604 JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 18, NO. 4, APRIL 2000

Frequency-Dependent OPFET Characteristics with
Improved Absorption under Back lllumination

Nandita Saha Roy and B. B. Pal

Abstract—A simple analytical model of an ion-implanted GaAs terms of physical parameters and are important in giving a phys-
metal-semiconductor—field-effect transistor (MESFET) is useful jcal insight into the device operation.

for computer aided design of GaAs devices and integrated circuits With the increasing use of optical transmissions in different

(IC’s) and device parameter acquisition. The present paper aims t d | t of devi truct ith i d
at presenting a frequency dependent analytical model of GaAs op- Systems, development of device structure with improved cou-

tically illuminated field-effect transistor (OPFET) with improved  Pling efficiency between optical and microwave energies have
absorption under back illumination. Instead of the conventional become very important. For optimum optical/microwave inter-

front illumination through the source, gate and drain we consider gaction, optical absorption in the active region of the device is to
the incident radiation to enter the device through the substrate. be improved. In the present model, we consider a cavity in the

Two cases are considered: one in which the fiber is inserted par- L . .
tially into the substrate and the other, in which the fiber is inserted substrate of an ion-implanted GaAs MESFET where the fiber is

upto the active layer—substrate interface. The later case repre- inserted and the Optical radiation is allowed to fall on the device
sents improved absorption in the active layer of the device. The cur- from the substrate side. Two cases are of interest—one in which
rent-voltage characteristics and the transconductance of the device the fiber is inserted partially into the substrate and the radiation
for different signal modulated frequencies have been evaluated. enters the device through the substrate and the other in which

The frequency dependence of internal and external photovoltages . o . . .
and the photocurrent have also been calculated and discussed. The]clber is inserted upto the active layer-substrate junction so that

results indicate significant improvement over published data using Strong absorption occurs in the active layer of the OPFET. The
front illumination. fundamental physical mechanism behind optical illumination is

Index Terms—AC model, GaAs optically iluminated field-effect the absorption of photons in the valence band of the material
transistor (OPFET), optically controlled metal-semicon- thereby creating electrons and holes. The photogenerated elec-
ductor—field-effect transistor (MESFET) photonic devices. trons contribute to the drain-source current when a drain-source
voltage is applied and the holes develop a photovoltage at the
schottky junction and the p-n junction of the device resulting in
the modulation of the channel conductance. The variation of the
T HE rapid development of GaAs technology requires the; component of the drain current, photovoltages, transconduc-

development of an accurate and simple device model @fyce and gain with signal modulated frequency and radiation
GaAs metal-semiconductor—field-effect transistor (MESFETy),x density have been studied and compared with published re-

The optical control of such a device provides an added advafiits under front illumination. The theory is presented below:
tage of obtaining electrical isolation and immunity from elec-

tromagnetic interference.
Inrecentyears, considerable attention has been given to GaAs [l. THEORY

optlcal_ly |Ilum|r_1ate_d fm!d-eﬁe_:ct transistors (OPFE.T. s) for their The schematic structure of the ion-implanted GaAs OPFET
charming applications in optically controlled amplifiers and os-

cillators. Some authors [1], [2] have also reported high speed chdEh back illumination is shown in Fig. 1(a) and (b) for the two

tical detection with GaAs MESFET's. Experimental mvesnga—ases' In Fig. 1(a), the flper 's inserted p"?‘”'a"y into the sub

. i o Strate so that the absorption takes place in both substrate and

tion of microwave characteristics of GaAs MESFET under op-_. . ) Lo .
active region. In Fig. 1(b), the fiber is inserted upto the junc-

tically direct-controlled conditions was carried out by Mizung. :
. . . 1ion of the substrate and the active layer where photoabsorp-
[3]. At about the same time, de Salles [4] carried out theoretica . : . .
ion takes place in the active region only. The drain-source cur-

and experimental characterization of GaAs OPFET with em- N . T
. . . ent flows along ther-direction and the illumination is inci-

phasis on photovoltaic effects. An analytical ac model OfaGa%Sent along they-direction of the device. Electron-hole pairs are

