
The effect of extrinsic c a ~ ~ ~ ~ c e s  on the 

microwave ~ ~ ~ ~ m ~ c e  of G a * . ~ ~ ~ n ~ , ~ ~ ~ / ~ ~  

MISFETs was first studied e ~ ~ ~ m e n ~ ~ ~  and 

theoretically by varying the thickness of the 

Gao,511no,49P insulating layer. MISFET's with 

airbridge gate structure showed higher fi 'e and f-'s 

than those of MSFET's with ~ r ~ ~ i o ~  gate 

structure due to the Iower extrinsic c a ~ ~ i ~ c e s .  

Moreover, the ~~m~~ values of ft 's and G s  for 

a 1 J A ~  gate: length device all 

between 50 nm arid 100 nm. These results 

demonstrate that ~ a ~ . ~ ~ I n ~ , ~ ~ P / ~ ~  airbridge gate 

NIISFET's with ~ n s ~ ~ ~ t o r  thickness 

and 100 nm were very suitable for microwave high 

power &vice applications. 

I. ~~~~U~~~~ 
An electronic &vice with h i ~ ~ ~ i n ~ ~ ~ ,  hi 

power and high-speed performance is very 

important for microwave pawer ~ p p l ~ ~ ~ i o ~ s ~  A 

device with good linear characteristics can reduce 

the t n ~ e r m o d u ~ ~ ~ o n  of high frequency si 

therefore the distortion of signals at high power 

level operation is suppressed. It has been 
demonstrated that if a lowdoped or an uiidopd 

layer i s  inserted betwen the gate metal avldi the 
active channel of a MESFET structure, the linearity, 

0-7803-3223-7/96/$5,00 0 1996 BEE 

current drivability and bre-wn voltage 

characteristics are greatly improved r1-21. Even 
though the t r ~ s c o n d ~ c ~ l c e  is lower than that of 

the conventional MESFET's, yet the reduced gate 

~~r~~ capacitance C,, (i.e., gate-source 

capsitance Cw plus ~~~.~~ capacitance [=gd 1 
makes the ratio, &C,, higher 63-41, and hence the 

high frequency performaice is also improved 

Therefore, we w ~ ~ ~ d  like to study the ~ ~ o r ~ ~ c e  

of the metal-un G ~ . 5 1 ~ ~ . 4 ~ - ~  

different insulator thickness t a d  compare them 

with similar MESFET's ( t == 0 nm >. 
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devices microwave characteristics. Schematic 

&ag” of the cross section C$ MISFET’s (t = 50 

nm-1001m) and MESFET’s (t = 0 nm) is shown in 

Fig. 1. 

Drain Gate Source 
AuGeNi Lg=lpm AuCleNi 

undc3ped GaAs 100Om 

S. I. (100) GaAs sub&ate 

40 

35 

5 

0 

a i o 0  200 300 400 500 800 700 800 

Drain-source current. Ids (mAlmm) 

Fig. 2 Microwave characteristics of an airbridge 
gate MISFET’S with insulator thickness t = 100 nrn 
at V&= 4 V and V g =  0 V. 

Microwave on-wder S-parameters for 

Gao~,,Ino,,P/GaAs MSFET’s ( t = 50 nm and 100 

nm) and MESFET’s ( t = 0 nm) with 1.0 ym-long 

gate were measured in common-source 

configuration fiom 45 MHz to 40 GHz with an 

HPX510C network analyzer in conjunction with 

Cascade probes Fig 2 shows the f-’s and f’ t s  as a 

function of I& for RIISFET’s with t = 100 nm and 

MESFET’s biased at Vd, = 4V. As can be seen 

clearly, f-’s and E’s of MI SFET’s we much higher 

than that of the MESFET’s The flat region off-’s 

and f[s of MSFET’s are also much wider than that 

of the MESFET’s. Table I i s  a summary of the 

results of G’s, fa’s and extracted C, (i.e., C,+C& ) 

from measured S paranicters for all &vices 

biased at V, 4 V ,  with V, tuned for a mmmum 

Szl From this table one can find that f,‘s and fm’s 

are greatly improved for all MISFET’s and 

MESFET’s with airbridge gate structure compared 

with that of traditional gate structure. The 

airbridge gate IMISFET’s with t = 50 m exhibited 

ft = 20.5k0.3 GHz and f,, = 39i0.5 CHz. These 

vdus were roughly 45 % and 49 % lugher tban 

those (ft = 14.1 I 0 . 3  GHz and f,, = 26 1 rt 0.3 

GHZ) of the airbridge gate MESFET’s ( t = O m) 

but slightly lower than those (ft = 20.7-CO.4 GHz, 

f,, = 40.1 rir 0.5 GHz) of the airbridge gate 

MISIFET’s with t = 100 U. However, the f,’s and 

fm‘s of traditional MISFET’s with t = 50 nnn were 

larger than that of  traditional MISFET’s with t = 

100 nm. This can be explained by Fig. 3 and Fig. 4 

in which the MISFET model of Ref. [3] was 

extended to include parasitic gate terminal 

capacitances C,P (i.e., interelectrode capacitance 

Ci plusgeometricpaicapacitance c:” 1 in the 

totalcapacitance C,. That is C, =Ci t Ci + CgPad 
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t - 0 n m  t=50nm t =  loom 

tr&tional airbridged traditional airbridged traditlonlal airbridged 

%(Gm 12.9 +- 0.2 14.1 -t 0.3 17.6 -t 0.2 20.5 -t 0.3 16.2 -+ 0.2 20.7 rt 0.4 

fm(G&) 24.6 -t 0.3 26.1 1?II 0.3 34.9 k 0.4 39 -i- 0.5 32.8 4 0.3 40.1 i 0.5 

c, (@I 244.1 I 2  223.94 1.7 139.5 rt 1.4 119.4-+ 1.3 94.1 t- 1 73.9 fI 0.8 

Table I Summary of RF characteristics of Ga(y1Ino,49P/GaAs airbridge gate and tr$aditional 

MISFET’S ( t = 50 nm and 1OC nm) and MESFET’S ( t = 0 nm). 

