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Simple and Accurate Technique for Extracting
the Parasitic Resistances of the Dual-Gate
GaAs MESFET

Mostafa Ibrahim, Barry SyretMember, IEEEand Jeffrey Bennett

Abstract—A procedure to extract the extrinsic resistances of whereR,;, Ry, R 1, R.o, R12, R,, andR, are the resistances
the dual-gate GaAs MESFET (DGFET) is described. Six dc mea- of gate, gate, channel, channel, inter-gate, the source,

surement setups are used to generate nine independent relationsand the drain. respectivelv; andn. are the ideality factors
from which all the unknown extrinsic resistances of the DGFET ' P i "2 y

are extracted. The described technique distinguishes between theOf gatg and gatg Schottky barriers, respectivelyr is the
forward bias and the nonforward bias values of the channel resis- thermal voltagef;; and,, are the forward currents for gate
tance. The extrinsic resistances of 29 devices with different topolo- and gate, respectively.

gies are determined using the developed technique. The extracted  Since there are seven unknown resistances to be extracted,
resistances follow r!ormal sc_allng rules versus gate width. The de- two additional equations are required. Langegzal. [6], [7]
veloped procedure is a practical and accurate approach to extract . S
the extrinsic resistances of the DGEET. assumed that the channel resistances are equal (which is not
valid for nonsymmetric devices) to reduce the number of un-
knowns. Even with this assumption, an additional equation is
still required. Langreet al.[6], [7] did not show how they ex-
tracted the six unknown resistances by using only five indepen-
|. INTRODUCTION dent equations_

HE extrinsic resistances of the dual-gate GaAs MESFET Tsironis and Meierer [8] introduced dc measurements to ex-

(DGFET) are key parameters that affect the gain and tH@ct the extrinsic resistances of the DGFET. When extracting
noise figure of the transistor. While several techniques for e&s. Ra, and R;», the channel resistances were ignored. This
tracting the parasitic resistances of the single-gate FET ha@gsumption introduced a large error to the calculated extrinsic
been reported [1]-[5], much less has been published to extregsistances since the channel resistances can be in the order of
the extrinsic resistances of the DGFET [6]-[9]. The reportg@dr even larger thank,, g, or Ris.
techniques make use of either dc¥hparameter measurements To extract the extrinsic resistances of the DGFET, Deng and
from which some relations between the unknown resistances @fu[9] used the end-resistance method [10] to derive five inde-
derived. pendent equations and proposed to use other techniques to de-

Applying the technigue introduced by Dambriekal. [4] to  rive two additional independent equations. Using different tech-

calculate the extrinsic resistances for a single-gate FET usifigues makes the extraction procedure complex. Furthermore,
S-parameter measurements, only five independent equatiens of the five equations derived from the end-resistance tech-
can be derived for the DGFET. Assuming common sourg¢gque are based on measurements performed when the source is
connection, these equations are (port 1 is ggiert 2 is gate,  floating. These measurements cannot be obtained for on-wafer

Index Terms—Dual-gate MESFET, equivalent circuit, parame-
ters extraction.

and port 3 is the drain) devices that have sources grounded. Another drawback of the
v R reported technique in [9] is that the forward bias and the non-
ReZyy =Ry + ”} E ;1 R, (1) forward bias values of the channel resistance are assumed to be
gl equal.
Re Zz2 =Rgz + naVr + Heo +Ro+Ra+R, (2 In this paper, we introduce simple, yet accurate, dc measure-
Ig2 3 ments that generate nine independent equations to be used to
Re Zzz =Ry + Rea + Rz + Rep + Rs (3)  determine the seven parasitic resistances of the DGFET. Each
Re Z12 =Re Zi3 = Re Zay = Re Zay = Ra TR, (4 channgl resistance is qllowed to have two differe'nt values with
2 and without forward bias applied to its controlling gate, re-
Re Za3 =Re Zi33 = % + R+ Ry + R, (5) sulting in nine unknowns. All the measurements are performed

when the source is grounded which make this technique suitable
for modeling on-wafer DGFETSs whose sources are grounded.
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G o AVAVAVA will flow to the source. The voltages at both gasnd the drain
G Ry are measured simultaneously. It can be shown that
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Fig. 1. DC equivalent circuit of cold DGFET with both gates forward biased
[9]. Equation (11) shows a straight line fax(V,o — V)/Al —
(1/142) characteristics with n,V; as the slope and

alent circuit of the cold DGFET when both gates are forwargg2 + RfQ/ZS + Ry as the intercept point.

biased is shown in Fig. 1. [9]. In the fifth measurement setup, a currdpt is forced to
Using six different dc measurements, nine independent retveep through gatewhile a second current source sinks half

tions between the nine unknown resistances are generatechpyhis current out of the drain. At the same time, gateleft

using the end-resistance technique [10] as follows. open and the source is grounded. The voltage at the drain is mea-
In the first measurement setup, a currdpt is forced to sured. In this case, the source current equals half of gate

sweep through gafe while at the same time, both gatand rent. Becausé’ET; is driven symmetrically, no current will

the drain are left open and the source is grounded. The voltg@sy throughR.; and the drain voltage is given by
at gate and the drain are measured simultaneously and given

2|V
by # =Riz+ Reo+ Ry — R,. (13)
gl
f
i}/gl =Ry + n}VT + % + R, (6) The sixth measurement setup is similar to the fifth setup. In
gt gt this setup, a currer,, is forced to sweep through gatevhile
Va _RL ‘R 7 2 second current source sinks half of this current out of the drain.
Ip 2 ? At the same time, gajds left open and the source is grounded.