OPFET considering the effects of radiation and surface recon- gthe ' b

bination was developed by Mishet al. [5]. Using the same generated due to absorption of photons in the neutral substrate

structure, Zebdat al[6] analyzed the effect of carrier concen- 2J'oN: the gctlve Iayer-substrate_ dep_leﬂon region, th? neutral
: e T : . . channel region and the schottky junction depletion region. The
tration on the lifetime of minority carriers under time varyln%

conditions. These theoretical models provided a simple and %ically generated electrons move toward the channel and con-
i P P fibute to the drain-source current when a drain-source voltage

curate closed form expressions for the device CharaCte”St'C?s'%pplied while the holes move in the opposite direction. When

these holes cross the junction a photovoltage is developed. This
Manuscript received April 27, 1999; revised November 16, 1999. V Itage being forward biased reduces the depletion width of
The authors are with the Department of Electronics Engineering, Institute o(f) . . .
Technology, Banaras Hindu University, Varanasi 221005, India. both the junctions. For the first case where the substrate effect
Publisher Item Identifier S 0733-8724(00)02193-9. is included, an external photovoltag€,,; ) is developed across
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Fig. 1. (a) Schematic structure of the device with fiber inserted partially into the substrate. (b) Schematic structure of the device when itheefitezt i to
the substrate-active layer interface. (c) Gaussian profile and its equivalent constant doping distribution of impurities in the active layer.

the schottky junction and an internal photovoltayg,. ) is dav- for electrons and
eloped across the substrate-active layer junction. For the second

case where no substrate effect is involved the only photovoltage  dp(y, t) 19J,(y,t) p(y,t) R.1p,
developed is the external photovoltaigg,; across the schottky ot g Oy +G- T - S, ®)
junction.

The device consists of a p-type uniformly doped semi-inséer holes.
lating substrate followed by an epitaxially grown ion-implanted G is the volume generation rate of carriers and is assumed
active layer of n-type doping. The ion-implanted profile is repo vary exponentially with distance. Taking the surface as the
resented by the Gaussian distribution given by [7] reference since the radiation is incident from the surface side,

G follows the following relation:
Q y— Ry 2
N = 2/ o _< o2 )

where( is the implanted dose, is the straggle parameter andyneret is the surface to substrate thicknesss the absorption

R, is the projected range. _ _ _ coefficient per unit length angl is the radiation flux density per
Under dark condition the drain current is contributed by thenit area per second.

majority carriers (electrons) contributed by the impurity atoms J,, andJ,, are the electron and hole current densities given by
in the channel. Under illumination the photogenerated electrons

and holes in the substrate and channel neutral and depletion re- J

gions are obtained by solving the respective continuity equa- T = quyn + an_” (5)
tions [8]. The time-dependent continuity equations for electrons d

and holes are represented in one dimension as

)

G = ape V) 4)

1
8n(y, t) — _a‘]n(yv t) + G — n(yv t) _ RST"

dp
2 J, = qu,p—qD,— 6
ot q ay ™ S, ( ) P qUypP—qLl/p dy ( )
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In the above equations different terms have their usual meaninbere(1/7,,,) = (1/7,)+jw, 7., is the life time of holes under
as in [5]. The termR, in (2) and (3) is calculated using theac condition.,, is independent af if 1/7,, > w.

relation [5] Using (11), the number of holes crossing the junctionata

is calculated. The internal photovoltalg,: across the channel

Nk kp(nsps — nipt) (7) substrate junction is obtained using the relation

kn(ns +n¢) + kp(ps + pt)

kT Jyla kT vy pla
wheren, = a¢r, andp, = a¢r,, and other terms have the Vopz = —1In <#) =— <qy‘]7p()> (12)
same meaning as in [5§,, andsS,, in (2) and (3) are the surface 1 2 1 *2

recombination velocities for electrons and holes, respectively.WhereJ,, is the saturation current density for the: junction.
the above expressions, we consider both surface recombinafitve surface recombination is zero fidy,..

due to trap centres at or close to the surface and bulk recomThe external photovoltagg,,; across the schottky junction
bination. The recombination due to traps at the interface of thecalculated using the relation

active layer-substrate region has however been neglected.

