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OPTICAL-GAIN ENHANCEMENT IN
RESONANT-CAVITY HETEROJUNCTION
BIPOLAR PHOTOTRANSISTOR THROUGH
EMITTER-EDGE THINNING

F.Y. Huang, G.L.Zhou, Z. F. Fan, G. B. Gao,
A. E. Botchkarev, B. Sverdlov and H. Morkog

Indexing terms: Opnccn‘ receipers, Phawtrmmsrors, Bipolar

dévices’

. The authors use a lateral emitter resistor in floating base
. .GaAs/InGaAs/AlGaAs , heterojunction blpo]ar photo-
transistors to reduee the “surface recombination in the vertical
wall of the emitter-base junction and increase the' photo-
sensitivity at low m]ecuon levels. The same procesk also
reduces the dark current in the reverse biased ool]ector junc-
uon ;

Owing to their potenual applications as pholorecewers with '

high-speed and wavelength-selective capabilities [I 2], thefe
has recently been a great deal of development in resonant-

cavity enhanced heterojunction bipolar- phototransmtors_

(RCE-HPTs). For practical applications of the RCE-HPTs in
" optical communications and optical logic, it is a:u-::q:fmtn::r that
small reverse-bias leakage currents and large optlcal gains. for
low-level photodetection are desirable..
- Recently emitter-edge thmmng in GaAs;‘AlGaAs double
. heterostructuré blpolar transistors (HBTs) has been used to
improve their emitter-base forward bias characteristics [3, 4].
In this Letter, we exploit the emitter-edge. thinning to enhance
the optical gain and reduce the reverse-bias leakage current in
a GaAs/InGaAs/AlGaAs RCE-HPT.

The RCE-HPT consists of a bottom mirror with 13 palirs of
quarter-wave stacks with a maximum reflectivity of about
90% at the central wavelength of 900nm. The t8p mirror is
formed by the senuconductor,falr interface. This gives a reflec-
tivity of about 30%. The absorber layer consists of 0:1ym

Iny.g5Ga,. Q,As on the top of the collector. The composition of

the layers is chosen such that light is only absorbed by this

thin InGaAs layer around the central wavelength. The total

thickness of the cavity is,adjusted properly to satisfy the phase

matchmg conditions glvi’ng a maximum quantum efficiency of
43% with an active layer thickness of 0-1 um [5].

The layer structure along with the cross-sectional view of
the device configuration is presented in Fig. 1. The epitaxial
1a'yers were grown by molecular beam epitaxy (MBE) on an

n*-GaAs substrate. The growth was initiated with a 0-5um

n*-GaAs buffer layer. A 13-period AlAs/GaAs ‘quarter-wave
stack serves as a high reflectivity mirror. A 527nm n*-GaAs
(n =4 x 10'® cm~?) was layer grown on the top of the mirror

as the subcollector. The active layer of :-Ino 0502g.95As of

" thickness 100 nm is sandwiched between the n*-GaAs collec-
tor (n =15 x 10'®cm
spaoer layer of thickness 10nm. What follows is a 100nm

p*-GaAs (p=5x10"*cm™3) base and a 10nm i-GaAs

. spaoer An n*-Alg.;Gay.;As (n =2 x 10'*cm

198nm was then grown as, the emitter. A 50nm n*-GaAs

(n="5 x 10**cm™3) wasﬁnallygrownasacaplayer '

~3) of thickness 527nm and the i-GaAs

=3) of thickness

e
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Floating base. RCE-HPT devices were fabricated by stan-
dard photolithography and wet chemical etching. Square
mesas (150 x 150 um?) were etched down to the GaAs sub-
collector layer. Ti/Au was then evaporated to form contacts to

_ light
. emitter | n*-GaAs 50nm
: o n-Al0-3GaAs 198nm
I:_'___i spacer ___| .i-GaAs10nm
' base p*-GaAs 100nm
. spager i-GaAs10nm -
active region i - In0-05GaAs100nm
. ;L collector n-GaAs 400nm

subcollector n*-GaAs 527 nm

g —

- device. The enhancement

QWS mirror n*-AlAs 76 nm
x131/2 n*-GaAs 63 nm
 buffer n*-GaAs 0-5pm
( substrate | )

Fig. 1 Schematic layer structure aud cross-secnoml view ‘of the

RCE-HPT

both the emitter and collector. The topography was such that

‘the incident light could pass thmugh a. square window

(50 x 50 um?) interior, to the emitter contact, as illustrated in
Fig. 1. For emitter thinning, .the fabricated . devices .were

covered by a filtered: phototesist (PR) and the emitter region -
exterior to the emitter contact metal was progressively etched
in an NH,OH':H,0,:H,0 (3:1:300) solution with an
etching rate of about 20A,fs The lateral resistor of the emitter-

edge, depicted as the areas enclosed by the dashed lines in Flg

1, was removed. by wet etching. -

The photoresponse of the RCE—HPT was’ mcasured usmg a
tungsten lamp as ‘the light source.  After ‘passing through a -
monochromator, the light beam: was focused.onto- the device. -

" The photocurrent signal:was then sensed by-a lock-in amph- :
.fier. The photocurrent response spestrum of ‘the:RCE-HPT is -

shown in Fig..2. The resonant cavity eﬂ'ect s ewdcnced by the :

100p=r= ---_-_,---_:--_-_'-'-. ' T
80;'
so_f
o

20k

~ photocurrent,arbitrary units

9240 9800

353/2

“a@ 8680.
wnvelength A

o] W— [ PR
7000 7560 -

Fig. 2 Photoresponse - of resonant-cavity
bipolar phor'atrausistor

enhanced  heterojunction

presence of resonance peaks around the expected wavelengths, -
in the spectrum. The main resonance peak deviates slightly -

" from the designed value, which may be due to a small devi- -
‘ation in the thickness of the optical cavity as compared to the

design. )
Enhancement of optical gain due to the reduction of surface

. recombination by surface recessing is presented in Fig. 3.

