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AK: It’s March the 3rd and we’re in Los Angeles, and I’m speaking with John Bowers.  Good 

afternoon, Professor Bowers. 

 

JB: Good afternoon.  

 

AK: Let me introduce you briefly. You currently hold the Fred Kavli Chair in Nanotechnology 

at the University of California, Santa Barbara.  You’re a Professor in the Department of 

Electrical and Computer And Engineering; you are a fellow of the IEEE, of the OSA, and 

of the American Physical Society, and you’re a member of the National Academy of 

Engineering.  You’re the author of hundreds of journal articles, eight book chapters, and 

the holder of fifty-two patents.  So you’ve been very busy. 

 

JB: Yes, it’s been a good career. 

 

AK: In 2012, this year, you are the recipient of the OSA and the IEEE Photonics Society 

Award, the John Tyndall Award.  You can tell us a little bit about the research that led to 

that honor; it’s a singular honor, and congratulations on that. 
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JB: Thank you. The award recognizes the research we are doing to develop a robust laser 

technology on silicon and to develop the technology for photonic integrated circuits on 

silicon substrates. 

 

AK: As we lead up to talking about some of your recent research work and the social purposes 

that it covers, like energy efficiency for example, I’d like to go back and start in the 

beginning.  Could you tell us where and when you were born? 

 

JB: I was born in St. Paul, Minnesota, 1954; a long time ago in a very cold place.  Grew up 

there and went to the University of Minnesota, graduated with a bachelor’s degree and 

then moved west, and haven’t looked back too much for Minnesota. 

 

AK: Your earliest schooling was in the St. Paul school system. 

 

JB: Yes, it was in a variety of towns, but Roseville and Shoreview, in suburbia.  As St. Paul 

grew, we moved farther out. 

 

AK: Did you go to the same high school for all your high school years? 

 

JB: Yes, Mounds View High School, the Mounds View Mustangs.   

 

AK: What was high school like for you?  Were you interested in science then? 
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JB: I was.  I had a great chemistry teacher.  In terms of when I give labs, none of my labs are 

nearly as exciting as chemistry teachers can be.  He blew things up and got our attention 

and captivated a lot of males in particular with the potential of what chemistry could do.  

He didn’t lose any fingers, so that was impressive.  My degrees are in physics and I guess 

I liked physics more, but my physics teacher was drier.  He didn’t do any great 

demonstrations – you know, air hockey experiments are not nearly as exciting as blowing 

things up. 

 

AK: Are you the only child or do you have brothers and sisters? 

 

JB: I have a sister; she lives in Colorado Springs right now.  She’s very different.  She has all 

the artistic genes in the family.  When I try and draw it looks like a kindergartener did it.  

I guess the genetic pool bifurcated there. 

 

AK: Any relationship with the distribution of mom’s and dad’s talents? 

 

JB: A little bit, my father is a professor at the University of Minnesota in civil engineering.  I 

guess I probably fell closer to that apple tree.  My mother was more artistic and into those 

sorts of things. 

 

AK: Tell me a little bit about your decision to go to the University of Minnesota.  We often 

assume that when people are in high school they’re just going to go to college, but 
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sometimes that decision has to be made as to whether to defer it, or how to do it, where to 

do it. 

 

JB: The undergraduate decision was not very well thought out, in a sense.  I mean, I love 

Minnesota, it’s a great school, but it’s the closest one.  My father taught there.  I didn’t 

spend any time really thinking about it, I just applied and went.  I probably went into 

physics at first because that was what my last high school class was.  I had a great 

experience there.  In particular, several professors, Marvin Marshak, in particular, ran 

experiments at Fermi National Lab and took me under his wing.  I ended up working 

summers for this group of experimental physicists, high energy physicists.  Some of the 

jobs were pretty boring; one year, I spent the whole year building a thousand amplifiers, 

identical, one after the other.   

 

 The problem then came that summer, when the experiment comes, when the team finally 

gets beam time, you have maybe two weeks to get everything set up and working and 

then you take data for a month. And then that’s it and the beam goes to someone else.  I 

remember we went to Fermi Lab and it was all so exciting.  I was an undergrad setting it 

all up.  They couldn’t figure out why, but the computer kept glitching.  This entire data 

taking would come to a halt, and they’d have to restart the computer.  The data was lost 

and it was really tense.  I was the likely suspect because I was this undergrad who didn’t 

really know how to do anything with electronics.  All these boards had been inserted, that 

was the only change in the experiment. 
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 It turns out the other change that they had done was they had put in a bigger air 

conditioner because they had more electronics.  When the air conditioner came on, the 

voltage dropped enough that the computer would reset.  We had probably thirty-six, 

forty-eight straight hours trying to figure out what was going on, and all the fingers were 

pointed at me, so I was a little nervous. 

 

AK: The perfect ending to that story would be that you were the one who discovered that the 

air conditioner was the cause.  (Laughter.) 

 

JB: No, I wasn’t actually, but (laughter) I think I was too brain dead at that point. 

 

AK: These were summer jobs? 

 

JB: I worked during the year and actually I took my third year off for the most part and 

worked at Argonne National Lab and at Fermi National Lab.  I was kind of bored with 

taking classes and was looking for a chance to do research, do something real. 

 

AK: I think when you’re a college student and you’re bored with your classes then there are 

any number of things you might do and that sounds like a particularly constructive one. 

 

JB: Yes, it was good.  I was glad they gave me the opportunity. 

 

AK: What year did you graduate from University of Minnesota? 
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JB: Nineteen seventy-six. 

 

AK: Say a little bit about the decision to go to graduate school at that point.  I know that’s 

another decision point; to go, to not go, to go now, to go later, to go where. 

 

JB: I had been involved in research at the University of Minnesota at Fermi National Lab.  

