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switching between channels is incomplete. This is a 
consequence of the variation in the nonlinear phase 
shift across the intensity profile of a pulse so that 
different parts of the pulse experience different 
switching efficiency. One solution has recently been 
demonstrated: complete switching was achieved by 
using temporal solitons for the pulses. The second 
problem is two photon absorption, specifically the 
ratio of the two photon coefficients to the nonlinear 
index coefficient.9 If this ratio is too large, no useful 
switching results—a useful figure of merit for assess
ing potential materials. 

A recent, very promising approach has been to use 
soliton effects in single fibers with pulse energies of a 
few picojoules.11 Here, the presence of an optical pulse 
changes the arrival time of a pulse of orthogonal polar
ization. The presence or absence of the pulse in its 
time window can be used to produce all of the logic 
elements necessary for optical processing. 

Fiber nonlinearities have been used to produce ul
trashort optical pulses.1 2 Pulses 6 fs long at 620 nm 
wavelength have been produced by chirping a longer 
initial pulse by way of the intensity dependent refrac

tive index in a fiber. The chirped pulse is compressed 
with a grating-pair dispersive delay line. At wave
lengths >1300 nm, an intense pulse is compressed 
directly by soliton effects. Various higher order effects 
then separate the 100-200 fs compressed pulse from its 
uncompressed background. 

Looking ahead 
What will happen in the next decade? Our crystal ball 
is no better than anyone else's. A safe prediction is that 
efficient doublers will find applications. As for soliton 
transmission and all-optical switching, a decision on 
their utility will emerge on time scales of a few months 
to a few years. Nevertheless, their physics will con
tinue to intrigue us in the coming years. And, of course, 
we can all look forward to new ideas and devices that 
are sure to emerge. 
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The increasing use of semiconductor lasers (SCLs) as 
optoelectronic components has led to recent efforts to 

substant ia l ly lower the 
threshold current of these la
sers. In addition, future com
puter interconnect circuitry 

(board-to-board, chip-to-chip) envisages the use of 

very large numbers of such lasers, on-chip, so that a 
major reduction of their power requirement is of prime 
importance. 

We can conceptually view the current supplied to an 
operating semiconductor laser as the sum of three 
components: 
1. The current needed to render the normally ab

sorbing semiconductor active medium transpar
ent—the transparency current; 

2. The current needed to compensate for end-mirror 
and scattering losses as well as for the residual 
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absorpt ion in the media bounding the act ive reg ion— 
the loss current; 

3. The incremental current needed to obtain the 
desired power output—the incremental power 
current. 

The threshold current of the semiconductor la
ser is the sum of the first two components. 

When we undertook, in 1986, an assault on the 
accepted low threshold value of -5 ma, the first 
task was to try to understand the magnitudes and 
the causes for each of the three 
current components. 

It is obvious that the main 
culpr i t is current " 1 " . Bas ic 
quantum mechanics and sol id 
state physics show that the 
semiconductor medium (i.e., 
that of the act ive region of a SCL) wi l l become trans
parent, at a given T, at some carr ier invers ion density 
which we may cal l Ntransp. It fol lows d i rect ly that the 

transparency current "1" is proportional to the volume 
of the active region. The obvious strategy is thus to 
reduce the act ive region volume, wh ich can be done 
most effectively by reducing the th ickness t (normal to 
the d i rect ion of current f low). 

It turned out, indeed, that convent ional double 
heterostructure lasers wi th t~1000-2000A were some
where between twenty to fifty(!) t imes too thick. 

The solut ion of reducing t to, say, t~50A takes us to 
the domain of quantum-well 
lasers, so we need to make 
sure that the above, some
what na ive , b o o k k e e p i n g 
does not run afoul of quan
tum wel l (QW) phys ics. The 
answer was "yes" and "no" . 
Theory 1 showed that a quan
tum wel l laser is pract ical ly 
capable of at most ~100 cm - 1 

of modal gain (due to wide 
plateaus of its dens i ty of 
states). This was no major 
problem, s ince in a QW laser 
the main loss is due to mir
ror t ransmissivi ty, so that by 
moderate coat ing one can 
easily reduce the requisi te 
losses, and thus the operat
ing modal gain, to <20 cm - 1 . A 
less important bonus was the 
fact that the differential gain 
of a QW laser is about double 
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that of a bulk laser, so that smal ler increments of 
current were required to overcome the losses. 3 

The above ideas were appl ied by us to a single Q W 
G a A s / G a A l A s laser. 2 , 3 Using act ive regions wi th thick
nesses of ~70A and coatings wi th R 0.8, threshold 

Ultra-low 
Threshold Lasers 

values of ~0.5 ma as shown in Figure 1 were readi ly 
achieved. The same considerat ions show that narrow
ing the w id th of the act ive region, increasing the 
ref lectivi ty, and reducing the length can lead to lasers 
wi th thresholds of a few microamperes! 4 We can look 
forward dur ing the next 10 years to commerc ia l com
puters incorporat ing thousands of sub-mil l iampere 
lasers to handle the vast number of bits shutt l ing 
between ch ips and between boards. 
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