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Photoresponse of Microwave Transistors to High-
Frequency Modulated Lightwave Carrier Signal

Luiz E. M. de Barros, Jr., Arthur Paolell&enior Member, IEEEMichael Y. Frankel,
Murilo A. Romero, Peter R. Herczfeldkellow, IEEE,and A. Madjar

Abstract— Described in this paper are the photoresponse the incident illumination, as proposed by Edwards [5]. Madjar
characteristics of ~microwave transistors, both unipolar et al [6], [7] derived a detailed analytical model to explain this
[metal-semiconductor FET's (MESFET's) and modulation-  henomenon, which is supported by extensive experimental

doped FET's (MODFET’s)] and bipolar [heterojunction bipolar h . g d ind d ical simulati
transistors (HBT’s)]. Investigation includes time- and frequency- © aracterization [8] and an independent numerical simulation

domain measurements. For unipolar devices FET'’s, the two (9l
dominant photodetection mechanisms, photoconductive and  Photoconductive detectors employing GaAs and InP [4],
photovoltaic, are clearly identified within the same device for [10] modulation-doped heterostructures were investigated by
the first time. It is shown that even high-speed FET's are limited , gg| | ahoratories research group in the early 1980’s. These
to a photp_mc_bandmdth of a f_ew megahertz, if photodetection devi h terized in the fi d . . high
and amplification are to be achieved simultaneously. In contrast, d€VICES Were characterized in the tume-domain using high-
bipolars HBT’s can provide optical gain up to the milimeter- speed sampling techniques, and yielding encouraging results.
wave range. It is shown that their bandwidth to a modulated Specifically, a 12-ps rise time and a 27-ps full width at half
optical input is closely related to the microwave bandwidth, and maximum (FWHM) impulse response was obtained. Similar
that parameters such as base-access resistance and base-emitte : : . .
capacitance are critical to photoresponse optimization. i?r?‘nuelttjsa(\al\t/eeile [?:]hszEdFZ'[Stg]r?n;rzttoglor[rflz?tlﬁ'lete(;::tglgtlij:r? by
Index Terms—Heterojunction bipolar transistors, microwave  nrocess was attributed to the direct collection of photoelectrons
transistors, optoelectronic devices, photodetectors, phototransis- by the 2-DEG channel
tors, transient analysis. - . . . L .
Y These time-domain results implyiregpriori large detection
bandwidth seem to be in conflict with direct frequency-
l. INTRODUCTION domain bandwidth measurements, reported by several research

HE effects of illumination on microwave transistors an@roups [13]-{15]. In the frequency-domain, the high-speed
related structures have been the subject of several [@sponse is measured by a microwave network analyzer. When
vestigations. The main motivation for this line of researceompared to conventional photodiodes, these devices generally
has been to combine photodetection and amplification indiplay high optical gain at lower frequencies and yield a
single transistor, potentially simplifying the monolithic opticakseful output signal well into the gigahertz range. However,
receiver configuration. Furthermore, the inherent nonlinearityeir 3-dB bandwidth is only a few megahertz. This seeming
of these transistors renders the possibility for mixing of theontradiction between the time-domain and frequency-domain
modulated optical carrier with a microwave local oscillatofeasurements can be resolved if one notes that theoretically
(LO), providing for simultaneous up or down-conversion anthe photoresponse of MESFET's [6] and MODFET's [16] is
demodulation of the information signal [1], [2]. In this papergomprised of two detection processes, namely a large slow
the gain and bandwidth characteristics of microwave transg@mponent (photovoltaic) with a low-frequency responsivity
tors illuminated by time-varying optical signals are considered@hich exceeds 10 A/W, and a faster, but much smaller,
The study of field-effect transistors, namely th&esponse (photoconductive) caused by the direct collection of
metal-semiconductor FET's (MESFET's) [3] and thghotogenerated electrons.
modulation-doped FET's (MODFET'’s) [4], as high-speed The slow component, a result of backgating caused by
optical detectors started in the late 1970's. Subsequentthe accumulation of photogenerated holes within the device,
some initial disagreement, it was established that the domin&ats already been explained [7], [8], [16]. However, no direct
photodetection mechanism in the MESFET is backgatingxperimental evidence of the existence of two photodetection
caused by the modulation of the channel-substrate junctionfiagchanisms in the same device has ever been reported.
It is important to point out that there is no correlation be-
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bipolar transistor structure, the phototransistors (PT’s). These TABLE |