Everybody has PhDs, you know, the team pretty much, and everybody’s going and 

getting a post doc and then the whole path is very clear; you want to become an assistant 

professor and full professor.  That was just sort of the natural evolution.  I didn’t really 

think anything else of it. 

 

 I did make a very conscious change.  I was lucky enough to be part of a paper on 

polarized proton scattering.  That was the first paper I was on and there was like, forty-

five authors so I mean, it’s this long, it’s like high-energy physics papers.  There were all 

these authors on it and they do it alphabetically because it’s hard to decide who’s best.  

The problem was they thought this was a really important paper and I was going to be 

first author.  They went, gee, this undergraduate is really not who we want “Bowers et 

al.” to be referring to, so they had someone else first who was really the intellectual 

leader, and then everyone else after that is alphabetical. 

 

 I decided I didn’t really want to be part of forty-five-author papers and one person’s 

really in charge of writing it, and doing most of the work.  I wanted to do something more 
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independent.  That’s when I switched to solid-state physics.  I looked at a bunch of 

places, and I ended up going to Stanford and just the whole thing appealed to me.  It’s a 

sort of rural campus.  It’s relaxed, it’s nice and obviously the science is first-rate.   

 

 I joined the Applied Physics Department there and worked in Ginzton Lab for a really 

great advisor, Gordon Kino, who is really a mathematician.  I’m an applied physicist that 

masquerades in electrical engineering.  He was kind of the same thing, he was really a 

mathematician in the Electrical Engineering Department and I was an applied physics 

student.  What got him excited was doing some new derivation.  Like we’d be working 

some new area, and he really guided the mathematical end of things more than anything 

else. 

 

AK: Gordon Kino?   

 

JB: Kino, yes. 

 

AK: How would you spell the last name? 

 

JB: Like the German movie theater, you know, in German for movies, Kino.  He’s a 

remarkable man.  I actually, to be honest, model a lot of my academic career after him in 

a sense.  You know, he always went into the lab every afternoon.  He always cared a lot 

about the students and paid attention.  I mean, obviously there are always deadlines and 

conferences and funding people to get results for, but he always took a personal interest.  
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Like I said, he never did any of the experiments.  He was not, in some sense, an 

experimentalist, be he always came to the lab every day and just checked on things and to 

see what’s going on.  I try to do the same thing.  He probably does a better job of it than I 

do. 

 

AK: Did you have any occasion to stay in touch with him over the years? 

 

JB: I have.  He’s retired now from Stanford, but I haven’t seen him in the last year or two.  

He’s actually gone on to do other things.  When I was there, my thesis was in surface 

acoustic waves and signal processing.  So that’s where a lot of, in our case, a lot of the 

mathematical aspects came out of it.  He went on; probably his most famous work 

subsequently was confocal microscopes.  He made some really nice contributions there. 

 

AK: Your dissertation was on surface acoustic waves and signal processing? 

 

JB: Yes. 

 

AK: How did you arrive at that particular topic? 

 

JB: I had a fellowship, an NSA fellowship, so I had a little more freedom than some grad 

students in terms of choosing what I worked on.  So I worked on something that you 

probably haven’t heard of.  To grad students, it’s always appealing to do something 

different, obviously, and so I worked on what are called Sezawa waves.  Probably you’ve 
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never heard of it, almost no one has ever heard of it, but it’s the same thing as Rayleigh 

waves, which everybody thinks of.   

 

 But on any layered surface there are higher order modes that are Sezawa modes that exist.  

And they don’t exist if you just had a uniform water swell or solid surface, uniform 

surface, they don’t exist.  But if you have a layer there, then you can have high order 

Sezawa waves.  There are reasons why, for the devices we were making, they’re 

inherently better and so that was the research.  I don’t think anyone has really picked up 

on it and it has had no technological significance ever since, but it was interesting. 

 

AK: What year did you get your PhD? 

 

JB: Nineteen eighty-one. 

 

AK: And it was for your work in the Applied Physics Department at Stanford. 

 

JB: Yes.  I took a year off there as well and worked at Honeywell; worked on infrared 

imaging or growth.  At that point I built the first LPE growth system, a liquid phase 

epitaxy growth system, for mercury cadmium telluride.  Before that, people were 

growing it inside these sealed quartz tubes, and mercury pressures are very high, many 

atmospheres, so it’s like bombs basically.  I worked out a way to do it from tellurium rich 

and you could do it at atmospheric pressure with LPE, which is how people grow gallium 

arsenide and indium phosphide and other materials. 
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AK: That was a year off during your doctoral work. 

 

JB: Yes.  It was the same thing there; I had a really good supervisor, Walt Schmidt.  He never 

told me what to do, but when I met with him, I always knew what to do when I left.  So 

he’d always ask questions.  What I was doing may have been completely in the wrong 

direction and he would ask enough questions that it was really, that I realized what I was 

doing was clearly stupid.  It’s an interesting management technique that I don’t know that 

I have the patience for.  He never actually said, “You need to go to do this,” he would just 

keep asking questions until it was obvious that this was really fruitless and you should 

really go off in some other direction.  It’s a good technique if you have the patience for it. 

 

AK: Sort of Socratic management. 

 

JB: Yes, exactly. 

 

AK: That was at Honeywell. 

 

JB: Yes. 

 

AK: Tell me a little bit about that decision to take a year off and go work at Honeywell and 

then come back and finish your doctoral work.  What was the thought there? 
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JB: Well it was just that I was engaged to someone I’d met in Minnesota, Cindy Bowers, and 

she was finishing up her degree there.  She spent some time in California, and then I 

spent some time back in Minnesota and then eventually we all went out to California.  It 

was good.  I mean, one of the other things I firmly learned was you don’t really like to 

work with II-VI materials.  You know, they’re very soft.  Mercury cadmium telluride, it’s 

more like butter, you know; you look at it wrong and you get dislocations and doping 

changes.  It made me appreciate silicon and gallium arsenide and things that are a lot 

harder materials and more stable. 