. The parmeters used axe as follows : surface state 

density Nss = 6 X 10” cm eV , electron 

mobility : 2000 cm N-sec, saturation velocity 1.2 

x 10 cdsec, parasitic resistames Rs = 4.1 a, 
= 4.05 $2 , interelectrode capacitance C e  = 11.25 

ai, geometric pad capacitance crd= 19 E, V@ 

= 0 V and V& = 4 V. As can be seen clearly frarn 

Fig. 3, at small t value ( t < 50 nm), even though 

the transconduntance gm decreases monotonic with 

increasing insulator thickness, yet the reduced gate 

terminal capacitance Cg makes the ratio, gm/Cg, 

higher with increasing insulator thickness. TMs 

-2 -1 

2 

7 

8 

means ft’s (- - gm ) will be improved with 
2&, 

increasing thickness thickness for small t, as shown 

in Fig. 4. In theory of Ref. E3-41 only ci is 

considered, and hence predicted that MISFET’S will 

have slightly higher or nearly the same vdues off( 

s and fma’s with increasing t even if t is up to 500 

nm. But, in real case, 6; is a not omittable 

constant and must be conidered in the calculation. 

The cl decreases with increasing t and hence f/s 

and fmax’s begin to decay wlhen is comparable 

to The simulated peak of f(s of traditional 

structure appears earlier (501 nm ) than airbridge 

gate stru~ture (75 nm) due ti3 the larger e:. For 

airbridge gate MISFET’S, the parasitic geometric 

pad capacitance CgPOd is negligible and hence its 

total gate capacitance Cg is approximately equal to 

instead of c: + cg“ . This value of course is lower 

than that ( Cg =ci f Ci + Crd ) of traditional 

MISFET’S as shown in Fig, 31. Therefore, &rbaidge 

gate MISFET’s exhibit highe,r ft’s than traditional 

MISFET’S as shown in Fig 4. In addition, the 

channel resistance Ri reduce systematically with 
increasing insulator thickness. Output conductance 

Gd for h4ISFET’s fhbricated in our laboratory is 

nearly a constant and about 0.062 mS/mm. This 

implies the fmw’s ( - -~ 
2 a  

) will be 

improved more than f(s with increasing insulator 

tl-chess at small t value, as shown in Fig. 4. The 

measured ft’s and fmm’s for airbridge gate and 

traditional MXSFET’S were also shown in Fig. 4 for 
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Fig.3 The simulated normalized 

transconductance gm, gate terminal capacitance Cg 
and channel resistance Ri versus insulator 

thickness t 

Intrinsic value @ieorv) 
Airbrldgc gate MlSFET(thcory) 

Traditional MlSFFT Iexperimnt) 

- - Traditional MISFFT(fheory) 

=> fT 
.-n-- 

- - _  - _  15 - - _  

0 50 100 150 200 260 300 950 400 

hsuiator thicknass, t (nm) 

Pig.4 The simulated and measured cutoff frequency 

ff1s and maximum oscillation frequency fmais of 

airbridge gate and traditionial MSFET‘s versus 

insulator thickness t. 

comparison. For proper gate insulator, e.g. ,50 m, 
Gao SF, 49P/GaAs airbridge gate and traditional 

MISFET’s clearly show a prFomance advantage 

over a similar MESFET’S (t = 0 nm). However, the 

nucrowave response ( f(s and fmax’s of airbridge 

gate and traditional MISFET’S with t = 100 nm are 

comparable to that of devices with t = 50 nm. This 
is consistent with the simulated data and 

demonstrate the validity of the simulation. So, we 

conclude that the state-of-the-art values of 

Gao ,lZno,,P insulator thickness should be around 

50 m to 100 nm for 100 nm GaAs active layer. 

The effect of extrinsic capacitances on the 

microwave performance of &io ,,In, 49P/GaAs 

traditional and airbridge gate MISFET’s were 

evaluated by varying the thickness of the insulating 

layer. The f-’s and 5’s of MlSFET’s using 

arbridge gate structure were higher than those of 

MISFET’S using traciitional gate structure due to 

the lower parasitic capacitances. The experimental 

results suggest that the optimized insulator 

thickness for 100 nm GaAs active layer is around 

50 nm to 100 nm. Due to the Ga,,,,In,,,P airbridge 

gate structure, a high current drivability, hgh 

breakdown, high Iineanty, high speed, and low 

leakage gate curreBt Ga,,,,In, ,,P/GaAs MISFET 

was achieved. These results showed that the 

Ga, ,,In, ,,P/GaAs airbridge gate MISFET’S were 

very suitable for microwave lugb power device 

applications. 
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