devices were improved in terms of gain with the use of COM?:)%Lﬁ?iﬁg‘SC%%‘“F’FFEESSEE‘%;Uig';ETETS
heterostructure PT's (HPT's) [18], [19], but still suffered from

speed limitations. In 1991, Chandrasekleral. [20] have MESFET MODFET
shown that exploiting the third terminal of the HPT with a Low  frequency (Vo — Ve )22 m(1+0)KemTy
suitable electrical bias improves both its gain and bandwidth, intermal  response  (drain ve b
More recent work on this type of device, namely the hetero#hotoveltaic fphotocurrent) Ref. [7] Ref.[23]
junction bipolar transistors (HBT’s) [21], [22], demonstrated cut-oll frequency | we = wy + @ o -1/2nT,

that the gain-bandwidth product to a modulated optical input : -
is directly related to their microwave properties. FAmPohie G

Low  frequency N

The goals of this paper are: Photo- response  (drain Gp)[liﬂ]' oL (1 ~05chep )| abo,m{1—exp(-oW)
1) to provide conclusive experimental evidence of the fastconauctive | photocurrent) v
and slow detection mechanisms in microwave FETS; Ref[23]

. . : ) Ref. [7]
2) to investigate the relation between the electrical band-

width and the bandwidth to a microwave modulated e P O =12
optical signal in the FET's and HBT's; Tow  Troquency

3) to discuss the gain-bandwidth characteristics of all thregy; g yave | gain R, R,
types of microwave transistors, both theoretically and T T P Ve TR

experimentally.

Il. THEORY

In this section, the photoresponse gain and bandwidth tgs .VOIE)ag\i IS t?he rehsult Olf thg trr?odulbat;ont of6th|e tphote,\r/}gaé
the three microwave transistors, MESFET, MODFET, ar)%arrler etween the channel and the substrate [6]. In the i

HBT, are discussed. The MESFET and the MODFET a ET, itis caused by the modulation of the quasi-Fermi level in

voltage-controlled devices and the HBT is a current-controlléﬁe channel due to accumulation of holes at the buffer/substrate

device, a fact hat s major mpicaton regaring thelf 122 (1) 1 bl eves: e phovola efetcan be
optical characteristics. Specifically, the optical illumination P y 9 9 P

which may be considered an additional control terminaﬁs“bc pair in parallel with a c_urrent soyrdeﬂ. I?hysmally,C
the channel/substrate barrier capacitance in the case of the

always generates electron—hole pairs, a primary photocurr IESFET [6], and it is the change in quasi-Fermi level with

It will be shown that this primary photocurrent gives ris : . :
to fundamentally different photodetection mechanism for g e density [2.3] for th_e MODFET ., is the substrate
FET's and the HBT, resulting in greatly varying opticaf'aSIStance and;, IS the primary photocurrent gent_arated.
responses. Table | summarizes the_ low-frequency expressions and cut-
off frequencies of the different photoresponse components
. . ) for these devices. Referring to Table#, depends on the
A. Field Effect Transistors: MESFET and MODFET layer structure and external geometry of the MODFHT,
The photodetection mechanisms of MESFET's and MODs the density of states in the 2-DEG channe), is the
FET's are similar in many respects. According to modekharacteristic time constant of the internal photovoltaic effect,
developed by Paolellat al. [6] and Romercet al. [16], the 7 combines the carriers transit time to reach the 2-DEG
intrinsic photoresponse of these devices may be accounggfhnnel and the transit in the chann#l,, and V,n, are the
for by two basic transport mechanisms, namely the interngdannel/substrate barrier potential and photovoltagés the
photovoltaic ({;;) and photoconductivél,.) effects. The index of modulation,4; is the illuminated areah; and hop
total photocurrent is the sum of these two currents are the gate depletion region and channel opening due to light,
Lt = Lowi + L. L @ is the total channel width underneath the gate &pds the
gate access resistance. The other factors are commonly used
The photoconductive effect is the result of increase imarameters.
conductivity due to photogenerated carriers. In the MESFET, The expressions reveal the distinct cutoff frequencies for
these carriers are generated in the channel while in thach photodetection mechanism. The photovoltaic effect dom-
MODFET they are created in the depleted buffer regiomates the spectrum at low frequencies below The photo-
being drawn to the 2-DEG region by the heterojunctionoltaic effect cutoff frequency in the MESFET increases with
built-in electric field. The photoconductive component of theptical input power and it is governed by the facter, related
photoresponse in the MESFET is calculated by solving the the channel-substrate barrier. The photoconductive cutoff
continuity equation in the direction of light absorption in thelepends only on material parameters and on the specific device
channel and in the MODFET by solving for the drift currenstructure, therefore, invariant with optical power. Fig. 1 shows
due to carriers generated in the depleted buffer layer. the low-frequency components as a function of the incident
The photocurrent in the photovoltaic effect is a two-stepptical power for the MESFET. Significantly, the ratio of the
process where a primary photocurrent generates a voltggtovoltaic to photoconductive current is large, in the range
which controls the flow of thermal carriers. In the MESFETof 50—60 dB at an optical input of 1 mW. For low intensities,