 

AK: An awareness of the materials you’re working with is important, isn’t it? 

 

JB: It’s certainly important and some materials are just much harder than other materials, 

right.  But that was a change.  Most of the work going on was on gallium arsenide, in 

Gordon’s group, and I ended up solely working on silicon.  The Tyndall Award was for 

doing the same thing, doing photonics on silicon.  I learned at that point that I really liked 

materials that are very robust.  Obviously the silicon industry is so successful because 

silicon and silicon dioxide are very robust materials and you can process them repeatedly 

in the same way.  So it probably came from that experience. 

 

AK: So you’re out in Palo Alto, you got your PhD in ‘81, what did you do then? 

 

JB: Well that’s where I made the change to optics.  During that time, it was early days of 

fiber optics and Stanford took the strong position that single-mode fiber optics was the 
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future, not multi-mode.  At that time pretty much everything was multi-mode.  And John 

Shaw was really a proponent of single-mode fiber and believed that was the future.  So 

his group was just working on that, a lot of my friends were in that.  So I did my post doc 

with him for a year, and actually probably some of my grad student career.  But at some 

point, my advisor and John agreed that I had to finish my thesis before doing what was 

much more fun to me at that point, which was fiber optics. 

 

AK: So you went back then and finished your thesis? 

 

JB: I finished the thesis; it might have been at the same time, but I remember they made a 

strong statement when I was working in fiber optics that they wouldn’t pay me as a post-

doc until I’d actually filed the thesis, so it had to happen.  There many things that John 

wanted which were very much ahead of his time.  One was single-mode fiber, maybe that 

was more obvious.  But the other project he wanted me to work on at the time was to 

make optics amplifiers.  He was very clear.  He said, “That’s what the field needs is 

electronics as amplifiers and optics as mid-amplifiers.”   

 

 It probably would have been a good thing to work on.  Subsequently, in the later part of 

the eighties, obviously it revolutionized the whole field of fiber optics.  The problem with 

Stanford was we didn’t have any fiber pullers.  There just wasn’t the infrastructure to 

work in that.  I worked on things that are closer to my background, which was doing 

signal processing with fiber optics and microwave analog filters and resonators and 

things like that. 
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AK: Who was your thesis advisor then at Stanford? 

 

JB: Gordon Kino was my advisor, but then my post doc was supervised by John Shaw. 

 

AK: I see, so if you’re doing a post doc, you have to go back and do your doc. 

 

JB: (Laughter.)  That’s right. 

 

AK: Well, congratulations on that.  What a time to be starting in fiber optics. 

 

JB: Yes, it was very different than now.  You know, the optical conferences, there were many 

fewer of them and they were much smaller.  OFC was a very small conference in those 

days.  It was a very tight community. 

 

AK: What a place to be starting in fiber optics. 

 

JB: Yes, you know, Stanford has a great fiber optics history and just optical, you know, 

between Bob Byer and Tony Siegman.  It’s a very strong group. 

 

AK: So you stayed at Stanford for your post doc. 
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JB: For one year, then I went to Bell Laboratories in Holmdel, New Jersey.  At that point, it 

was working on devices for fiber optics but not so much fiber optics.  The focus at the 

labs was making lasers.  Particularly at that time, 1982, the focus was to make single-

mode lasers, DFBs or C-cubed was something coming out of there or short cavity, a 

variety of structures.  My particular focus ended up being making high-speed devices; 

high-speed lasers or modulators or detectors.   

  

 It was a good place to be because there were a lot of different people you could rely upon 

– for great crystal growth, Barry Miller and others.  Then people like Larry Coldron and 

myself were making devices, lasers and detectors.  Then there were people you could 

take all the system results to.  I remember vividly the first two-gigabit and four-gigabit 

and eight-gigabit and then sixteen-gigabit transmission systems, and that was all in short 

order.  It was fun to work on trying to make the next fastest laser and then demonstrate it 

in the system.   

 

 There was a lot of competition back then.  I mean, you’re trying to solve fundamental 

physics issues about relaxation oscillation frequencies and pushing those up and things,  

and finding structures that have very little capacitance but very strong optical 

confinement because the more you confine the optical mode, the higher the frequency of 

the laser is.  There’s a whole series of competitions between GTE Labs and myself and 

Ortel and Cal Tech.  So that the record for who had the fastest laser kind of bounced 

around a lot in those years.  Then it’s been pretty stable ever since, but it was a very 

active time.  The same thing is true with detectors and modulators at the time, too. 
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AK: Much has been said and written about the culture at Bell Labs and how uniquely suited it 

was for research productivity.  Would you agree, was that your own experience? 

 

JB: Oh, absolutely.  There were two things that Bell Labs did; one, they had everything you 

needed; you didn’t really have to go talk to anybody else.  If you wanted a growth it was 

there, fabrication or dry etching or packaging or systems work, it was all there.  So that 

was good.  The other thing was motivational.  There were typically two groups doing 

almost the same thing.  We were not the only group doing single-frequency lasers or 

high-speed lasers.  Probably in high-speed lasers, we were the main group. But quite 

often they’d have competing efforts; a luxury that most companies don’t have anymore.  

But when you’re a regulated monopoly you have that luxury.  It was a great place and I 

learned a lot from a lot of really brilliant people. 

 

AK: So you were there for three, four years? 

 

JB: About five-and-half years.  Then Jim Merz and Larry Coldren convinced me to come to 

UC Santa Barbara, which I’d not really considered, to be honest.  They used a classic 

recruiting technique that we’ve since used many times, which is just invite someone out 

to give a seminar.  If you do it in January or February, then there’s a certain attraction if 

you’re tired of New Jersey winters, which are not that bad.  Compared to Minnesota, I 

thought they’re actually not really bad at all, to be honest. 
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 There had already been a number of people who had moved; Larry Coldren, Eveyln Hu, 

and a few others.  In Santa Barbara Herb Kroemer focused on compound semi-

conductors and heterostructure devices.  So doing lasers and III-V materials was perfect.  

