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Comparison of Photoresponsive Drain Conduction
and Gate Leakage in N-Channel Pseudomorphic
HEMT and MESFET under Electro-Optical
Stimulations
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Abstract—Photoresponsive drain conduction and gate leakage GaAs MESFET under various optical stimulations with- 830
char?cterlsncsdof n-cfhann_el P'}'EIMT and MEls':_ET ?fe_ COR}Daf- nm. Optical effects on the drain and reverse gate currents are in-
atively reported as a function of electro-optical stimulation Ves,  yestigated as a function of electrical bias (gate voltage; and

P A= . i ; . . T
Vbs, Popi; A = 830nm). Both in PHEMT and MESFET, astrong - ;) voltage¥»s) and optical powefP,,,;). We also provided

nonlinearity of drain photoresponse R) with P,,, was observed

and can be modeled empirically asR = &P.2 (kpumzar > an €mpirical model of nonlinear photoresponse in PHEMT and
op

knmesrer) Where model parametersk and 8 accommodate dif- MESFET as a function o, ;.
ferences in device/epitaxial structures and electrical biases. Gate
leakage current was linearly increasing withP,,; while it was inde-
pendent of Vs in both PHEMT and MESFET. However, I was a Il. PHOTORESPONSIVEDRAIN CONDUCTION IN PHEMT AND
strong function of Vg in PHEMT while it was almost independent MESFET

in MESFET due to suppressed modulation of photoresponsive de-  N_channel epitaxial layers were grown by GSMBE for

letion width with heavy channel doping. Photonic gate response .
E)RPG), on the other han)(lj,was obser\?edgto be constagntin MEpSFET PHEMT [2] and CBE,for MESFET‘_MESFET Igyers include
while it was a strong function of electrical bias in PHEMT. an nt GaAs layer (Si:5x 10'* cm~®) for ohmic contacts,

a GaAs layer (Si:5< 10'” cm™3, 0.12 zm) for channel, and
undoped GaAs buffer (2.bm) layer were grown on semi-insu-
lating GaAs layers. Same fabrication processes, which include
Au-Ge/Ni/Au for ohmic and Ti/Au for Schottky contacts with

. INTRODUCTION a lift-off technique, are applied to devices with V-shaped gates

SEUDOMORPHIC high electron mobility transistors("¥/L =200pm/1 um, Ly, = Lyq = 1.0 um for PHEMT and
(PHEMT'’s) and metal-semiconductor field effect transiskgs = Lga = 1.5 um for MESFET). For a proper recessed
tors (MESFET’s) are under active study, due to high cut-ofate formation, a slow wet etchant was used for obtaining a
frequency and good optical responsivity, as high perfosPecific pinch-off voltaggV, ~ 0.8 V). Measurement setup
mance photodetectors and photonic-microwave component§GAmbining HP4145B, HP8510B, and Spectra-Physics laser
monolithic optoelectronic integrated circuits. In spite of theifiode module) was kept the same during characterization in
usefulness in photonic-microwave systems, photoresponsyasious electro-optical biases. Direct optical illumination=
mechanisms in PHEMT's and MESFET's have not bedi30nm.,; =0~ 7.0 mW) was delivered close to the surface
sufficiently characterized due to complicated mechanisr DUT on wafer via optical fiber [2].
[1]-[7]. This is because photoresponsive characteristics of/Vithout optical input, saturated drain currents k) were
FET's depend strongly on geometrical structures (W/L-rati§oserved to be 13 mA in PHEMT and 32 mA in MESFET at
periphery, spacing) and epitaxial layers (composition, dopinfgs = 0-0 V as shown in Fig. 1. A strong nonlinear photonic
thickness) as well as growth conditions (substrate temperatd@SPonse in the drain curretfp) of PHEMT was observed
growth rate). [2], [8], [9] while the optically induced drain curref p,,) was
In this letter, we compared photoresponsive characteristi@@notonically but merely increasing with,,; in MESFET.
of n-channel A} ;Ga, -As/GaAs/In, 13Ga, syAs PHEMT and Channel length modulation in PHEMT was significantly sup-
pressed by the enhanced channel conductiyatyofoconduc-
. . , tive effect under optical stimulation. As shown in Figs. 1 and
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width and effective channel thickness). Dominant mechanism
depends strongly oF,,;.-dependent variations of the depletion

