a major MMIC effort to catch up 
with Raytheon and told them that “Jim 
Hwang of Bell Labs would be ideal to 
lead this effort.” Les then visited me at 
Bell Labs and told me, “There is this 
great opportunity for you and I will 
support you.” Following Les’s advice, 
I started the MMIC effort from scratch 
in GE’s Electronic Park, Syracuse, NY, 
USA, which was only an hour’s drive 
from Cornell. Les encouraged many 
of his Ph.D. graduates such as Umesh 
Mishra (now dean of the College of 
Engineering, University of California, 
Santa Barbara) to 
join me even though 
they had job of-
fers from better-es-
tablished places. It 
helped that Les was 
the most “produc-
tive” in the 1980s and 
was graduating a half 
dozen Ph.D. students 
every year. With the 
help of the Cornell 
graduates, we quickly 
produced the world’s 
smallest transistor 
with a critical dimen-
sion of 250 nm, which 
unleashed a new 
wave of investments 
by GE. However, the 
truth of the matter was that the transis-
tor was produced not only by Cornell 
graduates but in Cornell’s clean rooms 
and on materials grown by Les’s 
group. Like today, even though I had 
ample funding, building clean rooms 
and buying semiconductor equipment 
took a long time. Collaborating with 
those having existing facilities and ex-
pertise bought us time while waiting 
for our own facility to be completed 
and equipment to be delivered.

Les was instrumental in starting 
the half-billion-dollar, decade-long 
MMIC program of the U.S. Defense 
Advanced Research Projects Agency, 
which was one of their most success-
ful programs. In the 1980s, Japan ap-
peared to be conquering the world 
in manufacturing. The saying then 
was “everything is made in Japan,” 

especially electronic gadgets. Les led 
a study team of academic, industrial, 
and governmental experts who rec-
ommended accelerating the MMIC 
development and production in the 
United States to trump the Japanese, 
who were still riding on the coattails 
of their success in individual micro-
wave transistors. Through the MMIC 
program, the United States came to 
dominate the microwave components 
business. To this date, most mobile 
phones contain MMICs that are made 
in the United States.

Les was a vision-
ary. MMICs were 
made possible only af-
ter solid-state micro-
wave transistors were 
developed to replace 
bulky vacuum tubes. 
His doctoral thesis 
was on vacuum elec-
tronics, as were those 
of his first two Ph.D. 
students. However, 
starting from 1968, all 
of his Ph.D. students 
studied solid-state 
transistors.

I was happy to see 
MMIC technology 
flourishing. Before 
joining GE and while 

at Bell Labs, I contributed to the devel-
opment of microwave transistors to 
replace vacuum tubes in the terrestrial 
microwave network, which then car-
ried all long-distance telephone calls. 
The development was not only a techni-
cal success but also a commercial suc-
cess. As a young component engineer, I 
learned that big companies make mon-
ey in systems instead of components. 
They will love you if you improve the 
system capacity several times by replac-
ing a few key components in an existing 
system. Replacing components takes 
months and costs millions of dollars; 
fielding a new system takes years and 
costs billions of dollars.

Another lesson I learned at Bell Labs 
is that big companies support compo-
nent development because it helps 
differentiate their systems. However, 

once a system is developed into a vol-
ume business, they often turn to bids 
outside. After developing microwave 
transistors at Murray Hill, NJ, USA, I 
traveled often to Reading, PA, USA, to 
transfer the technology into produc-
tion. (The highway literally cut across 
the campus of Lehigh University, and 
I flew by it many times without know-
ing that later I would start my academic 
career there.) As usual, technology 
transfer, even within the same com-
pany, was delayed while system deliv-
ery was committed. We then mounted 
a heroic effort to not only accelerate the 
transfer to Reading but also to ramp 
up the research facility in Murray Hill 
for production. Still, after meeting 
the initial delivery deadlines, Ma Bell 
decided to buy microwave transistors 
from Japanese suppliers such as Fujitsu. 
Thus, all our efforts in technology 
transfer to Reading had been in vain.

By contrast, Fujitsu was very effec-
tive in transferring microwave transis-
tors from R&D to production. Later, 
while working as a consultant for the 
U.S. Defense Satellite Communications 
System, I visited Fujitsu in Japan and 
learned their tricks in technology 
transfer. Literally the same day a deci-
sion was made to transfer technology 
into production, everyone switched 
hats from R&D to production in 
the same team and facility. Had the 
approach been adopted in the United 
States, many R&D engineers would 
have bailed out.

However, the Japanese were not 
perfect in technology transfer. As the 
demand for microwave transistors con-
tinued to escalate in the 1990s, Fujitsu 
decided to transfer their production 
out of metropolitan Tokyo to a newer 
and bigger facility, and not everyone 
was willing to move. Unbeknownst to 
anyone, It caused a temporary setback 
in transistor reliability, which, in turn, 
caused many U.S. defense and com-
munications systems to prematurely 
fail. The so-called “power slump” 
problem of gallium-arsenide transis-
tors prompted my visit to Fujitsu and 
my becoming an expert on power 
slump. I found the failure was caused 
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by differences in surface passivation 
and field distribution, like the more 
recent and severe “current collapse” 
problem of gallium-nitride transistors. 
However, having been labeled as a 
slump expert, I decided not to become 
a collapse expert.

Les’s memory was legendary, espe-
cially concerning technical matters. 
Once I asked him, “Who invented sili-
con-nitride passivation of gallium arse-
nide?” He said, “You did. I first heard it 
from you twenty years ago in your Bell 
Labs office.” It was my most impact-
ful invention, but few knew about it 
because it was never published except 

buried in U.S. Patent 4,493,142, “GaAs 
FETs having long-term stability.” At 
Bell Labs, I was free to publish anything 
except this invention, which enabled Ma 
Bell to use gallium-arsenide transistors 
in satellites. Nevertheless, back then I 
knew telling Les was almost as good as 
publishing because he was consulting 
with many companies and government 
labs. When Umesh joined GE, I gave 
him a copy of the patent and tasked him 
to develop the passivation process for 
gallium-arsenide transistors. He said he 
was totally baffled by the patent. I told 
him that Bell Labs had many talented 
patent attorneys who knew exactly 

how much to disclose. Back during the 
good old days of Bell Labs, Ma Bell had 
a deal with the government to continue 
their telecommunications monopoly 
while licensing all their patents without 
fees to anyone except their nonexistent 
direct competitors. Eventually, mount-
ing political pressure prompted the 
breakup of Ma Bell in 1983. I owe Les for 
getting me out of Bell Labs just before 
the chaotic divestiture.

The above is what I know and 
remember about Les, especially the tid-
bits not well known. It is only a tiny facet 
of this giant in our field because, unlike 
Les, my memory is fading.�
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