Whereas places like Stanford and Berkeley were much more focused on silicon.  It was a 

natural match for me. 

 

AK: So when you arrived at UC Santa Barbara, you were in the Department of Electrical and 

Computer Engineering? 

 

JB: Yes. 

 

AK: Was that a tenure track position? 

 

JB: They gave me a tenured position.  I went in as a full professor.  The big influence in that 

department is Herb Kroemer, who subsequently won the Nobel Prize.  His invention was 

the double-heterostructure laser.  I tell this story a lot to my students.  The semiconductor 

laser was first demonstrated in 1962.  He saw that paper and in his mind he could see 

well, that’s not a good way to do it, you really want confinement, you want a double-

heterostructure.  So he wrote the paper and submitted it to Applied Physics Letters and it 

was rejected.  Then he didn’t subsequently submit it again.  He thought, all right, fine, it 

was rejected. 
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 Fortunately he filed a patent on it, and so he gets credit for in ’63 inventing the double-

heterostructure laser.  The point is, you don’t necessarily get acceptance – but because 

it’s rejected doesn’t mean it’s a bad idea.  Eventually, it was good enough to get a Nobel 

Prize, and pretty much every laser made today is a double-heterostructure design, so it 

was an incredibly good idea.  Again, as I tell my students, a lot of times ideas are easy in 

many cases; but to actually demonstrate something along with it is what will get people’s 

attention and that’s what Kroemer didn’t do.  He wasn’t in a lab that could do it.  Varian, 

which is where he worked at the time, was not a place where he could do it. 

 

 He subsequently came to Santa Barbara and said, you know, we’re not going to try to do 

the same thing as Stanford and Berkeley, we’re going to do something else.  So the focus 

at UC Santa Barbara has always been on compound semi-conductors, whether it be 

electronic, which has been where most of his focus has been, or optical, which is Larry 

and myself and Dan Blumenthal do research. 

 

AK: You said something that I want to go back just a little bit and have you elaborate on.  You 

mentioned to your students the importance of actually demonstrating something. 

 

JB:  Right.  I mean, everybody has ideas, and it’s hard to tell if something is a good idea or a 

bad idea unless you actually demonstrate it.  In the case of the double-heterostructure, 

maybe that one is so obvious, in retrospect, that it’s obviously sufficient.  I mean, when 

you confine the electrons to a hundred nanometers rather than microns then the threshold 

is correspondingly smaller.  But in general, I think that’s true.  People don’t believe an 
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idea is actually that important until you actually prove it.  That’s often the harder part of 

it.  The idea can come like that, but it takes years to actually demonstrate it. 

 

AK: Not just prove it but show it.  Interesting.  I think there was a time in the early sixties 

where the journal editors were refusing laser papers because they’d just seen too many of 

them. 

 

JB: (Laughter.)  Yes, make everything lase, yes.  But some people were smart back then and 

focused on things that had legs, right.  You know, I think to some people it was clear that 

we need semi-conductors to get small size and low cost and that’s what will stand the test 

of time.  It was certainly a lot easier back then to make helium lasers and things like that, 

gas lasers.   

 

 So again, I try and get my students focused on things that really solve important 

problems.  You don’t want to get too applied and too focused on applications, but focus 

on things that will have an impact on the world.  That’s basically our responsibility, 

right?  If you get research money from the government or from the university and you 

have a research position, then you should use it to make the world a better place and to 

solve the really important problems in society. 

 

AK: Hardly anybody would disagree with that, but it should be said that there have been 

debates about whether the pursuit of knowledge ought to be carried on without regard to 

its social usefulness. 
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JB: I think we have to decide as a society how much of that we can afford.  So a certain 

amount of research should go on just because it’s far out and has no conceivable 

application.  Our research budgets are probably large enough – the rest of that pot, 

whatever that size is, we need to use for something that actually will make new industries 

and new jobs.   

 

 In my case, I work for the state of California, so fundamentally we need to make jobs and 

industries that can make California strong and, by the way, the entire United States, but I 

think that is our obligation.  I’m not doing theoretical physics, I’m in electrical 

engineering so that’s pretty applied; that’s not pure research.  But a little bit of my time 

might be spent on very pure research. 

 

AK: One of the interesting things, I think, about your field and about the laser is the degree to 

which it confounds any easy distinction between theoretical and applied.  If anything ever 

shed light on issues of theory it was the instrument of the laser. 

 

JB: Right, right.  Who could have seen it at the time?  The early sixties was obviously a very 

active time, and things were moving very quickly even though it was hard to anticipate 

all the actual applications that were going to come up.  So the good thing is to find those 

same issues today; what are those problems to work on. 
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AK: Let’s talk about that because that’s essentially what your career has been.  The issues that 

you’ve been working on have been, broadly speaking, the technology of communications, 

the technology of photonics, the transition, if you will, from electricity to photonics.  I 

think it was Matt Tirrell, the former Dean of Engineering at the University of California, 

Santa Barbara, who said, “John,” speaking of you, “John is an expert in using light rather 

than electricity, moving light around rather than electrons.”  The idea being that maybe in 

the future we can replace some of the copper circuitry, energy-consuming I might say, 

copper circuitry and computers with optical fibers. 

 

JB: That’s something our field’s been very successful at, right.  Over the last thirty years, 

from roughly 1980 until now, we have completely transformed from doing electronic 

transmission or microwave transmission to doing optical transmission.  The end result is 

the cost in the energy to move a bit of information, say across the ocean, is literally a 

hundred thousand times less than it was in 1980.  That’s really important because today 

we use something like fourteen terawatts of power worldwide.  The problem with that is, 

is that’s growing very rapidly and it causes all these other problems like depletion of 

precious resources; coal and oil and things like that, and causes CO2 and climate change.   