1370 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 45, NO. 8, AUGUST 1997

102 - - 70 in

o e Ipvidlpe . ()
FRTCH P NG 60 . ~— r
o 10! : — “H ¢
2
g 102 &g + Cpe
g 100 < R v, L R
g2 10 _
g 104 .% t Rbe be ’% G, ngbC L
5] — be
@
B o10®
5 107 Fig. 2. Common emitter small-signal equivalent circuit for the HBT under

illumination.
108
10° ; ' 0
0.01 0.10 1.00 10.00 B. HBT

Average incident optical power (mW) ) ) ) )
. X . ¢ incid The illuminated HBT differs from the FET'’s in the sense
Fig. 1. Low-frequency photocurrent components as a function of inci PP _ . :
optical power. Parameters were estimatedat= —0.5 V, L1 = 30 mA. efﬁat _|t is a current-controlled current_ source device. When
illuminated from the top, most of the light is absorbed at the

_ o _ . depletion region between base and collector. This region is
both components increase with intensity. Beyond a C”t'cﬁnalogous to a built-in p-i-n diode (p: base, i: collector, and

point Fhe photovoltaic current decrea:s_es with in.tensity. This subcollector), which provides an electrical ingut,) to
is attributed to the fact that the RF gain (proportionabl)) he pase circuit which controls the thermal carriers flowing
depends on the dc value of the photovoltage. At very lopom emitter to collector [24]. In this case, the current-to-

light levels even a small change in barrier width results in @, rent process allows for a much faster (similar to microwave

considerable change in channel opening, increasing the 9githayior) detection performance while still maintaining the
with light intensity. At higher intensities, the barrier is greatly,herent device current gain.

reduced and the modulation of its depletion region represents j,qer small-signal approximation the common emitter
a proportionally smaller fraction of the channel. Therefore, ﬂlfquivalent circuit of the HBT under illumination can be

RF gain will decrease with optical power at moderate to hi%presented as shown in Fig. 2. Although simple, this model
power levels. These results indicate that for FET devices thege;y adequate representation of the HBT under illumination
exists an optimum illumination level for best gain-bandwidtfng 4jiows for an analytical solution of the dynamic response.
product. , , o _ The small-signal approximation implies that the change in
Consequently, enhancing optical coupling in such devicgs ' .,,sed by the modulated light signal is small compared to
may not be beneficial in terms of overall photodetectiofqs thermal potential (26 mV). The termination resistés
performance. Furthermore, since the photoconductive cutgffy R, are connected to the base and collector of the HBT.
frequency is independent of iIIumination level, the ratio bel-he currentl;, is the primary photocurrent generated in the
tween the bandwidth of the two effects is always a decreasiggse_collector depletion region. The frequency response of the
function of intensity. Similar results are predicted for the.c it is limited by the input circuit impedance combined with
MODFET. In this case, estimating from the low-frequency e wjiller effect component of capacitet,. In an approach
response of the measured device (Section Ill), as in [23mijar to Frankelet al. [22], where the common-collector
7, = 0.16/BW = 8 ns, whereBW is the bandwidth of the qnfig ration was used, it can be shown that the transient time
photovoltaic component. Replacing this value in expressiofgnstants of the transimpedance gdiits) = V,(s)/Ii(s)

shown in Table | results in a ratio between the photovoltaj, ihe circuit in Fig. 2, are roots of the following polynomial:
and the photoconductive response components of 17-20 dB,

due to uncertainty on some of the parameters. $2 4 S[Rin(cbe + Cbe) + (e + Rp)Che(l + g flin)]