When etching. the lateral resistor of the emitter region, the,

" revese biased leakage current of a’'single device'was measured

progressively for each. etchmg step. The photosensitivity ‘at the
peak resonance wavelength ‘was' then mieasured for the same..
factor as represented by the ratio of
collector current (I),in & device exhibiting the smallest lcakage "
current by surtace recessing, to -that. wlthout surface recéssing

807 .



(Io) is shown as a function of the incident optical power
through the emitter window. As shown in Fig: 3, when the
optical power is high the collector currents for both cases are

4

collector current (/1)
~N

LN B e I I 0 B

1
0 e el L gl [ 1-.1..-'.“1; fmsa
10754 1074 103 e §

o . optical power, W EEETE

Fig. 3 Enhancement of collector current by surface recessing as function
of incident optical power P o
.~ Under high level light input, the ratio of the collector current with
~ surface recessing (I) to that without surface recessing” (1)
(enhancement factor) is close to 1. As the incident optical power

decreases, the ratio increases with a maximum enhancement factor:
of ~3 with the lowest light-power detected with our measurement -

apparatus. The collector current- at the largest incident optical
power is.~ 300 pA - .l .

nearly the same. This implies that the surface recombination
component is negligible for lirge photocurrent signals. As we
. Teduce the ‘optical power,.photocurrent- becomes smaller-and

the surface: recombination' beécomes sigriificant: As seen from .-

Fig. 3, & maximum enhancement of abouta factor of three has
measurement’apparatus. . :

In" conclusion, we have fabricated a resonant-cavity
enhanced . heterostructure bipolar  phototransistor with
enhanced optical gain at low level illumination by a proper

* been achieved for the lowest optical power detected with our _

surface recessing of the lateral emitter region. The. same |

process applied to the vertical walls of the base—collector junc-

tion also results in reduced leakage current in the collector ,

junction and hence low dark current. The reduction of dark

current and enhancement in the optical gain aré important for

low level photodetection.
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An-Nd**-fibre laser ‘pumped by a- single stripe laser diode
has been passively modelocked using a semiconductor satur-
able" absorber/end ‘mirror as the mode-locking element. A
6cm'length of heavily doped fibre was-used: to mitimise the
- effects of positive group velocity dispersion, and stable mode-
locking with pulses of -4 ps duration’ was obtdined at the laser
- wavelengthof 1083nm. -~ . o o

Recently, there have been a considerable number of reports on
the. development of passively modelocked Nd-doped lasers to
generate short pulses in the 1 um.wavelength Jregime [1-7). A
convenient 1 pm short pulse source should be Very useful ia a

! s’ spectroscopy and the

" electro-optic sampling of high speed integrated circuits. Both

~‘the Nd:YAG and 'Nd : YLF lasers ‘have been successfully

however, have relafively narrow gain bandwidths, which Timit
the shortest possible pulses to more than 1 ps, This limitation
may be circumvented by using disordered crystal [6] or glass

fibre hosts. With rare-earth doped’ bulk crystals, however,

‘relatively high pumppowers and low-loss laser cavities are

typically required, which limit the use of simple intracavity
saturable absorbers. The doped fibre thus Has its advantages,
as its strong waveguiding nature transforms it into a high gain.
medium with very low pump poweér requirements. A passively
modelocked Nd-doped fibre ‘laser producing femtosecond
‘pulses has been reported using nonlinear polarisation evolu-
tion as the modelocking mechanism [7]. Although this tech-
~ nique is capable of producing very short pulses, it is not easily

 selfstarting, and the optical powers ‘and fibre lengths required

to achieve sufficient nonlinearity to éstablish modelocking are
relatively large. With positive group velocity dispersion inevi-
table at this wavelength, fibre lengths should ideally be kept as-
short as possible to reduce ‘the- need for dispersion ‘com-
pensation with additional' components in the laser cavity. This
should not be a problem; however, as heavy Nd3* ‘concentra-
tions, and hence short fibres; are readily achievable without

" adverse clustering effects, = '

. In this Letter, we demonstrate a passively modelocked Nd- -
"doped fibre laser with a ‘short length of heavily doped fibre
and pumped with a single stripe laser diode. The' laser is méd-

elocked by an integrated semiconductor intracavity saturable © =

absorber/end mirror which also 'serves as one end of the laser

cavity. A’ similar ‘integrated semiconductor nonlinear mirror
has recently been used to achieve modelocking with an ‘Er3*-

doped. fibre laser [8],-and ‘the current work also serves to .
demonstrate the general applicability of this simple ‘technique
to fibre lasers operating at various wavelengths. Thé experi- -

* mental configuration is'shown in' Fig. 1, The phosphate gliss =~ =

" fibre is heavily doped with 1wt% of Nd**, and has 4 length"

+ - of only 6¢m. It has a spot size of 2:3 um and an N4 of 0-18. It
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