- ) ) _ The drain voltage is measured. Again, the source curfent
whereR,, is channe] resistance when gatés forward biased. equals half of gatecurrent. Because FETis driven symmetri-

Equation (6) shows a straight line farVy, /Alg; versusl/Iy  cally, no current will flow throughR... The drain voltage can
characteristics with, V- as the slope an&,;, + Rfl /3+ Rs be written as

as the intercept point. v,

The second measurement setup is similar to the first setup Y Ri2+ R + R, — Ry (14)
where a current,, is forced to sweep through gatavhile at the gt
same time both gajeand the drain are left open and the source Equations (6)—(14) are used to extract all the nine unknown
is grounded. The voltages at gatnd the drain are measuredesistance values.
simultaneously. It can be shown that
[ll. EXPERIMENTAL RESULTS

AV, naVr R

A_Tg2 =Rg + . + 32 +Ri2+Ra+Rs (8)  We applied this technique to characterize 2@rti-dual-gate
7 ; y GaAs MESFETSs with different topologies. These devices were
Va _ R + Rys+ Ry + R, (9) fabricated atNorte'I N_etworks, Ottawa, ON, anada. Fo'rbrevity,
Ly 2 the extracted extrinsic resistances of only nine transistors are

hereR’. is ch ist h s © d biased shown in Table |. The gate widths of these devices are>150
whereR., is channe] resistance when gatés forward biased. Lum; 2) 2x 100m; 3) 4x 25 um; 4) 4x 50 m: 5) 4x 100m:;

Equation (8) ShOWS astraight line farVy, /Al }/ersusl/IQQ 6) 6x 50 um, with the distance between gatend the source
characteristics with, V- as the slope an ;. + R/, /3+ Ri2+ (Ly1,) equal to 1.5:m; 7) 6x 50 um, with L1, equal to Jum;

R + R, as the intercept point, 8) 6x 50 pum, with L,;; equal to 4.5:m; and 9) 6x 50 ym
In the third measurement setup, a currént is forced to vv)ith Lo, léqtlal o 65:'1; a pm; ) H
gls .

sweep through gajewhile a second current source sinks & Cur- 1 -an he seen that the scaling rules versus gate width are gen-

rent equal to gatecurrent,/,,, out of the drain. At the same o1y verified. The gate resistances scale to the number of gate
time, gatg is left open and the source is grounded. In this casg, ers This is similar to the results published in [7]. It is also
no current will flow to the source. The voltages at the drain {§q5, that the source resistance, which includes bulk resistance
measured and given by of the region from the source to gateéncreases with the dis-

f tanceL, s, as shown by the & 50 m devices (6)—(9).
|Vd| _ Rcl R 0 g i fi
T =5 thedt R + Ry. (10) It was found that iR, = R/ is assumed, the extracted source
gt and drain resistances are under estimated. Since the channel re-

In the fourth measurement setup, a curréptis forced to sistance is smaller under forward bias condition, (7) and (12)
sweep through gajewhile a second current source sinks a cusshow that the calculated source and drain resistances will be
rent equals to gagecurrent,/,», out of the drain. At the same smaller than their real values. For exampleRif = R/ is as-
time, gate is left open and the source is grounded. No currestimed, the extracted resistances of device (6)are- 1.7 §2,
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TABLE |
THE EXTRACTED EXTRINSIC RESISTANCES OF THEDGFET

Device Lais(um) | Ro(Q) | Ra(Q) | RiA(Q) | Reao(Q) | RofQ) | Rer(Q) | ReaSD)
(1) 2x50 pm 15 82 3 16 3 81 | 1135 | 123
@) 2x100pm | 15 42 | 41 | 82 | &1 | 41 | 1125 122
(3) 4x25 um 15 8 | 79 | 159 | 8 79 | 552 | 595

@ax50pm | 15 | 42 | 423 | 85 | 428 | 416 | 54 | 587
(54x100pm | 15 | 237 | 21 | 43 | 217 | 234 | 56 | 588
(6)6x50pm | 15 | 287 | 28 | 56 | 282 | 28 | 357 | 39

(7) 6x50 pm 3 355 | 29 | 57 | 28 | 281 | 36 | 393
®)6x50pm | 45 42 | 29 | 554 | 28 | 278 | 3.56 | 3.94
(9) 6x50 pm 6 285 | 3 565 | 278 | 2.78 | 356 | 39

Ry =3Q, Rip =567Q, R = 2970, Ry = 1.64 (),

R4 =3.96 Q, andR,e = 4.1 Q. In comparison with the values

(1]
[2]

(3]

(4]

(5]

(6]

(71

for of device (6) in Table I, the source and drain resistance valuegg

are affected more than the other parasitic resistances.

IV. CONCLUSIONS

A simple technique to extract all the extrinsic resistances o
the DGFET using dc measurements has been described. T

[9]

1

g
e

technique has been tested on many DGFETs with different

topologies. The results obtained showed that the describ
technique gives a practical and accurate approach to char

terize the DGFET.
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