 

 We really do need to be much more efficient than we are today.  So I direct the Institute 

for Energy Efficiency and that’s what the optics work is focused on, doing what we need 

to do much more efficiently, with less energy than we use today.  So for long distance 

transmission, fiber optics has been tremendously successful and that’s been a worldwide 

effort of thousands of engineers.  But what has not really happened yet, so much, is a 
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significant reduction of the power within, say, a datacenter or certainly within a chip.  So 

that’s where the research that the Tyndall Award comes from, is focused on. 

 

 Today, datacenters use maybe a percent or 2 percent of our energy, or electricity, it’s not 

that much.  But it’s growing so fast.  Datacenters double in 18 months, so in five years 

they’ll be ten times the size they are today, and that’s a problem.  I mean, datacenters are 

absolutely the right solution; it makes no sense for every building to have their own 

datacenter and have all these antiquated computers around.  It makes much more sense 

for all of us to put our data in the cloud and then let companies like Google and Yahoo! 

and Facebook upgrade that and use that very efficiently. 

 

 Today, fifty megawatts is a typical datacenter.  If we don’t do anything to make it more 

efficient, it’ll be five hundred megawatts, which is getting pretty close to nuclear power 

energies.  So we need a better solution.  That’s one leg of what drives our research, the 

fact that if you look at a modern computer chip about half the power goes to 

communication off-chip, and often it’s tens of watts used to drive those lines.  Related to 

that is that we’re limited in how many pins you can put on a chip.  Today, computer chips 

often have three, four thousand pins on them and that’s really kind of the practical limit. 

 

 The problem is that a pin can only carry a gigabit, a few gigabits of data; maybe with 

error correction, ten gigabits of data.  But with fiber, you can put ten terabits, so you can 

get immediately a factor of a thousand improvement, and so you eliminate this electronic 

bottleneck.  Partly, we’re trying to use the fact that when you send things electrically, the 
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further it goes, the more energy it takes because it’s one-half CV squared.  So the longer 

it is, the more capacitance, the more energy it takes.  But optically, whether I send that 

photon a micron or a kilometer, it doesn’t take any different amount of energy, and so it’s 

far more efficient at high data rates.   

 

 Part of it is reducing energy, part of it is solving this electronic bottleneck on chips; and 

then part of it, in the end, is changing our field.  Fundamentally, our field is based on III-

Vs, indium phosphides.  Most of what JDS and Infinera and Alcatel-Lucent, they all 

make all their devices in fabs that process indium phosphide wafers and gallium arsenide 

wafers.  Our goal is to process those in silicon fabs, and then as a byproduct, we can use 

the same technology on a silicon chip itself.  There have been two fundamental problems 

with that, the reason it hasn’t happened widespread yet.   

 

 One is the contamination issue.  People don’t like having III-V materials in a very pure 

silicon fab.  But the silicon people figured out how to handle that and they are looking at 

having things like indium arsenide channels on silicon chips because they get the higher 

mobility and better performance.  So that end is being taken care of, but in fact, the 

dopants in silicon are column three and column five elements, so they’ve actually been 

there all along anyway. 

 

 The other problem is that silicon doesn’t lase, so silicon fundamentally is an indirect band 

gap semi-connector.  It’s a very inefficient light emitter; you can get light out of it but, 

you know, instead of something close to 100 percent efficiency, it’s like ten-to-minus-six.  
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If our whole goal is to make things more efficient, it doesn’t make any sense to use a 

material that is very poor.  Our approach has been to put thin layers of III-V materials on 

silicon.  Again, we’ve benefitted from what’s going on in the silicon industry because 

pretty much all memories today are made by bonding wafers together, and they do this on 

a twelve-inch scale.  By bonding you can make SOI wafers and a variety of structures 

that people need for advanced technologies, and we use the same technologies; we use 

the same wafer bonder but a three-five layer on top of silicon, and then we use the 

superior gain to make a good laser.  I think that is most of what the Tyndall Award’s for, 

was making lasers on silicone.  You can make DFB lasers, you can make mode-locked 

lasers.  Our goal in general is to make devices that are as good as on indium phosphide.  

In a few cases we can make devices that are better, and that’s certainly a big part of it. 

 

AK: Your career as a professor has involved a variety of other pursuits including 

commercialization and entrepreneurship.  It’s a fascinating interface of science, 

academia, the marketplace, and I want to ask you a little bit about that.  You are the co-

founder of Calient and the founder of Terabit Technology, which was then sold to Ciena.  

Tell me about getting involved in the commercial aspects of the field.  It always interests 

me that you didn’t go to business school, so where do you – the easy answer is you get 

people to do it for you, but maybe that’s just the easy answer. 

 

JB: When I graduated from Stanford it was 1981, 1982.  That’s right when Silicon Valley 

was already a hotbed.  Stanford was a hotbed of entrepreneurship.  Sun Computer was 

just being formed that year, not that I knew them at the time, but that’s one example.  



Interview with John Bowers, March 3, 2012 24 
 

There was always a lot of excitement about, again, the impact of research.  I think it was 

very good research, but people are always thinking about what’s the impact on society.  

When I came to Santa Barbara, it was a very different feeling; it was very academic 

focused and people didn’t like people getting your hands dirty with business. 

 

AK: As it goes. 

 

JB: I find it’s a very effective way to motivate students.  A lot of times you’ll have a student 

who really doesn’t want to take quantum mechanics or E&M or something.  It’s a hard 

sell to just say “You’re going to need this later on,”  as opposed to, if they’re actually 

starting a company and they’re seeing things that they need, skills they need, then they’re 

really focused and they really learned it extremely well.  I think if you can tie what you’re 

teaching to what they’re going to need, then students are much more motivated to really 

learn the material. 

