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Letters

Comments on “An Analytical ‘lkvo-

Dimensional Perturbation Method to

Model Submicron GaAs MESFET’S”

Nirupatna Kukreja and R. S. Gupta

Using a two-dimensional perturbation method for GaAs MES-

FET’s, the authors of the above paper [1] conclude that in the

perturbed case, there is an increase in channel potential with channel

position (along x-axis) by around 70 percent towards the drain end

of the channel as compared to unperturbed case. However, their

contention is contradicted by the relation in their paper which shows

that at z = O and z = Lg, the potential for the perturbed and

unperturbed case is the same. Also, the model is valid till the linear

regime and not in the saturation regime, as has been pointed out in

the following text.

In the above paper [1] Donkor and Jain have developed a two-

dimensional analytical model for the potential distribution in sub-

micron GaAs MESFET’s by solving the Poisson’s equation with

non-rectangular boundary conditions using perturbation method. They

have used this expression to derive the current-voltage relationship

and have pointed out that the model is applicable in the linear, the

saturation and the subthreshold regimes. While the overall analysis

is rigorous, we have found some serious discrepancies, particularly

in the potential expression and the equation governing the current-

voltage chmacteristics of GSAS MESFET. Moreover, it is also found

that the model is valid till the linear regime and not in the saturation

regime.

The authors have reported that the channel potential is given by

@($, y) =Vbi + Vg + 9~dy[2~(~) – y]/(2~)

+ X[An sinh ((2n + l)7rz/(2h,))

+ l% sinh ((2n + l)x(Lg – z)/(2h,))]

. sin ((2n + l)7ry/(2h, ))

+ XXC. [sin ( (2n + l)nz/Lg)]

. [sinh ((2n + l)my/Lg)] (1)

where

An s 4[V~ – Vbi - Vg - 4qiv~hshd/(m2 E (2n + 1)2)]/

((2n + l)rrsinh ((2n + l)7rL,/(2h,))).

Bn s – l[vbi + Vg + 4qN~h~/(eT2(2~ + 1)2)]

((2n + l)rsinh ((2n + l)rrL~/(2k~))) and

Cn z2(An.Bn)mo sinh ((27L+ 1)~~9/

(2hs))/(LQcosh ((2n + l) Th,/Lg)
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Fig. 1. (a) Variation of channel potential with channel position (without

perturbation), [1]. (b) Variation of channe~ patential with channel position.

(— ): without perturbation. (— —): with perturbation).
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(1 +4h:/L;))- ‘,, ,,,
8(An – Bn)mihs cosh ((272+ l)mL,/(2h. ))

/( L,cosh ((2rt + l)mh./(L,))

(1+ 4h~/L~)2) + 2A~m~ sinh ((2n+ l)7rL,/{2h~))

/(cosh ((2n + l)nh,/L,) :

(1 +4ht/L:)2) ‘

Here, we have solved the Poisson’ sequation under the same bounda$

conditions and found that the values of the constants are different

from the one’s given by the au~~rs. The correct values of.’the

constants are given below: ~

An =4( Vd-Vbi-Vg - ~~~((-1)’(~ti-2 hs)/~+2/~2)/(2~))/

., ((2n+l)nsinh ((2n+l)~L,/(2h, ))),

‘~n R – 4(~b, + Vg + gNd-ljn+lL/~ + 2/~2)/(2c))/

((h + l)nsinh ((2n + l)~L,/(2h, )))

where

k = (2n + l)x/(2hs)
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Flg,2. (a) Variation ofdrain cumentwlth drain voltage, [l]. (b) Vanationof
drain current with drain voltage.

and

C. = (–l)”(2n+l)n(A.l, +l?.l, )/(2hscosh ((2n+l)~h./L,))

where

1, - 4h~ sinh ((2n + l)rrL,/(21r, ))/(L,(2n + l)T(l + 4h~/L~))

and

12 E –I,

Fig. 1(a) shows a plot showing variation of channel potential with

channel position for the unperturbed case taking the values of

constants as obtained by the authors and Fig. 1(b) shows the same for

perturbed and unperturbed cases considering the values of constants

obtained by us. It is seen that the graph obtained in Fig. 1(a) is

different from the one given in their paper. Moreover, the perturbed

case cannot be drawn for the authors’ case because they have not

mentioned the values of m. and m,. The plot of Fig. 1(b) shows

that there is a variation in channel potential with channel position

only between z = O and z = Lg (gate length) and at x = O and

x = Lg, the perturbed and unperturbed cases coincide which, in fact,

approves the potential equation while it is not true with the authors’

case. From (1), it can be seen that at .r = O and z = Lg. the term

containing the perturbation parameter A (0 < J < 1 ) reduces to zero

which implies that the potential for the perturbed and unperturbed

cases remains the same.

