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Electrical Characteristics of an
Optically Controlled N-Channel
AlGaAs/GaAs/InGaAs Pseudomorphic HEMT

Dong Myong Kim, Sang Ho Song, Hwe Jong Kim, and Kwang Nham Kang

Abstract— Electrical characteristics of an n-channel Lm | Vym 1 m
Alo.3Gag.7As/GaAs/Ing.13Gan.s7As  pseudomorphic  HEMT | ! ! |
(PHEMT) with L ¢ = 1 pm on GaAs are characterized under
optical input (Pspt). Gate leakage and drain current have been
analyzed as a function ofVgs, Vbs, and P,,,. We observed
monotonically increasing gate leakage current due to the energy
barrier lowering by the optically induced photovoltage, which
means that gate input characteristics are significantly limited by
the photovoltaic effect. However, we obtained a strong nonlinear
photoresponsivity of the drain current, which is limited by the Al ,Ga, As
photoconductive effect. We also proposed a device model with Al,,Ga As(Si:1x10™%)

W=2x100pm:
V-shape

an optically induced parasitic Alp.3Gag.7As MESFET parallel to Al .Ga, As i
the Ing.13Gag.s7As channel PHEMT for the physical mechanism GaAs:5nm Snm
in the drain current saturation under high optical input power. In,,.Ga, . As channel ilnm

Index Terms—FET, GaAs, HEMT, optoelectronics, photode- Gads AL G As Snm

tector. Al ,Ga As(Si:1x10'%)
GaAs buffer
GaAs Substrate

I. INTRODUCTION

N INCREASING attention has been created on the

photonic microwave systems due to their applicatiorfgg. 1. A cross-sectional structure of an optically controlled N-channel
in high-performance communication systems. Significa GaA_S/SaAS’_'”lGaAS P'jj'a‘fT_(g'Shal%%d dual gate) wit; = 1 pm,
progress has been also reported in high-speed photodetection " — pim andi = 2 S0um.
systems on Si, GaAs, and InP substrates [1]-{6]. It is welkfects high-frequency characteristics of devices under optical
known that there are two main physical mechanisms, pholfgmination.
conductive effect and photovoltaic effect, in semiconductor The photoconductive effect on the surface-illuminated field
devices under optical illumination. They are all causegftect transistors is known to be very fast but small contribu-
by photogenerated excess electron-hole-pairs and closghf, to the change in the drain current while the photovoltaic
related with each other. Some of photogenerated excegfect is known to be relatively slow but significant con-
carriers contribute to the change of channel conductiviyibytion to the change in the drain current under optical
(such as photoconductivity in bulk photoconductors) whilgumination [6]. Concerning physical mechanisms in electrical
others contribute to the change of depletion region und@haracteristics of optically controlled high electron mobility
the gate (such as photovoltaic effect or effective built-igansistors (HEMT's), which has different optoelectronic re-
voltage change in solar cells or photodiodes which use BRonsivity and mechanisms in MESFET's, it is still necessary
junctions). However, it is very hard to distinguish one effeq} figure out key factors in the design and optimization of
from the other. As far as we know, photoconductivity changgemTs for high-performance optoelectronic detectors.
appears as a change in the channel current due to increasqf this paper, optically controlled electrical characteristics
carrier density in the channel layer. On the other hand, the an n-channel AJ;Ga rAs/GaAs/In.13Ga.s-As pseudo-
photovoltaic effect appears as a change in the effective bujforphic HEMT(PHEMT) are reported and analyzed. In par-
in junction voltage and thus gate junction capacitance Whiglayjar, a parasitic AJ;Ga,+As MESFET is included as a

