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Microwave Noise Parameters of Pseudomorphic 200
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Abstract—The microwave behavior of pseudomorphic high electron- § 100
mobility transistors () HEMT's) under optical illumination is investigated =)
in this paper. The influence of light on the small-signal equivalent circuit 8
is derived from scattering-parameter measurements. The evolution of the 3
noise parameters versus gate-to-source voltage and their sensibility to > 50
illumination is also demonstrated. =
5]
Index Terms—High electron-mobility transistor, noise parameters, op- =
tical effects. 0
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I. INTRODUCTION

HE optical control of microwave semiconductor devices has been _ _ ) )
widely investigated over these last years [1], [2]. The gain contrb|9- 1. ~Relative photoresponse of the transistor agaipst®l Vys. = —0.6
. : I ’ , A Vise = —1.2V, 0 Vgee = —1.8 V.
of amplifiers, frequency tuning or locking in oscillators, or the phasé . £
shifting in phase shifters represent some typical examples where an
optical signal is used to control the operation of a microwave circuit.

drain-source voltage (V)

The optical effects in GaAs MESFET's [3]-[6] and in high electron- 140 100
mobility transistors (HEMT'’s) [7]-[9] have been theoretically and-  |,q
experimentally studied over the last decade, including their statie 80 &
and dynamic behaviors. However, there is a lack of data concernirgy 100 g
their noise characteristics at microwave frequency. This paper repmgs %0 60 §
for the first time on the evolution of the noise parameters of % g
pseudomorphic HEMT (pHEMT) under illumination. o 60 3
LE) 40 §
Il. EXPERIMENT g 40 20 §
The GaAlAs/GalnAs/GaAs pHEMT was fabricated by Philips?b 20
Microwave Limeil (DO2AH) and features four gate fingers of @2 & 4 1
length and 3Q:m width. The device, which is a standard microwave 0 e — 0
transistor, was not designed for optical application, and the light -2.5 2 -1.5 -1 -0.5 0

coupling efficiency should be small. lllumination was provided by
a fiber-coupled light-emitting diode (LED) (Honeywell HFE4000)
(A = 0.85 pm), making the doped GaAlAs layer transparent foFig. 2. Gate—source capacitance and transconductance afiaiastOpen
optical energy. The emitted output power varies from O tou38, symbols: under illumination (full line: least-square fitting), dark symbols:
and the distance between the fiber and the device is adjusted usifyjigeut illumination (dashed line: least-square fitting).
micropositioner in order to obtain the optimum light coupling.

An external gate resistanog?, = 1 M) was added in the
gate bias circuit [5] so that the increase of the gate current underS-parameter measurements were performed on-wafer from
illumination causes an appreciable change in the gate-to-souf§¥® MHz to 40 GHz and the small-signal equivalent circuit of the
voltage V,s and vyields a large photoresponse in the drain curretignsistor was derived using the technique described in [11]. Fig. 2
[20]. In the following, we use the external gate—source volflige, shows the results obtained on the gate-to-source capacitdpce
which includes the voltage drop across the @ ksistor. The relative and on the transconductangs,. It is clear that the larger increase
photoresponse defined as the incremental change of the drain curgéniboth Cys and g., is obtained when the device is biased near
between illumination and dark conditions divided by the dark curreptnchoff. Despite the fact that the incident light power is small, the
value is shown in Fig. 1 for an optical power fixed at 88V. It increase inCyys andg,. is 27% and 400%, respectively, resulting in
can be seen that the device is more sensitive when biased closaricincrease of the transition and maximum oscillation frequencies
pinchoff and for small drain-to-source voltad@.. The variations under illumination. The small decrease @f, for Vi > —0.7 V
againstVy, observed forV.. = —0.6 V are in agreement with the is attributed to a parallel conduction of the drain current in the
results published in [9]. FOVse = —1.2 V O Vgee = —1.8 V, the doped GaAlAs layer. As can be seen in Fig. 2, illuminating the
lowering of the photoresponse agaiist, could be attributed to a transistor has the same effect as applying a forward bias between
two-dimensional effect caused by the channel longitudinal field [9the source and gate [3], [4]. It should be noted that the curves are

] ) o the same whether or not the device is illuminated if the variations

%a;U;Strr']%tréegfévﬂthocﬁg\tfé%hllgg?étrel\j'ﬁfgg;yaﬁl' g%%%tier, 31077 Of the equivalent-circuit elements are plotted against the dc drain
Toulouse Cedex, France. current. It should also be noted that the other intrinsic elements of
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) o o ) ) Fig. 4. Equivalent noise resistance and optimum reflection coefficient against
Fig. 3. Minimum noise figure and associated gain agaist at 12 GHz. 7 at 12 GHz. Open symbols: under illumination, dark symbols: without
Open symbols: under illumination, dark symbols: without illumination (fulfjjumination (full line: least-square fitting).

line: least-square fitting).

long as the gate photocurrent range is below a given value (typically

] ) o 1 pA), which depends on the operating frequency.
gm (except the output resistanégs) due to their smaller variations

with the applied gate voltage. I1l. CoNcCLUSION

The four noise parameters (minimum noise figufgin, €qUIV- |y conclusion, the optical effects in pHEMT's have been in-

alent noise resistancg,,, and optimgm reflection _coefficie_rltmt vestigated. In spite of the small power delivered by the optical
-magnitude and phase-? together with the associated Gaimave qq rce, the device with an external resistance in the gate shows a
been measured ati; = 2 V between 8-20 GHz using a dedicatedirong sensibility when biased near pinchoff. Since illuminating the

test set and based on the multiple impedance technique [12]. Thegistor is equivalent to apply a forward gate-to-source voltage, the
minimum noise figure and associated gain are plotted in Fig. 3 agaigghsibility of the intrinsic elements of the equivalent circuit and of