In order to verify the theory, the response in both devices 2
should rolloff at 20 dB/d aftetv = w¢e and become flat again + i? =0 (2)
once the photoconductive effect is dominating over the photo- T

voltaic [24]. The MESFET and MODFET photoconductivavhere Ry, = (R; + 73)/Rpes 7 = (RinChe(re + Rr)Che)s
responses will start rolling off for frequencies higher thaand Cy,. is the combined depletion and diffusion base-emitter
(aL,)?/7, and 1/7,,, respectively. It should be stressed atapacitance.
this point that the design considerations for a faster microwaveUnder moderate bias currents. = 1.4 mA), (2) solves to
FET, such as reduction ak,Cys product, do not affect the -, = 31 ps andr, = 1.7 ps where the circuit parameters,
photoresponse characteristics. extracted from microwave measurements, age:= 11 £,

In summary, theoretical considerations for the FET’s prediet = 5 €, Rpe = 650 €2, g, = 52.69 x 1072 S, C},e = 300
a fast but small photoconductive current and a large but vefy and Cy,. = 54 fF. The load resistance ang, are 5012.
slow photovoltaic response. The photovoltaic component isAs a result, assuming a Gaussian impulse response, the HBT
slow because it involves a process of converting the primaig/expected to have a photoresponse 3-dB bandwidth in excess
photocurrent into a photovoltage to control the flow of thermalf 12 GHz. As the bias current is increased, the roots of
equilibrium carriers, a process governed by an inherently lar(® lead to larger transient time constants and consequently
RC time constant. a slower photoresponse. This behavior is expected since the
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Fig. 3. Experimental setup for frequency-domain measurements of the pho-
toresponse spectrum of microwave transistors.

photoconductive
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total base-emitter capacitance will increase with current flow at 5 5
moderate biases [25]. Under small signals, the low-frequency 75 l— : — F :
gain of the photoresponse is proportional to the transcon- 010 1001000 10000 1000.00 10000.00
ductance which increases with collector current. Therefore, a Frequency (MI2)

tradeoff between gain and bandwidth is apparent for the HBHig. 4. Photoresponse spectrum of the MODFETVat = —0.2 V,

In order to fully characterize the photo-dynamic processé@ = 16 mA.

in these microwave transistors and clarify the discordance in

the literature, both frequency and time-domain experiments 10000 T
were performed in all devices. '

Ill. FREQUENCY-DOMAIN CHARACTERIZATION
10004 -ff-- - -

A 20-mW semiconductor laser operating at 830 nm coupled
to a single-mode fiber was used as the light source in Fig. 3.
The microwave signal was superimposed on the optical carrier
by means of an electro-optic modulator (8-GHz bandwidth). ; : :
The modulation index was 15% for all experiments and 5 s s e o
illumination was perpendicular to the electrode surface of the Average incident optical power (mW)

devices. The device output current was amplified and displayed . , ,
Fig. 5. MESFET gain-bandwidth product as a function of the average
Ci

in a spectrum analyzer. A low-noise amplifier (LNA) was US€6hcident optical power. A commercial p-i-n diode (0.4 A/W) with signal
specifically in the case of the photoconductive component @ftput of —45 dBm at 1 mW of optical input and modulation index of 15%
FET's (f > 300 MHz). is used as reference for gain. The 3-dB bandwidth is used when calculating
The AlGaAs/GaAs microwave MODFET's investigated hag] @ gain-band product.
a gate length of 0.2m, fr = 58 GHz atl;; = 16 mA and
areas between gate and drain electrodes»fl® ym?. For the case, the gain is defined with respect to a high-speed p-i-n
first time, two distinct cutoff frequencies are clearly identifiediode (0.4 A/W) which produces an output signal power of
in the photoresponse spectrum shown in Fig. 4. The first cutefd5 dBm at 1-mW optical power with modulation index of
(around 20 MHz) is due to the internal photovoltaic effect. ThE5%. Typically, 2.5-GHz peak gain-bandwidth product can
second cutoff~ 1.0 GHz is attributed to the photoconductivebe achieved at the optimum illumination level. Overall, very
effect. Furthermore, the ratio between these two photorespogsed agreement is observed between theory and experiment.
components (16 dB) is in good agreement with the predictedThe normalized spectrum of the MESFET photoresponse
value (17 dB). It should also be noted that the rise of thia relation to the above-mentioned p-i-n diode (0 dB line),
response at very low frequencies is due to the response of iieshown in Fig. 6. The photovoltaic bandwidth is 9 MHz,
biasing circuit of the MODFET. The gain-bandwidth producwvhen biased atV,, = —0.5 V, and presents a 20-dB/d
is a monotonically decaying function of the incident opticalolloff, as expected. However, at this bias level the difference
power, as reported elsewhere [16]. between the photovoltaic and photoconductive response is
The GaAs MESFET had the following characteristiceestimated to be 55 dB, which effectively precludes the direct
R, = 1x109-€) channel thickness under the gate of 0,28 observation of the photoconductive current. In other words,
doped at 4.45x 10'7 cm™3, f, = 20 GHz at Iy, = 30 for this case,(aL,)?/7, < 9 [7], which means that the
mA. The analytical expressions in Table | and the results photoconductive effect would reach cutoff before becoming
Fig. 1 demonstrate that the ratio between the two photocurréin¢ dominant component in the photoresponse. However,
components can be as high as 55 dB, for a typical microwalg driving the MESFET close to pinchoffi,, = —1.1
transistor biased at open-gate conditidf (= —0.5, I4s = 30V, the transconductance is greatly reduced, minimizing the
mA) and illuminated by moderate optical powers ranging fropphotovoltaic effect and, thereby, allowing for the observation
0.5 to 1.5 mW. Furthermore, the gain-bandwidth produdf the photoconductive contribution, as clearly illustrated in
(shown in Fig. 5) is dependent on the optical input powecurve b of Fig. 6. The photoconductive cutoff is 3.5 GHz.
Both simulated and theoretical results determined 0.6-m@urve ¢ of Fig. 6 is the measured MESFET microwave
average incident power as the optimum illumination level fdelectric) response, actua$t21, with 3-dB bandwidth of
the best gain-bandwidth result in this particular device. In this GHz.

