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Infrared multispectral detection using Si  /Si,Ge;_, quantum
well infrared photodetectors
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A modified p-type Si/SiGe quantum well infrared photodetector for multispectral infrared imaging
applications is demonstrated. In order to improve the detector’s performances we have used a SiGe
emitter and a low-temperature wet passivation process that give rise to a reduced dark current, even
at relatively high bias voltages. Multispectral photoresponse at the long, mid and short wavelength
infrared atmospheric windows was observed. The response peaks are assigned to the various classes
of intervalence band transitions in the quantum wells and in the SiGe emitter layer00®
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Midinfrared multispectral imaging is a major goal in X 10" cm™2, and a 500 A undoped Si barrier. In addition, a
modern thermal imaging systems. In principle, using the300-A-wide Sj//Ge, .3 emitter layer,p-doped to a level of
n-type GaAs based quantum well infrared photodetectordx10%cm™3, was grown on top of the QWs. The whole
(QWIPs technology~ one can design a multispectral detec- structure is capped with 5000 A top and bott@h * Si
tor by monolithically integrating several stacks of single-layers(p=3x10" and 1x 10'cm™3, respectively. For de-
wavelength QWIPS® However, several problems limit the tector characterizations, the sample was processed into a
applicability of this approach. For example, multicontact de-100-.um-diam mesa structure using standard photolithogra-
tectors (i.e., more than two contacts per detegtare not phy and wet chemical etching. Al metallization was used for
compatible with the current multiplexing technology. In ad- top and bottom ohmic contacts. The edge of the sample was
dition, the GaAs based QWIP technology cannot be used fapolished in 45° to allow light coupling in various polariza-
short wavelengths infrare@WIR) detection so that alterna- tion angles.
tive technologies should be used if imaging at this spectral We would like to point out several differences between
window is required. the QWIP structure used for our study and previously re-

An alternative approach, of using-type QWIPs, can Ported SiGe QWIPS:*! First, the use of lightly doped
also be employed for multispectral detectfof! In this case, N-type Si substrate forms a reverse biageén junction
there are several classes of inter-valence optical transitior@étween the bottorp-doped contact layer and the substrate.
that can be utilized for multispectral detection. The first clasdiowever, most of the depletion layer generated by this junc-
is related to intersubband transitioi$Ts) between heavy tion extends into the lightly doped substrate thus preventing
hole (HH) states of the quantum welQW) while the second parasitic substra?e reS|stan_ce c_ontrlbuuon to the device as
class is related to intervalence transitigh&Ts) between the well as free carrier abs_orpt|0n in the substrate. Second, in
ground HH state and mixed spin split-¢80) and light hole order to reduce the relatively large dark current, usually mea-

(LH) states'? Over the recent years there have been severszuer forp'tyPe S.iGe QWIP_S' we have_ used a SiGe emitter
reports onp-type QWIPS' -1 In most cases, it was found rather than Si emittefas routinely done in previous reports

that a relatively high dark current on one hand and a limited! € heavily dOp?(.j’ 300.'A'Wide’ SHO%.23 Iayer(which is_
ell below the critical thicknes¥’) serves as an emitter with

number of spectral response windows on the other hancg ractically ohmic contact to the o' * Si contact laver
limit the effectiveness of this approach. In this letter we P y ap yer.

show that, using a modified structure pftype Si/SiGe However, the SiGe emitter forms a Schottky-type contact to

QWIP > one can solve most of these problems and fabri'::znileeretgnwﬂzlteigur%zi?rﬂlweggﬂnQe\Ai/r: rggf\g ISV?/”SD'?"Z; a
cate a good quality QWIP for detection at both long- y '

. result, an energy barrier is formed between the SiGe emitter
wavelength IR(LWIR.)’ midwavelength IRMWIR) as well and the first silicon barrier of the MQW. This barrier is ex-
as SWIR spectral windows.

ected to reduce the dark current of the device, particularl
The SiGe QWIP used for our study was grown by mo-p P y

lecular b . high c Q at low temperatures. Finally, we would like to point out a
ecuiar, beam epitaxy on a hig reS|st|V|(31_500 cm) _technological advantage of using the Si/SiGe material system
n-type (100 Si substrate. The structure consists of 20 periy5s goes not exist for other semiconductors. In a previous

ods of SiGe/Si QWs. Each period consists of a 3O'A'W'dereport(using the current sampleve found that thermal treat-
Slo.77G€.2s QW, boron (p type) doped to a level of 9.6 ents up to 750°C do not cause degradation of the optical
properties of the structuré:® As a result, prior to metalli-
dElectronic mail: saar@vms.huji.ac.il zation, we were able to perform a wet thermal oxidation
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IG. 3. The integrated response vs the bias voltage for the erfstjeares