R, =

The incident radiation is assumed to be modulated by a signal Vopt = LI <ﬁ) _ kT <qup(0)> (13)
of frequencyw. Thus under small signal condition q Js q Js1
b= o+ reiet (8.a) where J;; is the reverse saturation current density across the
0T "7 Schottky junction [9]p(0) is the number of holes crossing the
n=mno+ ”1‘3@ (8:0)  junction aty = 0 and is also calculated from (11).
p=po+pe (8.c) Equations (12) and (13) represent the ac photovoltages.The
G = Go + Gt (8.d) importance of calculating.,; andV,; lies inthe fact that they

modify the depletion widths of both Schottky junction amng
where “zero” indicates the dc value and “one” indicates the gnction considerablyy.,, the extension of the schottky junc-
value. tion depletion region in the channel measured from the surface
Assuming that only negative trap centers are present and tisagxpressed as,
the traps close to the surface are important, (6) may be approx-
imated as

e = | o= Ao )| (4)

Rs ~ Ntkpps . . . . . .
assuming the abrupt junction approximation whafg is the
or equivalent constant doping concentration of ion-implanted pro-
file (Fig. 1(c)). Under illuminatiory,, is modified to

Ry = (Nrkpagory,) + (Nrkyar,¢relt) )
2¢ 2
where Yo = [m(ff)B — A+ v(z) — vgs — Uopl)} - (15)
knns > kpps and ngps > nipy. Similarly, the extension of the-p junction depletion region in

o ) _ the channel measured from the surfgge also gets modified
By combining (2)—(5), (7), and (8) we obtain two sets of differg, v/,, under illumination.y,. is written as (assuming abrupt

ential equations under ac and dc conditions. junction approximation)
A. Calculation of Photovoltage B Nal 2 3 (16)
The photovoltage is developed due to flow of holes across the Yas = G Nar [¢N4 (oni +v(@) = ve) |-

junctions. The transport mechanism of carriers in the depletion .
region is due to drift and recombination. Thus the continuitynder dark and modified to
equation for holes is represented by the first-order differential Ny { 9e

equation as Yie = a — N W(vbi + v(x) — Ubs — voPQ)} 17)
dr A

wol

O _ 9 _p 2P ety _ BeTp

= 10) under illumination.
ot Y UyTp Uy Spuy (10)

In the above equationdy, is calculated using the relation

Under back illumination, carrier generation is maximum at tHgee Fig. 1(c)]
substrate end at = ¢ andy = 0 refers to the surface of the " 2
| ion is mini is is evi ¥ Q y—R
device where generation is minimum. This is evident from (4) Nawyi = / exp |— P
for generation rate. So the constant associated with the exponen- 0o oV2m V2
tially decreasing function witly is assumed zero from physical . . ) . )
wherey; is the distance for whiclvy, y; is same as that of im-

condition. The ac solution for the hole density is obtained as : i i

planted charge in the channel apds the junction depth of the
active region from the surface which is same ag the active
layer thickness.

dy (18)

(11)

p(U) — a(/)l'rwp efa(tfy) _ NTkapTwp(/)la
) (1+ avyTup) Sp
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B. Calculation of the AC Drain-Source Current

The ac component of the total drain-source current is con-
tributed by the carriers due to ion-implantation and optical gen-
eration in the channel and substrate regions. It can be repre-
sented as,

Ids(total) = lion + In + Idep + Loup. (19)

When the substrate is not involved as in the second case men-
tioned earlier, the contribution is due to ion-implantation and
photogeneration in the neutral channel region and gate deple-
tion region.

