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Laser operation of a heterojunction bipolar light-emitting transistor
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Data are presented demonstrating the laser operégjoasicontinuous,~200 K) of an InGaP—
GaAs-InGaAs heterojunction bipolar light-emitting transistor with AlGaAs confining layers and an
InGaAs recombination quantum well incorporated in fh#ype base region. Besides the usual
spectral narrowing and mode development occurring at laser threshold, the transistor current gain
B=Al./Al, in common emitter operation decreases sharply at laser threghéld:2.5,3>1).
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Since the discovery of the transistd6 December 1947, capped with a 1000 A heavily dopedtype GaAs contact
Bardeen and Brattajm the base currentminority carrier layer.
recombinatioi has been the key to the device operation, the  The HBLET laser fabrication is performed by first pat-
base current separating the low impedance injemtittey  terning 6 um protective SiN stripes on the crystal. The top
from the high impedance outptollecton and thus yielding  n-type Aly odGa, o As oxidizable layer is then exposed by wet
a “transfer resistor’ (“transistor). The base current, etching (1:8:160 HO,:H;S0;:H,0) to form a ~6 um
electron—hole recombination, is usually Igglissipated as emitter mesa. Next, a wide 15dm protective photoresist
heay but can for a direct-band-gap semiconductor yield sub{PR) stripe is placed over the emitter mesa and the unpro-
stantial recombination radiation. As the transistor hadected ApgdGayoAs layer is completely removed
evolved from point contact, tp—n junction, to llI-V semi- ~ (1:4:80 H0,:H,S0,:H,0), revealing the Ip,dGa 5P
conductor heterojunction bipoldHBT), to particularly high- ~ wide-gap emitter layer. The protective PR stripe is then re-
current density high-speed HBTwe arrive at the possibility moved and the sample is oxidized for 7.5 min at 425 °C in a
that the transistofHBT) can be modified and operated as afurnace supplied with hi+H,O, resulting in a~1.0 um lat-
three-port light-emitting devicean electrical input, electrical  €ral oxidation which forms-4 um oxide-defined apertures
output, and a third port optical outputThe three-port light- N the 6 um emitter m(_asg'. The samples are annealéd
emitting transistor(HBT — HBLET) can be substantially N2) at 430 °C for 7 min to reactivatp-dopants before the
modified and improved by incorporating a quantum well, orProtective SiN is removed by plasmdCF,) etching. A

multiple quantum well§QWS), into the p-type base region 10_0 um PR window is formgd over _the emitter mesa and
in order to “tailor-make”(redesigin the base recombination ]?X'de Iayelr, and Au—fGe/ﬁ\fu ';d?pﬁs'ted over the sample to
and thus the transistor electrical and optical prope?‘tlr’es. orm metal contact. After Iift-off of the PR to remove excess

: : tal, the 1g4dGa 5P layer is removed using a wet etch
This letter shows that the HBLET can be further designed tdm_3 - 049905
support stimulated recombination and be operated as a Ias%fl' 1 HCI:H,0), exposing thep-type GaAs base layer. An

We describe a three-port HBLET laser, and show how stimu]—c O-MTh W'de_tltDR wmdovx:j IS ther(; _ﬁ’_.‘rj‘tgrrfd .15 pm aw?yd f
lated emissionstimulated recombinatignis manifest in a rom the emitier mesa edge, and Ti-FL=Au IS evaporated 1o
transistor. contact to the base. Another lift-off process is then performed

The epitaxial layers of the crystal used for the hetrojunc-

tion bipolar light-emitting transistofHBLET) laser are O pm e -GaRs 8
shown schematically in Fig. 1, with as usual first a 4000 A 01 um: A GaAs 17

n-type heavily doped GaAs buffer layer, followed by a 035 nm Al < Gan oA Upper

600 A n-type Al GagAs layer, a 3500 A n-type =9 B - ose5d00z ><L3laddlng

Al odGay o AS layer, and a 400 A-type Al 4dGa dAS layer , 0.03 pm, n-Alo.70Ga030AS ayers
forming the bottom cladding layers. These layers are fol-  Emter kaver pizum. ninGel .

lowed by a 400 An-type subcollector layer, then a 200 A @W-BaseRegionj = B nGahs QW | Waveguide
|no.496<%.51P etch stop Iaye(not ShOWI), a 650 A undoped Collector Layer 0.065 um, i-GaAs Active Region
GaAs collector layer, and a 940 B-type GaAs base layer Sub-collector 8'8: — "ﬁaAé —

(the active layey; which also includegin the base regiona e Bottom

120 A InGaAs QW(designed foi =~ 980 nm). The epitaxial 0.35 um, n-AlpssGanaAs ’fgi?;"g
HBLET laser structure is completed with the growth of the 0.06 pum, n-Alo.4Gageohs | |