_ . width (W,.,.) and carrier density in a specific layer which

- White flle d:N;ESFET f are determined by the epitaxial structure and electrical bias.
opi=0: 0.086,0.45,2.07,3.665.12 mW | Under low 7,,; below the onset of a parallel conduction via

: : heavily doped Ad 3sGa 7As donor layer, therefore, PC-effect
dominant photoresponse in PHEMT can be described as
RpuEMTiow = Rpcncaas. HOWeEVEr, Rpgeyt high
under highP,,; above the onset of a parallel conduction can
be written asRppemT high = Rpc,.aiceas Which shows

a very poor photoresponse due to a low electron mobility in
heavily doped Ad 3G&.7As donor layer. Considering photonic
absorption, generation, and collection mechanisms of excess
carriers in the channel which contribute to the PC effect in
PHEMT, Rp¢ can be analytically written as

Drain Current, I [mA]

Rpc =~ I‘iPcPo;’fPC- 1)

With a high channel doping for improved transconductance
in MESFET, both PC and PV effects are much less sensitive
Fig. 1. \Variation of photoresponsive drain currgdt,) in PHEMT and to the optical input due to high channel carrier density and
MESFET as a function o5 5, Vs, and calibrated optical powdt, . under suppressed modulation of the depletion region. Therefore,
optical stimulation(A = 830 nm). Rpc mesrer is very small due to high channel doping and

Rpy mesrer 1S small but believed to be more dominant

photoresponsive mechnanism in MESFET. PV effect domi-

N F WV V) (010) 025) (081.0) (0.825) R o nant-photoresponse in MESFET with a high channel carrier
é ey (958 825 085 082 o T PHEMT] 8 density, on the other hand, can be describedthyesrer =
> BHEW 1092 087 0.75 0.73 . . ] ~ C
3 VosVod) 2 Rpo,mesrer + Bpv,mesrer = Rpvvesrer. Com-
% 0 oy e w g p|n|ng Popt-deperjdent characteristic paramet@@l,t_, Wer) _
= 8 in PV effect-dominant MESFET, we can also obtain analytical
£ fy,  relationship as
o’ o= ,
L o Rpy = kpv P, 7" )
g )
2 — . .
2 ! S This can be also applied to the photoresponse of PHEMT under
S MESFET,+ N N 3 . . . . . .
8 1 LY, 020 020, »  high P, inwhich optical response is governed by the heavily
5 E fuesrer 008108 g jar doped donor layer due to the onset of the parasitiaSa; 7As
= b 041 035 . . . . .
g Pusgrer € : & MESFET. Photonic drain current variations in MESFET over

PR L : N R L L Ao Lt . . . .

o o oo all £, which were shown in Fig. 1 as a function Bf,,,, also

Optical Stimulation, P_ [mW] look very similar to that of PHEMT under higl,,;. This is
T oopt

thought to be a strong evidence of a parallel conduction-limited
. - . . o photoresponse in PHEMT under high,. [2], [8].

Zgbifi'cal\l/f ;aé'é);eo(;t ;’g'ia'fpigg" ?liiig?:geiﬁfgiw){Zﬁé%j{g&t Characterized photoresponses of PHEMT and MESFET
resistancer,,) in PHEMT and GaAs MESFET as a function 8%,. under are shown as a function df,,; with output resistanceg-;)
optical stimulation. in Fig. 2. Photoresponse decreases monotonically With

over all electro-optical stimulations. Photoresponse of PHEMT

under high?,,,; was limited by the parallel conduction via the
Vo = {-}0.838 V and —0.804 V for PHEMT and MESFET, A|, ;Ga, ;As donor layer, which has very poor conductivity
respectively. With?,,; = 3.56 mW, pinch-off voltages were due to extremely low carrier mobility [2], [9]. In the case of
changed td/;,(3 s6mw) = —1.033 V and-0.836 V, which cor- MESFET, significantly low and monotonic decrease in pho-

respond to optically induced photovoltagés, = 195mV and toresponséRy;psrer = 3.12 AIW atP,,; = 85.6 4W and
32 mV, for PHEMT and MESFET, respectively. Increasing buys.59 A/W atP.