In this calculation, we follow the model similar to that for
high pinch off MESFET devices [9]. The procedure followed is
given below. The drain-source current is expressed as

Lis = Lae (1 + AV;) tanhpV; (20)
where
Vi(the input voltage = Vi — Leat(rs +74) (21a)
Gon .
n= T ; G, being the channel conductance (21b)

A = 0.025 (constant)

wherer, andr, are the source and drain resistances, respec-
tively.
The saturation current is defined as

Lo = Lot [K = (K2 =14+ U} (@2)

where

TsItotal
K=1
" < 2Vro )
and
Voi — Vs
Ugp = ——2
& ‘/po

Iiota1 IS the channel current and is determined from gradual
channel approximation.

i) The ac drain-source current due to ion-implantation is
obtained using the relation

I/LZ Vds
I s — 1 ion d
ds 7 /0 Q v

whereQ;.y, is the ac channel charge due to ion-implan-
tation and is calculated from

(23)

y:ls
Qion = 4 / N(y)dy

Y,

(24)

dg

Z is the channel width and. is the channel length.
The frequency dependence of the ion-implanted current
arises due to the frequency variation of the photovolt-
ages. Under dark condition when the photovoltages are
zero, we obtain the dc value of the drain-source current
due to ion-implantation.

607

The contribution to the drain-source curréfh;) due to
ion-implantation is obtained as

_ aZQ
2L
wherel; andl, are given in the Appendix.

Iion

2 — 1] (25)

i) AC current due to carriers generated in the neutral region:

When the frequency modulated optical signal is incident
on the device, the number of generated electrons are ob-
tained by solving (2). Since the transport mechanism in
the neutral region is diffusion and recombination in ab-
sence of any drain-source voltage the continuity equation
is a second order differential equation.

The frequency dependent ac equation is given by

ay

d2n1_ n1 __Oé</)16_
dy? B D,

D,1.n
inwhich(1/7.,) = (1/7,) + jw. 7wy is the life time of
electrons under ac condition,,, is independent aof; if
(1/7,) > w.
The effect of surface recombination is not present in case
of electrons since only the presence of negative traps has
been assumed at or close to the surface. The solution
to the above equation for the neutral channel region is
obtained as

(26)

N1 = aP17un [1 + m} exp(—a(t - ydg))

— —a(t—y)
X exp |:_ <ydg y>:| _ a¢lTwne (27)

Ly, (a?L2 —1)

where the boundary condition applied is:at= yq,

n = apTyme @t v,

In the above equation,,.. = +/D,7., and is called

the frequency dependent diffusion length or ac diffusion
length of electrons. In the above equation one of the con-
stants is assumed zero from physical conditions since the
carriers generated reduce with distapc@he ac charge
density developed due to the electrons generated in the
neutral channel region is given by

Yds
Qch = (J/ ni dy

Yds
So, the ac drain-source current contributed by photogen-

erated electrons in the channel neutral region is calcu-
lated as

NZ Vds
-[01:_ 01d
W= /0 Qe dv

Z 1 ,
= QIZ |:Oé(f)1an {Twn + Z} (e_atLL - I3)

- 13)}

I (28)

wherels, I, and; are given in the Appendix and

1

For the first case where the fiber is inserted partially into
the substrate the generation in the substrate neutral region
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TABLE | wherelg andI; are given in the Appendix an@.., is
VALUES OF DIFFERENT PARAMETERS defined as