upper cladding layers, which consist of a 1200nfype 0.4 um, n*-GaAs

INg 4GP wide-gap emitter layer, a 300 An-type

Al 7dGay 3As oxidation buffer layer, a 3500 An-type Sl-GaAs Substrate

Alg odGay goAS oxidizable Iaye?, and a 1000 A n-type
A|0_40G5b.60A3 |ayer_ Finally, the HBLET laser structure is FIG. 1. Diagram of the epitaxial layers of a crystal used for a heterojunction
bipolar light emitting transistofHBLET) operating as a transistor and laser.
A recombination guantum we{QW) is incorporated in the-type base and
3Electronic mail: walterl@uiuc.edu cladding structure.
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FIG. 3. The transistor—V curves of an HBLET lase(crystal of Figs. 1 and
FIG. 2. Top view(left photograph of the HBLET crystal of Fig. 1 etched in ~ 2) with ~260 um spacing between the Fabry—Perot facets. At a base current
steps and metallized for transistor emitt&), base(B), and collector(C) 1,=8 mA, the HBLET reaches laser threshold and changes transistor gain,
contacts. On the right the HBLET laser, with 2p@n Fabry—Perot facet ~ B=Alc/Aly, from 3=6.5 to 2.5 or(e=4/(5+1)=0.87—0.71).
spacing, is pulse operated so as not to saturate the CCD camera. The laser
light beam is scattered from a Cu platform and labdiedat the top. The L .
contact probegdark shadowson the emitte(E), basg(B), and collectoC) distinct decrease in the current gath Beyond threshold,
are labeled Exg, Bprs and Gge. I, =11~ 8 mA, the differential gainB decreases from 6.5 to

a nearly constant value of 2.Gv=p/(B+1)=1./1,=0.7D.

, Since B can be approximated as the simple raﬁg:/rt,8

to remove excess base contact metal. A 150 PR window \yhere 7. is the averagécarrien base transit timgwhich is
is then patterned-6 um away from the base c_ontact. The_ almost the same below and above threshaldd 7, is the
GaAs base and collector layers are removed using a selectigerage electron lifetime in the base, the electron lifetime is
etch (4:1 GHgO7:H;0,), and the 1g4dSas:P etch-stop  yequced by a factor of 2.6 because of the stimulated recom-
layer is removed by a wet etdqfi6:15 HCI:H0), exposing  pination of the carriers collected in the 120 A QW. The QW
the heavily doped n-type GaAs subcollector layer. operates as a pseudocolletand can be adjusted to govern
Au-Ge/Au metal alloy is evaporated over the sample forthe base recombination and thus both the optical output and
contact to the exposed subcollector layer, and another lift-offransistor gair(3). We mention for comparison that at room
process is performEd to remove excess metal. The Sample f@mperature we obser\(data not Show)']a differential cur-

then lapped to a thickness of75 um and the contacts an- rent gaing of 10 atl,=2 mA and 30 at 8 mA(or current
nealed. The HBLET samples are cleaved normal to the emitransfer ratio,a=1./1, of 0.91 and 0.9

ter stripes to form Fabry—Perot facets, and the substrate side |n Fig. 4 we show, in quasicontinuous operati@8%
of the crystal is alloyed onto Cu heat sinks coated with In. duty cycle at 60 Hg, the recombination radiation spectra of
A processed, metallized, and cleaved HBLET lagep  the HBLET device of Fig. 3, but with slightly increased volt-
view) is shown on the left-hand side in Fig. 2. The contactage biasVe to increase the reverse bias on the base-
probes on the emitte(E), base(B), and collector(C) are  collector junction. At(a) |,=6 mA, the HBLET recombina-
shown schematically resembling the actual proEsgs,  tion radiation exhibits a peak wavelength of 954 nm and a
Bpre and Grg) On the operating device at the right. The spectral width of~280 A. At(b) 1,=8 mA, we see the onset
image on the right-hand side is obtained with a video CCDof stimulated emission with distinct spectral narrowing and
detector and showshv) the device laser bearphoton$  mode development. Afc) 1,=10 mA the laser modes are
scattered from a Cu platform located slightly lower than the

laser crystal, which, as shown, has-200 um spacing be- Energy (eV)

tween the cleaved Fabry—Perot facets. Current and bias volt- 1.25 1.30
]

age (common emitter operatiorare provided using a Tek- |nGap_GaA'$IGaAS aw
tronix Model 370 high resolution curve tracer connected to HBLET Laser

the HBLET by the three probes labeled:ds, Bprs and
Cpgre Iin Fig. 2. The HBLET laser is operated200 K in a

dry N, environment.

The transistot —V curves of another HBLET laser with
~260 um spacing between the Fabry—Perot facets are
shown in Fig. 3. As the base currehy, is increased in 2 mA
intervals from 0 to 8 mA, we observe the usual increase of =) =
differential current gainB=Al./Aly, in this case fromg c )(c)
~2 at lower current to 6.5 at higher current. Light versus 10'20 L 9J76 .
Ve measurementd,, constant, data not showmdicate that Wavelength (nm)
radiative recombination improves &g increases and then
decreases at the onset of reverse breakdown. Ngar FIG. 4. The re_co_mbination radiation spectra cprresponding to the transistor
=8 mA, and ad/cc is increased, however, stimulated recorn | SIASeTslcs o e HELET laser of Fo 3 48 176 A e
bination (stimulated emissionbecomes significant, and the i) width of ~280 A. Spectral narrowing and laser modes appeabgt

HBLET operates both as a laser and a transistor but with 8=8 mA, and only laser modes @) 1,=10 mA (A\=958 nnj.
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fully developed(A =958 nm), clearly indicating transistor la- for help in constructing some of the experimental apparatus,
ser operation, which is evident also in Fig. 2. We note thaand B.L Payne for manuscript preparation. N.H. wishes to
the 200um-long HBLET laser of Fig. 2(right-hand sidgis  thank the Sony Corporation for the support of the John
operated with pulsed base curr¢h® duty cycle at 1 MHy  Bardeen Chair.
to prevent saturation of the Si-CCD viewing camera.
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