 

 So about 1992, I started teaching an entrepreneurship class.  You’re right, I had 

absolutely no skills in doing it; I was naïve.  There were ten lectures, and I invited ten 

people to come speak.  You get people like Milton Chang coming and speaking in your 

course.  He’s so inspirational, I mean, those students were motivated beyond belief at that 

point.  In fact, the hard part then was making sure you actually kept them there to finish 

their degrees.  That first year when Milton spoke, and a lot of other people, Greg Olsen 

who started a bunch of companies and has been a good OSA, IEEE member, spoke. 
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 But one of the students I had in my group was John MacFarlane.  He got all excited and 

he went off and left without finishing a PhD and started a company, Software.com.  

Again, this is before the Internet, web and everything had happened.  He grabbed the 

domain name, Software.com, which was brilliant and I had no anticipation of just how 

important all of this was going to be.  He grew up a very successful company and they 

did an IPO and he now has another company, Sonos, so he’s never looked back.  But that 

is an issue.  One thing I always tell students is it’s easy to start a company, anyone can 

start a company; you go get a lawyer and pay some money and you file the forms and 

that’s easy.   

 

 But again, you have a real responsibility because once you start hiring people or taking 

people’s money, then they have an expectation that you’re actually going to see this 

through and you can’t just leave.  So you better make sure that whatever idea you have is 

the right idea, it’s the best idea you’re going to have in the next five years.  Usually what 

happens is you have an idea, and , you get really excited about it and it seems so great, 

but then actually, you dig in for a little bit and after a while you realize that it wasn’t that 

good of an idea and something else is a much better idea.  So give it a little time to 

gestate and make certain that this is really what you want to spend the next five or ten 

years doing because you can’t just jump from one to another. 

 

 I do try and spend most of my time actually, telling students that their ideas are not very 

good.  I mean, I tell them ahead of time, I’ll probably poo-poo most of your ideas but just 

keep refining them and if it’s really good, if you really believe in it, go do it.  But what 
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you want to do is find people that poke holes in it and help you come up with a better 

idea.  You don’t need to go spend a lot of money figuring out what someone with a little 

forethought could have told you. 

 

AK: So how did you pick up your knowledge?  I mean, you’ve had a quite a bit of experience 

now in the entrepreneurship area. 

 

JB: So I taught the course for about, I guess, seven years straight and brought a lot of 

different people in, started a company, Terabit Technology.  I learned a lot of lessons that 

I then used in my course.  So the first time -- actually it was a company before that, 

Optical Concepts that I didn’t start, but Kevin Kilcoyne retired from Rockwell did.  He 

came and he talked to Larry Coldron and myself, and he said, “What’s your best idea, I 

don’t care what it is, I want to commercialize your best idea.”   

 

 I was working on long wavelength VCSELs and Larry was working on short wavelength 

VCSELs, so that was the basis of the company.  In fact the first 1310 VCSEL that came 

out was the stuff that we were doing.  That company sold to Gore and became Gore 

Photonics.  The money that I got out of that I used to start Terabit, and that was much 

more what I wanted to do and I was excited doing it.  I took time off to do that and the 

university was very supportive of that, for which I’m grateful.  I think it is good to give 

people a little leash.  Otherwise, in fact, they’ll leave; if they really think this is going to 

change the world, they’ll leave.   
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 That’s kind of painful for the university and often for the professors themselves because 

professors are often good at starting companies and initial ideas and not actually 

manufacturing and seeing things through.  So the university was supportive.  The 

company got bought very quickly by Ciena, and so all that core team stayed there and 

developed the product.  Then I went back to the university.  But it was kind of 

unsatisfying because it was very short.  So then I started Calient and then I took two-and-

a-half years off at that point from the university.  I wasn’t teaching entrepreneurship or 

electrical engineering or anything at that point.   

 

 That was a very different experience because the first one erred on the side of being 

underfunded and I was funding it myself.  When you’re making payroll out of your 

checking account, you better make sure that your wife is supportive.  Students and 

entrepreneurs don’t always check that.  Okay, if we’re going to start spending $10,000 a 

month on this, are you on board, this is what I should be doing?  That’s a good thing to 

make sure.  So that was stressful.  But then Calient, it was a very hot time, 1999, and we 

raised lots of venture capital.  There was no financial stress then we could build a 

company very quickly, and we did.   

 

 That was probably the right approach because at that point there were thirty companies 

doing optical switches, and everybody thought that was the big thing; there was lots of 

competition.  Now I think there are three companies that have remained and Calient is 

one of them.  So they have a booth here at OFC and they still sell, I think, the largest 

optical switches,  a 320-port switch that has lots of applications with telecom and 
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datacenters and things like this.  They’ve survived, but the market isn’t nearly as big as 

we all thought it was ten years ago. 

 

AK: Are you still involved with Calient? 

 

JB: I’m on the board.  I was very involved in the early years in terms of the design and a lot 

of engineering decisions about this 3D design and things like that.  Now it’s much more 

manufacturing and sales and getting yields up and costs down, and that’s not something 

I’m very skilled at. 

 

AK: Probably doesn’t quite match your interests either. 

 

JB: That’s true.  (Laughter.)  I find it pretty boring, I’ll admit. 

 

AK: You’re also involved with another company, am I pronouncing this correctly, Aurrion? 

 

JB: Aurrion.  It’s from “aura.”  So Aurrion was started specifically in the hybrid silicon field 

and the student who did the first hybrid silicon laser, Alex Fang, and I started Aurrion.  

He runs it, he’s built it up and it’s now about thirty people.  It’s a good company; he’s 

done a great job.  Right now their main focus is providing engineering solutions to other 

companies.  Companies used to be vertically integrated, AT&T, Western Electric were 

vertically integrated.  But now everything’s much more horizontally segmented.  They 
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make hybrid silicon photonic integrated circuits for a bunch of customers, five or six 

different customers. 