ASSUMED FORCALCULATION

Values of #tfferent parameters assumed for calculation

Parameter Name Value Unit

Yt
qub = Q/ 2 dy

Yw

° Straggle Parameter 0.383x 10 (m) 1 IS the extension of the channel-substrate depletion
R,  Projected Range 0361 x 107 (m) region in the substrate measured from the surface given
1, Electron Mobility 0.45 (m*/V.s) by,
pp,  Hole Mobility 0.04 (m¥/V.s) N
Z  Channel Width 100 x 10 (m) Yo = s -+ [E (o0 + ite — Ubs):| z 31)
o Absorption Coefficient 1.0x 10° (m™) gN
T Electron Lifetime 1.0x 10° (s) where
1, Hole Lifetime 1.0x 10" (s) . . .
v,  Carrier velocity in y-direction 1.2 x 10° (m/s) <_> — <_> + <_>
ty Thickness of the MESFET 1.0x10°% {(m) N Na N

including substrate iii) AC current due to carriers generated in the depletion re-
L Channel Length 3.0x10° (m) gions:
a active layer thickness 0.15 x10% (m) The Fransport mechanifsm in the depletion region is due
A Position of fermi level below  0.02 (ev) to drift and recombination. So the frequency dependent

continuity equation is of the form
the coaduction band

6 Schottky barrier height 09 (ev) on  nT.,  apr _, (t—y) _

vl +—c =0 (32)
g Permittivity 1.04335 x 107 (F/m) ay vy Uy
N, Trap density 1.0 x10% m?)

where the constant associated with the exponentially de-

-17 K . . . B
k,  Capture factors for holes 3.1 x10 (m'/s) creasing function of is assumed zero from physical con-
k.  Capture factors for electrons 3.1x 10 (m/s) dition.
v,  Pinch-off voltage 1.68 v The solution of the above equation gives the number of
vps  Substrate Potential 0.0 v generated electrons in the depletion region and is written
as
. -3
Na Substrate doping conc. 1.0x10% m
NP1 T .,
; ng = —STn__—alt—y) (33)
Ny Equivalent const.doping conc. 0.658x10” m” (1 - avyTwn)

As mentioned in Fig. 1(a) and (b) there are two different
depletion regions in the device and have been considered
also contribute to the drain-source current. So under that ~ Separately.

condition (25) is solved by applying the boundary con- a) Depletion region below the gate: The contribution
dition, at to the total ac channel current due to generation in

the gate depletion region is calculated as
Y= t7 n = CY(/)Twn

I’LZ Vds
. . 1 epl =— ep d
The number of generated carriérs ) in the neutral sub- devt =77 Qaepr dv
strate region is obtained as
where
biton 1+ =
N2 = AP1Tun VT RN Yag
(LrQLu.OéQ - 1) ( ) Qdepl = (J/ n3 dy
@—w> ot 0
xexpl| — . — . (29
p< Ly (L2, 0% —1) (29) Hence
The contribution to the total ac channel current from the 1 Toom 1 7wom
neutral substrate region is given by Liepr = — Iz + — Vas (34)
° (1 — avyTin) (1 — avyTun)
pZ [ . . . .
Iom = T / Qsup dv b) Depletion region at the active layer-substrate inter-
P 0 1 face: The charge developed due to electrons gen-
Ly, = % [CM/MLW {Twn + Z} (vas — Ig) erated in this region is given by

P .
+ T(Uds — I7) (30) QdepQ =4q nady

Yds
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So the AC current is obtained as § i Va=04v
$, =10 /m -8 Vo OOV
7 Vs
Idep? = NT Qdep? dv
0 0.36
(JNZ ¢1Twn
= Iy—1 35
L [(1 — owym.n)( ? 10) (35)
¢,=1651m2-s
wherels, Iy andlyo in (33) and (34) are givenin 3
the Appendix. £ 03t -
Summation of (29), (31), (34), and (35) gives the £
total ac channel current from which the total ac §
drain-source current is calculated using the rela- § ,
tion (19). :
w 026 B
C. Calculation of AC Transconductance
The ac transconductance of the device is evaluated using the
relation
0.21 T T T T Y
dlys 1E+7  1E+8  1E+9 1E+10  1E+11  1E+12 1E+3
Im = |: d :| (36) Fraiwmcy;‘iz) *
dV;éS Vi< CONStant (a)
V4=04v
Vgu*x00v
[ll. RESULTS AND DISCUSSIONS v 2