Vise @t 12 GHz. Compared to Fig. 2, thE,.. excursion is not e nojse parameters is strongly related to their variations against
_the same bt_acause in the device used for noise investigation th@;’bee. Consequently, a 0.5-dB..... reduction can be observed under
is a slight difference in the gate leakage currest { 1.A), which jjymination providing the gate voltage is conveniently taken.
translates into a large difference in the external gate—source voltage

as a consequence of the voltage drop across thélrddistor. The REFERENCES

increase of the minimum noise figure fots. > —0.7 V is attributed ] A. J. Seeds and A. A. A. De Salles, “Optical control of microwave
to an increase of diffusion noise in the channel, while the increase” semiconductor devices|EEE Trans. Microwave Theory Teghvol. 38,

of Fnin and decrease off, near pinchoff is due to a decrease of pp. 577-584, May 1990.

gm. A reduction of 0.5 dB inFl,i, and an augmentation of 2 dB in [2] L E. M. Barros Jr., A. Paolella, P‘. R. Herczfeld, ._and A."A. A. De Salles,
associated gain are reportediat. = —1.15 V under illumination The optical performance of microwave transistors,” froc. |IEEE

Lo . . . ‘ MTT-S Dig, San Francisco, CA, June 18-20, 1996, pp. 1445-1448.
for an incident optical power of 3aW. This reduction ofFiin  [3] J. Graffeuil, P. Rossel, and H. Martinot, “Light-induced effects in GaAs

at a givenVj.. is attributed to the external photovoltaic effect [2]. FET’s,” Electron. Lett, vol. 15, pp. 439-441, July 1979.

The photogenerated carriers collected at the gate yield a photovoltaffé H. Mizuno, “Microwave characteristics of an optically controlled GaAs
when flowing across the external resistor, which is equivalent to a g"u'lzys'ig;é IEEE Trans. Microwave Theory Teglvol. 31, pp. 596-600,
shift of the pinchoff voltage. The photoresponse of the transistofs; A A A De Salles, “Optical control of GaAs MESFET'S|IEEE Trans.
yields to an increase of the shot noise generated at the Schottky Microwave Theory Techvol. MTT-31, pp. 812-820, Oct. 1983.
barrier. Nevertheless, the increase of the gate current is small, and tif¢ J. L. Gauthier, D. Pasquet, and P. Pouvil, “Optical effects on the
shot-noise source remains negligible with respect to the induced-gate Static and dynamic characteristics of a GaAs MESFHEEE Trans.

. . . Microwave Theory Techvol. MTT-33, pp. 819-822, Sept. 1985.
thermal noise. As a consequence, the minimum value,ef remains [7] R. N. Simons, “Microwave performance of an optically controlled

unchanged (providing the measurement accuracy is $05 dB) AlGaAs/GaAs high electron mobility transistor and GaAs MESFET,”
whether or not the device is being illuminated. It can, therefore, be IEEE Trans. Microwave Theory Techvol. MTT-35, pp. 14441455,
concluded that the microwave noise figure beyond 4 GHz is no£8] Ee‘; 12873- Salles. “Ontical effects in HEMT'S "M oot
. : 1 : . A. A. De Salles, “Optical effects in 's,"Microwave Opt.
_sens_ltlve_ to any possible filling of the trapping centers due to th Technol. Lett.vol. 3, pp. 350-354, Oct. 1990.
|Ilum|nat|0n_. ) ) _ o [9] M. A. Romero and P. R. Herczfeld, “Negative photoresponse in mod-
The equivalent noise resistande, is represented in Fig. 4 at ulation doped field effect transistors (MODFET's): Theory and exper-
Vas = 2 V and f = 12 GHz. A decrease of 35% foR, with iment,” IEEE Trans. Microwave Theory Techvol. 43, pp. 511-517,
illumination is also observed near pinchoff where the device | Mar. 1995. . .
din th ligh - P diti Th ical eff ﬁO] A. Madjar, P. R. Herczfeld, and A. Paolella, “Analytical model for opti-
operatg in the mo§t 9 t-se.n.smve condition. The optical e eCFS N cally generated currents in GaAs MESFET'#2EE Trans. Microwave
the optimum reflection coefficient are less pronounced (see Fig. 4), Theory Tech.vol. 40, pp. 1681-1691, Aug. 1992.
which is consistent with the small variation |@f, .« | against/.. that [11] G. Dambrine, A. Cappy, F. Heliodore, and E. Playez, “A new method
are usually observed when performing-noise parameter measurement Efcgoetg”g'[‘r'ﬂgot:‘egfg glmgg's:)%”al'lquu“ﬁfgt;'rlcui"ggg Trans.
. . . | wav Yy Vol. , . —. , July .
Ve_rsus bias. The“?fore’ 'F can be inferred fror.n. these results th_af 1 L. Escotte, R. Plana, and J. Graffeuil, “Evaluation of noise parameter
microwave low-noise optically controlled amplifier could be easily

extraction methods,|EEE Trans. Microwave Theory Techvol. 41, pp.
designed without any degradation of its minimum noise figure as 382-387, Mar. 1993.