 

 They have this niche, they have really good designers and then they outsource the fab to a 

CMOS foundry.  The good thing is, and that’s the whole advantage of CMOS, is that it 

could scale up very quickly.  The CMOS company really wants to run fifty wafer lots of 

large wafers and it takes a while to build a market up to that point. 

 

AK: CMOS, that stands for? 

 

JB: Complementary metal-oxide-semiconductor.  So it’s both N-type, you know, NMOS and 

PMOS together, so it’s a low power electronic structure. 

 

AK: I’m going to quote here from Aurrion’s website: “The wafer scale integration of active 

photonic devices on a standard CMOS platform and that the base technology for this was 

developed originally at UC Santa Barbara.”  This work got mentioned as among the “top 

ten achievements of 2006” by Discover Magazine, so this is potentially society-changing 

work. 

 

JB: We hope so.  The idea of getting light out of silicon is not new.  It wasn’t like we’re the 

only ones who thought, oh, let’s switch from indium phosphid foundries to silicon 

foundries.  Many people wanted to do that.  It’s been a big research effort and is a big 

research effort.  Silicon is good for some things; it’s really good for passive devices.  If 
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you want to make wave-guides, if you want to make arrayed waveguide gratings, you 

want to make polarizers, splitters, it’s superb.  And the process control of a CMOS 

foundry is so good you can make literally billions of them for essentially no money at all. 

 

 But because silicon is indirect band gap, it doesn’t emit light.  So there are a lot of other 

alternatives from what have been doing.  People have been making porous silicon and 

they’re trying to get zone folding in silicon that would change it from indirect gap to 

direct gap.  People are trying to dope it with erbium or dope oxides or nitrides with 

erbium or other rare earths.  So there are a lot of approaches out there to getting light out 

of a silicon wafer.  We’re one of literally twenty different approaches.  There’s been a lot 

of work lately at MIT and Kim Kimerling’s group, for example, on making germanium 

lase.  

 

 So germanium is indirect gap as well, but it’s pretty close to direct gap.  Their approach 

is very exciting, it’s complementary, it’s competitive to ours.  The issue is going to be 

which is more efficient.  Because of fundamental issues like free carrier absorption, I like 

our approach; that’s why we’re doing it, I think it inherently will be better.  They think 

theirs is better and it’ll take time to determine that.  But in the end, I’m confident they’ll 

make lasers and they can make lasers in volume.  The issue is who makes the most 

efficient laser.  It’s actually very severe because electronics works really well.  If you 

want to get onto a chip and just get information, a wire is very low power.  So you can 

get down to certainly a picojoule per bit, and that’s where we have to be. 
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 What that means practically is, we have to be at thresholds in the laser of a milliamp or 

lower and operate at a volt or lower, and you know milliwatt-based thresholds.  And if we 

don’t do that, then it won’t happen.  I’m confident we can, and we have a roadmap for 

how we want to get there, but if it isn’t more efficient, it isn’t going to become important. 

 

AK: You’re director of the Energy Efficiency Institute, which started in 2008.  Tell me about 

the Institute and what it does and what you do there. 

 

JB: Well I sort of direct it – convincing faculty to do anything is like herding cats, and that’s 

certainly true here.  We provide a focus to a lot of different research efforts.  We bring in 

a lot of speakers, maybe it’s a little like that technology management program.  We bring 

a lot of speakers in energy and energy efficiency and we get students interested in what 

the real problems are.  Fundamentally, what it comes from, in the case of UC Santa 

Barbara, is materials.  We have the number one materials department in the country 

according to the National Research Council and other places, and that’s really where it all 

comes from. 

 

 We make very good white light using blue gallium nitride LEDs because Shuji Nakamura 

made a fundamental materials breakthrough.  And we have very good polymer 

photovoltaics because Alan Heeger made a fundamental breakthrough which he got a 

Nobel Prize for for conducting polymers.  Similarly, the problems in our case for getting 

light out of these hybrid silicon lasers is having a very good interface.  Because our 

quantum walls are literally a hundred nanometers from this silicon interface and there’s 
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lots of edge dislocations there.  It turns out that the way we do it makes for very good, 

very stable interface.  So we have very good lifetimes, which was a complete surprise to 

me.  When you try and grow it epitaxly, which is what a lot of people do, and in fact 

Herb Kroemer tried for ten years at UCSB, you get threading dislocations.   

 

 So you can make a laser III-Vs on in silicon, but it doesn’t live at all, it has terrible 

lifetime.  Our approach works very well for it.  So in the end a lot of things come back to 

materials.  The institute has six solution groups and they’re in different areas.  One may 

be much more materials to make better photovoltaics, one is materials to make better 

lighting, so gallium nitride would make lighting, and one group is to make better thermo-

electrics.  We artificially change materials, but with nanostructures to make them better 

thermo-electric materials. 

 

AK: Is this all in the kind of electrical engineering computing field? 

 

JB: No, it’s broader than that.  So it’s a total of about forty faculty across a lot of departments 

and certainly the materials department and chemistry and physics in particular. 

 

AK: You’re director of this multi-disciplinary kind of institute under the auspices of the 

university that looks at materials, the ways to increase efficiency through the 

manipulation or discovery of new materials. 
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JB: That’s exactly right.  There were five people who started it, the most prominent of which 

is Jeff Henley, who is the former CFO and chairman of the board of Oracle, and four 

others.  They got together and said, “What are the real problems in our society and what 

might we be able to change?”  They looked at the fact that we’re using up all of our oil 

and in roughly a hundred years we’ll use up what took millions of years to generate.  We 

have climate change and we’re sending a billion dollars a day to the Middle East.   

 

 These are not sustainable traits that we have.  We could work on energy and there’s a lot 

of great energy centers around the country, but the decision was not to do that.  The 

decision was to focus on making things more efficient and using novel materials to make 

them more efficient.  To be honest, it was their vision and Jeff Henley’s in particular.  I 

was glad they chose me to lead it and it fits very much with what we’re trying to do with 

this whole hybrid silicon technology. 