dominant photoresponsive element over the pseudomorphic
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Ing.13Gay s7As quantum well has been grown for better,,,. Concerning the limitedpsg and transconductance over
photoresponsivity with a high-density 2-DEG’s and ai,; > 3 mW, a parallel conduction by N-type AtGay 7As
improved mobility. As shown in Fig. 1, GaAs layers arelonor layers, which has significantly low electron mobility due
expected to have an elevated contribution to improved high density of ionized donor atoms in the wide bandgap
photoconductivity. Symmetrical structure is also expected semiconductor, is believed to be the main cause. Because
have improved transport with compensated Coulombaptically generated excess carriers induce a large photovoltage,
scattering between 2-DEG’'s and ionized donors ireduced effective negativézs makes incomplete transfer
Alg 3Gay 7As layers. From the Hall measurement at 300f electrons from the Al;Gay -As layers to the channel.
K, we obtainedy, = 5000[cm?/Vs] andn, = 1.2 x 10*2 Thus, partially depleted plzGay -As layers form a parasitic
[cm~?] for the two-dimensional electron gas (2-DEG). AMESFET, which has poor channel conductance as well as
V-shaped gate structurd.§& = 1 um, Las = Lgp = 1 pm, large parasitic source and drain resistandes, R,), parallel
W = 200 um) has been fabricated for better controllabilitgo the high-performance ¢ns;Ga s;As-channel PHEMT
and photosensitivity of the PHEMT under optical control. shown as an inset in Fig. 3. Including a current through
Electrical performance of the PHEMT with a V-shapethe parasitic MESFET, therefore, total drain currépt can
gate has been characterized as a function of gate voltdgedescribed by p = Ip mEvr(Fopt) + Ip,MESFET (Fopt )
(Vis), drain voltage(Vps), and optical powef Py ). Pope-  Where Ip gemr and Ip mesper are current components
dependent electrical characteristics are measured on wafeithypugh the 19.13Ga s7As-channel and the partially depleted
combining the HP-4156A and a laser diode module with Aly 3Ga 7As layer, respectively. Under low?,;, the drain
= 0.83 zm. We obtained a saturated drain curréris = 12.0 current is mainly controlled by the dn3Gay.s7As-channel
mA (23.5mA), a pinchoff voltagd’ = —0.9 V (-1.2 V), a PHEMT and strongly depends ow.,. Thus, Ip can
maximum extrinsic transconductanggaxy = 130 mS/mm  be obtained fromIpliowr,,, ~ IpuEMT(Fopt). Under
(155 mS/mm), and an output resistamge = 760 2 (>40 k?) Fope = 3 mW, however, the drain current consists of a
under Pope = 0 mW (20 mW), respectively. Characterizedcurrent through the bn3Gay ssAs-channel PHEMT, which
n-channel PHEMT shows significant improvements in the almost independent of,,; above I’,,; > 3 mW, and a
output resistance and the maximum transconductance duedorent through the partially depleted parasitic fGay 7As
increased 2-DEG’s and reduced parasitic resistances unMé&rSFET, which still depends strongly on th@,,;. Thus,
optical illumination. the total drain current under high,,, can be described by
The gate currentlc) is shown in Fig. 2 as a function of Ip|nignr,,. = IpHEMT(sat) + D MESFET(Fopt). Even with
Vas, Vbs, andP.p,. The gate leakage increases monotonicalipcreased carrier density in the AGa 7As layer at high
with increasing reverse gate voltage for giveps and P,  Fopt, the change in thdp, is small due to extremely low
while it is almost independent dfps for given Vs and P.,,;.  mobility in heavily doped (1x 10'® cm™2) Alg 3Ga.7As
The gate current increases sharply with increasihg. for layers. Overall characteristics of the PHEMT are controlled
given Vs and Vis. I — (Vps, Vas) curves look a parallel by the high-performance $ns:Gay.s7As channel HEMT
shift with increasingP,,; due to the photovoltaic effect andunder low F.. However, the poor performance parasitic
an optically generated photovoltag#,,.). Considering the Alo.3Ga.7As MESFET plays a dominant role and limits both
strong dependence ofg — (Vps,Vas) on P, the gate the saturated drain current and transconductance under high
leakage current is expected to be mainly caused by thptical power. This parasitic MESFET phenomenon can be
photovoltaic effect, which results in reduced energy barri@so observed with limited drain saturation current under large
against photogenerated carriers by the amount ofglfig,. Positive Vs in n-channel HEMT's [7], [8].
The gate current can be described hy = Io.(Vas, Vbs) In the saturation mode, the channel length modulation and
eAEIRT = 6, (Vas, Vpg)e?Vert/Ven considering thermionic the output resistance are significantly improved under optical
emission-dominant current conduction, whelig, and AE  input, as shown in Fig. 3. Increased output resistapice)
are the gate current undé?,,, = 0 and the energy barrier and suppressed channel length modulation are mainly due to
reduction by the photovoltaic effect, respectively. This agreéfse increased channel conductivity with optically generated
well with experimental observation af,,.-dependent gate excess carriers. Improved;; under optical illumination can
current. be modeled via a channel length modulation paramétégr