Gain x Bandwidth (MHz)

Vds=2.0V
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Fig. 6. Curves: andb are the MESFET normalized photoresponse spectrum @
at Vgs = —0.5 V, Iys = 30 mA, and Vgs = —1.1 V, Iy, = 3 mA,
respectively. The gain is normalized with respect to the reference p-i-n diode
(0-dB line). The average incident optical power is 1 mW. Cueves the 0.90
microwave (electric) responsg21 of the MESFET atVy, = —0.5 V, 0.80
Iss = 17 mA. The bias points it and ¢ are the same. The difference
in drain current is due to the optical input.
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0.70
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. & 0.50
These results reveal the small correlation between the

photonic- and electronic-response speeds. Specifically, the
photovoltaic bandwidth is three orders of magnitude smaller
than the electrical bandwidth. Similar results are observed for

0.40
0.30

0.20

the MODFET, which presented microwave gain-bandwidth 010 ; ;

product( f) of 58 GHz at 16 mA. v - T T
The n-p-n self-aligned HBT structure consisted of 5300 Frequency (GHz)

GaAs n-doped at % 10'® cm—3 sub-collector, 5006k GaAs (b)

intrinsic Co”eQ,IOf' 800A GaAs p-doped at 2x 10" cm=? Fig. 7. (a) MODFET normalized drain current response to optical impulse

base, and 40@ AlGaAs n-doped at 5< 10t cm—3 emitter. excitation for different bias conditions: open chanigl, = —0.2, Vy, = 2 V

The emitter-cap layer width is 300é and doped at 2x and pinchoff,Vys = —1.0 V, V45 = 2.0 V. (b) Amplitude Fourier spectrum

10'® cm™3. The illuminated area is 1.5 10 zm?2. The HBT of the impulse response.

photoresponse follows its microwave characteristics. In this

case, the bandwidth-limited (8-GHz) frequency measuremasiclearly comprised of two time constants: a short one related

setup described earlier is unable to characterize the compligtehe fast rise time (photoconductive effect) and a long one

photoresponse spectrum of the HBT. Therefore, to investigatlich is identified by the slow decaying oscillations. The

its high-frequency response, a time-domain measurement safugtiple peaks in the trailing edge of the pulse are caused

is used. by the repetition rate of the laser which is faster than the
photovoltaic response (long time constant). Under pinchoff

IV. TIME-DOMAIN CHARACTERIZATION conditions, elimination of the slow photovoltaic response

The MODFET and HBT were characterized in the tim@roduces an impulse response with a faster fall time and an
domain using a mode-locked Ti:Saphire laser operating at 8averall larger bandwidth, at the expense of gain. Fig. 7(b)
nm. The generated pulses were 120-fs wide with 100-MHepicts the normalized Fourier amplitude spectrum of the
repetition rate and maximum average optical power of 4impulse responses of Fig. 7(a). The flat region in the open-
mW. The devices were illuminated from the top and thghannel curve marks where the photoconductive effect starts
incident-beam spot size was adjusted so that coupling efficié@-dominate the photoresponse, confirming the microwave-
cies were the same as in the frequency-domain experime#@main results shown in Fig. 4. With the device under pinchoff
The photoresponse measurements were performed witteaiditions, the 3-dB bandwidth of 1 GHz for the photoconduc-
50-GHz sampling oscilloscope using 60-GHz coplanar wavtive effect is clearly identified in the Fourier spectrum. These
guide (CPW) probes, presenting an apparenf)Stapedance results using time- and frequency-domain measurements, for
to the devices under test. the first time, conclusively validate the existence of the two