 

AK: Yes, indeed.  It fits very well.  I was watching you on You Tube, actually.  (Laughter.)  It 

was a silicon photonics overview with Mario Paniccia and Justin Rattner.  You said 

something I wrote down, I want to ask you about.  “The two big inventions of the 

twentieth century; one was the invention of the transistor which led to the integrated 

circuit and the computing revolution.  The other one was the invention of the semi-

conductor laser which led to fiber optics and our whole communications revolution.”  I 

like that because it was one of those nice insights into the history of science, the 

invention of the transistor and the invention of the semi-conductor laser. 
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JB: Yes.  Ironically, they both happened a little over fifty years ago, and indeed I believe that 

by combining them together we will see some real synergy and it can lead to another new 

phase.  As an example, I mentioned earlier that you can run these things in fifty wafer 

lots.  It turns out we can put more avalanche photodiodes on a wafer than the current 

annual production.  The CMOS foundry would love to run lots of fifty wafer lots of these 

things, but what it means is that the cost per element, like an avalanche photodiode or a 

laser, pretty much close to zero.  So the value comes from integration of things together, 

and that’s very much where our field needs to go. 

 

 It’s not about making, even now, a better laser, a better modulator, a better detector, it’s 

how do you make a better transmitter and integrate lots of wavelengths together with the 

modulators and have much more functionality.  We don’t really think much about, does 

Intel or Toshiba make a better transistor; that’s not the question, it doesn’t matter.  It’s 

who makes the better integrated circuit.  That’s where our field is now changing.  So 

really, pretty much until now it’s been who has the lower threshold laser or a faster 

modulator.   

  

 But we’re now pretty much in that transition and that’s, again, what the transitioning to 

silicon allows you.  They have very good process control and they can scale very quickly.  

So a company like Aurrion makes a few wafers and they make a few chips, a few times.  

But if someone wanted a million of those, they actually could do it, and almost 

immediately.  That’s the power of the CMOS facility.  Bringing these two technologies 

together – communications and computing.  Communications has existed kind of 
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independently of computing.  But as I mentioned earlier, we solve real computing 

problems, which is getting signals off chips, and then they solve our problems of how do 

you make things with very good yield and very high volume at low cost. 

 

AK: That brings us back to the Tyndall Award, which acknowledges your international 

leadership.  I may be quoting from something you’re going to hear or have already read 

in your award citation.  “The international leadership in the development of novel 

optoelectronic devices, including your research in hybrid silicon lasers and photonic 

integrated circuits.”  

 

JB: I’m delighted to get it, but the point that’s very important to make is that it’s always a 

group of people, right?  I’ve never made, since I was a graduate student, a device in the 

lab.  There’s a long list of really brilliant students, Alex Fang being one, Hyundai Park 

did the – one of the things you’d mentioned was the hybrid silicon amplifier, hybrid 

silicon photodetector, that was Hyundai Park.  Or Yonbo Tang has made the fastest 

modulator and D. Liang is the one who made it work on large area substrates.  There’s a 

whole host of people and I’m very grateful to a very strong research group that actually 

does most of the work.  So I get the credit, which isn’t fair. 

 

AK: But you’re passing it along which is very honorable. 

 

JB: It’s appropriate. 
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AK: I can’t let you go without asking about recent times, which have been tough on the public 

higher education system in California.  As a resident of the state, it’s painful to watch 

these choices being made.  What you describe at UC Santa Barbara, it just sounds like 

such a fantastic public investment, and it’s painful to see that challenged in any way. 

 

JB: I think all of our institutions of higher education are potentially in danger of great decline 

and it’s very shortsighted.  Investments in new ideas and innovation and technology and 

just educating students is the way that I think we’re going to solve our problems.  Do we 

have an energy problem?  Absolutely.  Do we have a pension problem?  Absolutely.  But 

fundamentally, to me, it’s innovation that can solve it.  These are all very solvable 

problems and when you’re creating new jobs in new industries then you can pay for those 

pensions and solve that problem.  I hope as a society, we keep our eye on that fact.   

 

 As people pointed out in California, we may spend more money in prisons than you do in 

higher education.  That’s just dumb because all those people in prisons would really 

much rather be out and productive members of society doing something interesting.  

Let’s focus our resources and make the world a better place.  Innovation, we’ve seen over 

and over and over again, can do that. 

 

AK: You can’t find many better examples than what you’ve done at UCSB and your students, 

also, and the many things that your career represents along those lines.  So thanks for 

telling us about it. 
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JB: Okay, thank you very much. 

 

AK: Congratulations, again. 

 

JB: Good, very nice, Adrian.  Actually if we could add one thing that you may not know 

about.  You may not want to put it in, this is obviously up to your editorial thing.  But 

you might want to Google, “Unite to Light.”  What it is, is we’re combining all this stuff 

in the Institute, efficient gallium nitrite LEDs with efficient batteries with efficient solar 

cells, and using it to solve the fact that 1.4 billion people don’t have electricity, and so 

they read by kerosene.  If you read by kerosene, that’s equivalent to smoking two packs 

of cigarettes a day.  We’re just really starting, but we’ve now shipped 14,000 lights to 

thirty-nine countries.  It’s a fun thing and it kind of pulled a lot of the aspects of the 

Institute together.  I don’t know if you want to try and ask that and splice that in. 

 

AK: This is something that the Energy Efficiency Institute is doing. 

 

JB: Yes, it spawned out of it and then we started a non-profit called Unite to Light. 

 

AK: Well, that’s a great example.  We don’t have to edit that out or in, it’s right there, it’s part 

of our interview. 

 

JB: All right. 
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AK: Terrific, thank you. 

 

JB: Okay, good.  That was very nice, thank you Adrian.   

 

 [End of Interview] 