_ _ _ opt = 5.12 mW) was observed over af},,.,. For
considerably smal;,, was observed in MESFET with,,,. ~ MESFET under near pinch-off condition, photoresponse was
Drain photoresponsg R =

Ipp/Popt), defined as extremely lower than other bias conditions and that in PHEMT.
the ratio of optically induced drain current to the opcCombining both photoconductive and photovoltaic effects,
tical power, is the sum of photoconductive (PC) respongfotoresponses in PHEMT and MESFET can be analytically
(Rpc = 9lpppc/9Popt = Rpc,imGads + Bpc,aicaas;  and semiempirically modeled as

modulation of channel conductivity) and photovoltaic (PV)

respons€ Rpy = 8Ip, pv/OP,,; modulation of depletion R= mP"@(Popt in [mW] and R in [A/W]) 3)

opt
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107 T : AN T was observed in PHEMT compared with that in MESFET over
i ' : ] Vas = 0 ~ V,,. This is due to a higher Schottky barrier formed

; F VogVo) on the undoped Al;Ga 7As layer(E, = 1.76 eV) in PHEMT
f | (0829 while relatively low Schottky barrier formed on heavily doped
5 ' ) GaAs layer(E, = 1.43 eV) in MESFET. However, the gate
m_“”* ©0520) MESFET Ieakgge was inc_reasing with a reverse gate vqltage (a strong
& g2 L0810 oo . r g function of Vzs) in PHEMT while it was almost independent
% - 010 8 S ] of Vos andVps in the MESFET for a specific optical power.
€ j . The photonic gate response (the ratio of optically induced
£ ©.025) M | gate leakage to the optical poweR,c = dlg,/dF,.)
S ©o1o = PHEMT | was compared in Fig. 3. Contrary to the drain photore-
é sponse, which was monotonically decreasing with,,
R s L (R = mPO;,f), R,¢.mesrEr In MESFET was indepen-
01 10 10.0 dent of P,p: (Rpe mesrer = 8 ~ 9 MA/W). However,
Optical Stimulation, P_ [mW] Ry ppepyr in PHEMT was a strong function ofzs and