The normalized impulse response, with respect to petikie constants, as predicted by the theory.
value, of the MODFET with two distinct bias conditions, The HBT impulse response in a common-emitter configu-
open channell, = —0.2 V, I;; = 16 mA) and pinchoff ration is analyzed in Fig. 8(a) and (b) as a function of biasing
(Vgs = —1.0V, Iys = 0.08 mA), is shown in Fig. 7(a). At current. In Fig. 8(a), FWHM of 20 ps is obtained for a collector
Vgs = —0.2 V the MODFET has maximum transconductancesurrent of 10xA and 31 ps for a current of 1.4 mA. The
and atV,, = —1.0 V the dark current in the channel isFourier amplitude spectrum of the two curves, at 1.4 mA and
negligible. Under open-channel condition the impulse response n.A, with bandwidths of 4 and 10 GHz, respectively, is
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divergence between measured and expected transient duration,

1.00
i SECINS : ' T especially at lower currents, is attributed to the influence
3 OBOF —f of two-dimensional (2-D) effects such as the base-spreading
4 . resistance and the external base—collector capacitance, not
E.. 0'605 """"" 3 represented in the model of Fig. 2. However, a good overall
E 040k agreement is observed. Significantly, these results reveal that
g f Coliector current (LA) the gain and bandwidth of the HBT for microwave or optical
g 020f e —10uA — - inputs are correlated and nearly identical. In this case, the HBT
s | J ; 1 : : : presentedfy of 28 GHz at 1.4 mA. This implies that a faster
0001 =t R T e gt microwave HBT (smallk,C},. and low-spreading resistance)
mof hﬁ invariably leads to a faster optical detector.
300 400 500 600 700 800 900 1000
Time(ps) V. CONCLUSION
@ The photoresponse characteristics of microwave transistors
1.00 ey — ~ such as MESFET's, MODFET’s and HBT’s were theoreti-
0.90) oo ™ ! cally and experimentally investigated. The confusion regard-
0.80 ing the photoresponse speed of microwave MESFET’s and
0.70 MODFET’s was resolved by the first complete characteriza-
. 060]- tion of the two dominant photomechanisms in these devices.
2 050l By using frequency- and time-domain techniques, the high-

gain slow photovoltaic effect, and the small-gain, but fast,
photoconductive mechanism were clearly identified in the
same device. Although having microwave (electronic) gain-
010 bandwidth product in excess of 50 GHz, these devices are
oool__i ¢ L LN limited to a few tens of megahertz for photonic applications
0.1 10 (simultaneous detection and amplification). It was also shown

0.404-
0.304-
0.201----

Frequency (GHz) that in the case of MESFET's the gain-bandwidth product
(b) may be maximized by the proper input optical power level.

Fig. 8. (a) HBT collector current response to optical impulse excitation urthermore, the optimization rules used for microwave FET's

I. =10 pAandI. = 1.4 mA. Inset shows 3-dB bandwidth as a function ofdo not necessarily apply for photonic applications.

collector current. (b) Amplitude Fourier spectrum of the impulse response. The HBT in the common emitter Configuration can maintain
significant optical gain (proportional tg,,) well into the

@ 100 100 gigahertz range. The base bias-current provides a means of
o 90 @ trading gain for bandwidth where the increase in current
§ 30 = increases the gain and reduces the 3 dB-bandwidth. In these
5 70 (S devices, the photonic bandwidth is closely related to the elec-
§ 1004 60 o tronic (microwave) bandwidth. Since the new generation of
o E microwave HBT’s can have gain-bandwidth products in excess
2 02 of several hundreds of gigahertz, there is enormous potential
‘g 40 _§ to fabricate an optical detector with similar gain-bandwidth
3 10% 30 % products as well. OEIC receivers with HBT photodetectors
§ _+ calculated from Eq.(2) 20 £ will be ablg to_ replf_;\ce pr_esen_tly used deyice cor_nbi_nations in
g + experimental value 10 many applications involving high-speed fiber-optic links.
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