The drain currentlp) is also characterized as a function of-or drain voltages withVps > Vp..:, the channel length
Vas, Vbs, and Py Contrary tolg — (Vis, Vas) on Popy, the modulation parametex is related to the saturated drain current
drain current shows strong dependencévaa for given Vg described by
and F,; as shown in Fig. 3[p sharply increases at |0W,

while it saturates at highP,,,, under specificVas and Vps. Ipsat = Ipss(1+ AVps)
The shape of , — (Vps, Vas) curves for all optical inputs is I Tcho

o ’ = T4 ——t Gy
similar to that unde?,,;,; = 0. Ip—(Vps, Vas) of the PHEMT pss |1+ Neho + 01 Popt) b5

is predominantly controlled by the photoconductive effect with for Vbs > Vpsat Q)
optically generated excess electrons while the gate current is

determined by the photovoltaic effect. However, the saturatedhere Vp,,, is the drain saturation voltagdpss is the
drain current/ngs shows almost constant ovét,. > 3 mW, saturated drain current without channel length modulation, and
which is significantly different from the gate current under high, is defined as\ underZ,,; = 0. Combining optically gener-
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Fig. 4. Variation of pinchoff voltaggVp) and optically induced photo-
voltage (Vopt) measured al’'ns = 1.4 V as a function of optical power
(Popt)-

Fig. 2. The optical powerR, )-dependent gate leakage curré¢fit;) as a

function of the gate voltag€l';s) and the drain voltagélhs ). Gate current Pinchoff voItageVp and photovoltagéVO,t — |V -V 0|)
monotonically increases with increasiti@, . ! r r

were also extracted as a functionf@,, in the saturation mode
of operation. Without optical input, the pinchoff voltage was
e Gone e measured to b&),, = —0.84 V by the quadratic extrapolation

= o method atVps = 1.4 V. We obtained pinchoff voltages
025 Popl=20m 2, ranging fromVp, = —0.94 to—1.08 V, which can be converted
Y P into photovoltages fromV,,, = 0.10-0.24 V, with Fy
o0 Parasitic MESFET = 650 mW, as shown in Fig. 4. Thus, optical power- and
InGads HENT structure-dependerit,,, can be obtained from the optically
Ry e induced excess chardé€).;) and the gate capacitan¢€’,)
as

Drain Current Ig (Al

Vopt = Q(;::t = qd;;?:h() (\/ 1+ o/ Popy — 1), 3)
where d,,, e, and o’ denote a distance from the gate to
the channel, an average dielectric constant, and absorption-
related parameter, respectively. This,.-dependent photo-
voltage agrees well with experimental observation as shown
in Fig. 4. We also note thafhlp = 4.4 mA is a significant
increase and agrees well with current—voltage characteristics
Fig. 3. Optical power Pyt )-dependent drain currerff ) as a function with Voo = 0.17 V, g, = 130 mS/mm, Py = 20 mW,

of the gate voltagéVs) and the drain voltagéVps ) with an inset as an and W = 200 pm. This photovoltaic effect will change high-
equivalent circuit for parallel conduction due topAlGay.7As donor layer.

Under highPop., drain current is saturated oviéh, > 3 mW. frequgncy che}racterllstlcs_ of P_HEMT s with varlatlons in gate
capacitances in conjunction with photoconductive efféci

and Ag,,) under optical illumination.
ated excess carriefi(F,p) into channel length modulation

parameter, the output resistangg can be described by

[Il. CONCLUSION
1 51(Popt) Electrical characteristics of an n-channel
Taslsat =1/(dIp/dVps)| = Trssh < ” IOPt ) Al 3Gay -AsIGaAs/In, 13Gay g7As PHEMT are characterized
sat ? cho

under optical input. We observed monotonically increasing
n(Popt) gate leakage due to the energy barrier lowering by the
= dso <1 * W)’ 2) photovoltaic effect. However, we obtained strong nonlinear
photoresponsivity of the drain current, which is limited by the
wherergs, iS an output resistance undgy,: = 0. Increasing photoconductive effect, under optical input. We also observed
optical power and thus, photo-generated excess carriers, sheuration of the drain current under high,., which is
output resistance can be significantly improved. This simplelieved to be due to the parallel conduction by the parasitic
model agrees well with experimental observationg{~ 760 Aly3Gay.7As MESFET with poor electrical performance.
€ and7g, (30 mw) > 40 K2) under high optical input as shownWe also proposed a new device model with an optically

in Fig. 3. induced parasitic Al3Ga.7As MESFET parallel to the
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Ing.13G& s7As channel PHEMT for the physical mechanism
of the current saturation under high optical input power.
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