P,: while Ryg yesper in MESFET was almost indepen-
. . dent of 7,,;, Vas, and Vps. Based on the photoresponsive
Fig. 3. Photonic gate responsB, = Icp/Pop:) of PHEMT and MESFET . .
as a function of electro-optical stimulation. leakage mechanisms, the photonic gate response can be de-
scribed asR,c = Rpagen + Bpa rE + Rpairap Where
RpG,gen = aIG,gen/aPoptv RpG,PE = aIG,PE/aPO])tv
where x and 3 accommodate differences in devices/epitaxiafFPG:“‘aP = 01 trap/OFopt- ) . )
layers and bias conditions. This model agrees well with ex- Comparing gate leakage mechanisms with experimental ob-
perimental observations in PHEMT and MESFET as shown f§"vation, the dominant leakage mechanism in MESFET under
Fig. 2. As summarized in Fig. 3, highervalue (k py g = 0pt|(_:al |IIum|n?t|9n is thought to bﬁ;jgen,vyhlch is due to gen-
9.58:6.25 AM/:Ves = 0, Vps = 1.0:2.5 V), which depends €ration of ehp’sin SCR apd thus proportmnale,t: Less de-
strongly on both epitaxial structure and electrical bias, hR§ndence of thé; onVe.s in MESFET is due to & high channel
been observed in PHEMT than that in MESFET psrpr = carrier population which has suppres_sed modulat|oWg£,,_
1.06:1.03 AI:Vzs = 0, Vs = 1.0:2.5 V). For a specific de- with a reversé/s;s [1]. However, the thickness of SCR, which
vice, considerably smaller-values are obtained near pinch-oftONtributes to the photo-generated gate curtépt, o< W),
condition (kg = 0.85:0.82 AW:Vgs = V, = —0.8V, IS insensitive to the effective gate voltag&;sjeff = Vas —
Vs = 1.0:2.5 V) in which the photovoltaic effect is expected 7o T Vort = Vais — V;0) due to high carrier density.
to be dominant. Howeves depends only on the epitaxial struc- N the case of PHEMT, even though considerably suppressed
ture (Bpg err = ~0.9; Vas = 0 and~0.75; Vas = —0.8 p_hotonlc gate response than that in MESFET, it was quite
but is almost independent of operating point for a specific ddifferent from that of MESFET under large negative;s
vice. Below the onset of a parallel conduction via AGa, ;As &t 10W Fope. Photonic gate response in PHEMT was as high
donor layer, very high photorespong¢&pypyr = 92.2 8SIcruemr = 27.9 mA/W atVgs = —0.8 V while it
AIW; P, = 85.6 W) was observed in PHEMT. However,Was decreased to 3.0 mA/W Bts = 0.0 V under the same
extremely low and monotonically decreasing photoresponbert = 856 MW andVps. At Vas = 0.0V, Rug, pupmt
(dlog R/dlog P,y = —3) in both PHEMT and MESFET was Was increasing monotonically with,. (Rrg, pueyr = 3.0
observed over all optical power. MA/W; Fopr = 85.6 uW 10 3.8 MA/W atF,; = 7.0 mW).
However,R,¢ paryt atVas = —0.8 V(near pinch-off bias)
was observed to be 27.9 mA/NY,,; = 85.6 uW, decreasing
ll. PHOTORESPONSIVEGATE LEAKAGE IN PHEMT AND down to 5.2 mA/W at’,,; = 7.0 mW. Dominant gate leakage
MESFET mechanism in PHEMT under optical stimulation includes
Ig pr and Ig irqp as well aslg gen, Which is dominant
Variation of the gate leakage, known as a detrimental soungecess at near pinch-off gate bias Wifas = Vp. Differences
of noise and performance degradation, was investigated am dahe photonic gate responses in PHEMT and MESFET are
function of Vips, Vs, and P,,,. Gate currenfls) under op- primarily due to epitaxial structure, Schottky barrier height,
tical stimulation can be described as a sum of a) gate curramid traps and interface states in multiple heterostructures.
({g,gen = qAYP,,:W,.,) due to optical generation and suc- We note that the gate lekage is almostindependent of the drain
cessive collection of ehp’s in the space charge region, b) gaias(Vps) in both PHEMT and MESFET. This is because the
current(Ig pr = Ias. exp(Vope/Vin)) due to photo-assistedincreased/p s above the saturation voltag®ps > Vps sat)
thermionic emission of excess ehp’s from gate to channel, aiscconfined to a very small region of the pinched channel under
c) gate currentlc 1rap = qire j f W L Nyrap Pope ) due to photo-  the gate very close to the drain. So, the modulation/expansion
excited carriers from traps/interface states in Si-doped AlGaa§ W,.,. under optical illumination is limited to a very small
layer and heterointerfaces. Increased gate leakage was obsepaetiof the channel. Thereforég,, is almost independent of
with increasingP,,: under negativ€’cs (Vas =0~ V,)inboth  Vps under optical illumination. Less channel length modulation
MESFET and PHEMT. For a specifié, ., smaller gate leakage under optical stimulation is another evidence of this observation.



KIM et al. COMPARISON OF PHOTORESPONSIVE DRAIN CONDUCTION AND GATE LEAKAGE

IV. CONCLUSION [2]

Photoresponsive drain conduction and gate leakage character-
istics of PHEMT and MESFET were experimentally compared
as a function of electro-optical biases. Empirical model for non- [3]
linear photoresponse in PHEMT and MESFET was proposed as
R=k O’pf wherer and? model differences in device structures 4]
and electrical biases. Gate leakage was a strong functin of
in PHEMT while it was almost constantin MESFET due to sup-
pressed modulation of the SCR with heavy channel doping. Phol®
tonic gate response, on the other hand, was observed to be con-
stantin MESFET while it was a strong function of electrical bias [6]
in PHEMT. Based on experimental observations, photonic gate
leakage in MESFET was thought to be mainly caused by opticalm
generation ofehp’sinthe SCRwhile itwas governed by photo-as-
sisted thermionic emission and photo-excitation of carriers from

traps as well as generation of carriers in the SCR in PHEMT.  [8]
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