T at 4 um (circles, IST (up triangle$ and IVT at 2.5um (down tri-
angles response peaks. The solid lines represent the best fits of the experi-
mental data to the integrated response model.
process to the SiGe QWIP that results in a good passivation

of the device. Notice that the lack of a good passivation ) . .
process for GaAs based devices and for previously reporteff€!l correlated with our previous IR-absorption measure-
SiGe QWIPS could be another reason for device degradationents(see Fig. 1in Ref. Jand are assigned to HHIHH2
and a relatively high dark current. IST in the QWs, HH-(SO+LH) IVT in the SiGe emitter

For dark current measurements the sample was placed #f'd HHE>(SO+LH)1 IVT in the QWs, respectively. The
a shielded cryostat. Fig. 1 shows the current—voltdge/j ~ assignment of these transitions is based on previous IR ab-
characteristics at various temperatures. For a bias voltage §P'Ption measurements and Raman spectrostbpyThe
5V, the dark current is about 100 pA at 10 K angiA at 70 weaker(and_broade)rpeak at 4000 cm* was not revealed in
K. These values of the dark current are comparable to Gapk!€ absorption measurements probably due to the weaker
QWIPS even at relatively high bias voltages. Let us pointStréngth of this transition. We assign this peak to IVT from
out that the asymmetry of the-V (i.e., the lower dark cur- the ground HH1 subband of the QWs to the continuum of
rent for positive voltagesis expected in our structure since Mixed (SO+LH) states above the barrier height. This would
the emitter is made of SiGe while the collector is made oféXPlain the high-energy shoulder of this peak that is expected
silicon. to be weaker than bound to bourfdr quasiboung transi-

The photocurrent response of the SiGe QWIP is showr!ONs- o _
in Fig. 2(a). Measurements were taken at 10 K using a Fou- Another indication of the above assignments comes from
rier transform infrared spectrometéPerkin-Elmer system Measuring the polarization dependency of the photocurrent
2000 with the QWIP as an external detector. Four photocur'€Sponse. In Fig. (8) we show the response difference be-
rent peaks, at 1300, 1800, 2500, and a broad peak at aroufie€np-polarized transverse magnetitM) ands-polarized

4000cmt are clearly observed. The first three peaks ardransverse electri€TE) IR beams. Clearly, only the first peak
at 1300cm?, which was assigned to heavy holes IST, is

preferentially polarized along the growth direction as ex-
pected from the intersubband selection rules. The other tran-
sitions are not polarized at all as expected for IVTs.

The origin of the above transitions can be further inves-
tigated by plotting the integrated response, IR&®,., the
area below each peak in Fig(a?] versus the bias voltage.
This is shown in Fig. 3. The experimental data were fitted to
a simple model where the voltage dependency of the inte-
grated response is determined either by the drift velocity if
bound to continuum transition is assumed, or by the drift
velocity and tunneling through the extra energy barrier if
bound to boundor quasiboungtransition is assumedThe
fitting procedure, shown by the solid lines in Fig. 3, indicate
that the IST at 1300 cqt is related to a bound to bound
transition with the excited state locatedl9 meV below the
edge of the QWs. On the other hand, the IVT at 1800 and
2500 cm ! are related to bound to quasicontinuum transition
WY with effectively no barrier to tunnel. The most extreme situ-
; Y . ation occurs for the IVT at 4000 cm where the integrated
1000 2000 3000 4000 5000 response dependency on the bias voltage is very weak as

Wave Number (cm ) expected for a bound to continuum transition. The best fitting

FIG. 2. (a) The spectral responsivity of the SiGe QWIP for various bias to al:ﬁ pe_Eiks_l I_S obtained for a carr_ler S mObIIIty. .Of
voltages measured f@-polarized(TM) IR beams(b) The response differ- 600cnfV "s " in a good agreement with other mobility

ence betweep- ands- polarized IR beams for various bias voltages. measurements in similar structurés.
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FIG. 1. Dark current—voltage characteristics of the shielded SiGe QWIP a|
various temperatures.
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