The authors have made a mistake while calculating the value of

field E. The correct equation for E is given below.

EICO = X((2n + l)7r/(2h~))(A. cosh ((2n + l)7r~/(2h$))

– 13n cosh ((2n + l)T

(Lg - r)/(2hs)))

+ ~~((2n + 1)x-C. sinh ((2n + l)nhs/Lg)

. COS((2n + l)mc/Lg)/Lg),

Also, the equation showing the rd – Jrd relation in their paper is

dimensionally incorrect. The equation obtained by us taking into

account all the approximations considered by the authors is given

below and is dimensionally correct:

~~= ~UN~/J.~~/~(J(((\j + t’g + vbi)/v~)’5
- ((Y, + vL)/vP)’5)
~X(–l)n4Vp/((2n + l)~)[vd/v~ + 2(–1)”+1/

((2n + l)~)((vb, + V,)/Vp)’5

~[((vc + Vbi + ~~)/VP) 5- ((V, + Vb)/VP)’5]]

Fig. 2(a) shows a plot depicting variation of drain current with drain

voltage in their case. The range of current is 0–6000 amperes which

proves that the equation is dimensionally incorrect thereby giving

wrong restdts. Fig. 2(b) shows the Id – vd characteristics, as obtained

by our relation where the range of current thus obtained tallies with

the one obtained from standard ld – Vd equation for MESFET’s. It is

very clear from Fig. 2(b) that the model is valid till the linear regime

and not in the saturation regime as has been reported by the authors.
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Reply to “Comments on ‘An Analytical

Two-Dimensional Perturbation Method

To Model Submicron GaAs MESFET’S’”

E. Donkor and F. C. Jain

Abstract-This paper replies to the suggestions, corrections and com-

ments of Kukreja and Gupta, reported in this issue, on our paper
[1]. Their main observation concerns a) constants A., Bn and Cn; in

that they obtained different expressions from what we reported, b) the
dimensionality and range of applicability of the current-voltage relation,
c) details about parameters mo. and m 1.

L ParameterS m., m ~

These two parameters were first used [2] (see also ref. [14] cited in

[1]) in order to emphasize the linear approximation we made to the
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depletion-edge boundary (Fig. 1 of ref [1]). The slope of the line is

ml and mo represents the y-intercept. These parameters have been

defined in terms L~, hd and h., and are given by

(1)
J!/g

mo =h~, (2)

II. EVALUATION OF An, B., Cm

A detailed derivation of the constants, An, B. and C. has been

reported [2]. We have reviewed our procedure for deriving these

constants in [2] and feel that our results are comect as stated.

However, the procedure followed by Kujreja and Gupta in deriving

those constants is not available to us. We are therefore unable to draw

conclusion on the accuracy of the results obtained by them

Kukreja and Gupta [3] have however given a plot of channel

potential vs channel position in Fig. 1 of their paper. Their plots show

three line segments connected together with discontinuities at channel

positions 0.1 ~m and 0.4 Nm. It is not clear how they obtained linear

plots since the potential expression (eq. (1) of their paper) shows

hyperbolic dependence. Secondly they failed to give reasons for the

discontinuities in the plots. We, however, agree that the x-axis of

Fig. 2 in our paper should be labelled channel position rather than

channel length.

III. I-V EQUATION

One of the objection raised by Kukreja and Gupta is the dimen-

sionality of our current-voltage relation (eq. (27) of [1] reproduced

below for convenience). In this equation “a” is a product term and

not the subscript of” W.” Thus the current-voltage relation in [1] and

[3] should have similar dimensionality:

qNDj&w. [1VD+ Vbt+ Vg HVbt + Vg
ID= L

9 v, – v.

(3)

For simulating the current-voltage characteristics, we used the field

dependent mobility relation given in ref. [1 O] of [1]. For a given drain

voltage we determined the value of the electric field at the drain end

using eq. (24) of [1]. The corresponding value for the mobility at

that field strength was then deduced. By this iterative process we

were able to obtained a good agreement in the linear as well as the

saturation region of operation.

We would like to correct a typographical error in our paper. In the

last term of eq. (24), representing the electric field, in our paper [1],

the denominator “2h,” should be “Lg .“ This follows since eq. (24)

was obtained by differentiating the potential expression eq. (19) of

our paper. The corrected form of the equation should be:

~=~

ax ~. = E ‘2”; 1)”
s

?I=O

(4)

This error however does not affect the validity of the current

equation because the perturbation term in the electric field vanishes

after evaluation of the definite integral in eq. (25) of [1].

IV. CONCLUSION

In conclusion we stand by our expression for the potential distri-

bution and the current-voltage equation as reported. The dimension

of the current-voltage relation is correct as reported.
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