0.95. (—&=10 fm -

Numerical calculations have been carried out for the drain-
source current, the photogenerated current and the transconduc-
tance of the device under ac condition. The device parameters
and the values of different constants have been listed in the table. 08 1 4 cill i«

Fig. 2(a) and (b) shows the plots of the external and the in-
ternal ac photovoltages against signal frequency at different ra-
diation flux densities. Both the external photovolta@e,:) 0.85
and internal photovoltage .2 ) remain constant upto 100 GHz '
in (11) contributes significantly at a frequency above 100 GHz. 08 -

after which the value decreases with increasing frequency. This
is because the coefficient associated with the exponential term

intemal Photavoitage (voits}

The recombination term has very little contribution. The varia-
tions of photovoltages are similar to that reported earlier [10].
Comparison of Fig. 2(a) and 2(b) shows that for a particular fre-

quency and flux densitl,» is larger thar¥/,,; . This is because °-751£+7 S S S S
the saturation current density for p-n junction is less compared Frequency (Hz)
to that of schottky junction. Moreover, under back illumination (b)

the number of carriers generated at the active layer-substrate de-
pletion region is more than that in the gate depletion region. Fig. 2. (a) Variation of external photovoltage with frequency under different

The ac component of the drain-source cun(da;) has been fIl_Jx densjtie_s. (b) Variatiqn_ of internal photovoltage with frequency under

. . ; . different incident flux densities.

plotted against drain-source voltage of the device at different
signal frequencies and is shown in Fig. 3. The figure also rep-
resents the two cases mentioned earligr.is observed to de- been considered. Further, the models considered illumination
crease with the increase in frequency at a particular drain-souieeident on the semitransparent gate of the device.
voltage. Further, when the radiation is incident at the active The plot of ac drain-source current against frequency and flux
layer-substrate interface (case 2) there is enhanced absorptiensity are shown in Fig. 5(a) and (b), respectively, for different
in the active region. So a largéi; is obtained compared to theconditions of incident radiation and the device structure. For
case where a finite substrate effect is involved (case 1). varying flux density of incident illumination/y, (ac part) re-

Fig. 4 represents a comparison of |-V characteristics ofains constant upto 1 MHz after which it decreases with the
the present model with that of Mishet al. [5] and Zebdaet increase in frequency. This is because the effect of frequency
al. [6] for the same device structure. At a frequency of 0.kecomes important whefi/r,,) < w.The changes afy; with
GHz and flux density ofi0%!/m?-s, the present model showsfrequency is similar to that in [10]. is higher for case 2 than
higher current compared to [5] and [6] because in [5] and [6hse 1. From Fig. 5(b) it is observed that at a flux density above
the channel width modulation due to photovoltage has nbtd'?/m?-s, the effect of illumination ody, is significant below
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Fig. 5. (@) Drain-source current (ac part) against frequency for varying flux
0 0.2 0.4 06 v o'gts 1 1.2 14 16 densities. (b) Drain-source current (ac part) against flux density for different
gs (Vohts) frequencies and drain-source voltages.

[®Refi6] #Ref5] —Presert Model |

Fig. 4. Comparison of I-V Characteristics of the present model with those tiie active layer thickness increases the valukgpat a constant
Refs. [5] and ref [6]. Vs and flux density.
Fig. 7 represents the variation of the ac transconductance

which the effect is negligible. At lower frequendy is larger of the device withV,, for the two cases—with and without
at a particular incident flux density. Both the plots show the e$ubstrate effect under back illumination. The transconduc-
fect of two different drain-source voltages also. Increasg;in tance is an important device parameter which determines the
increasedy, at a constant frequency and flux density. maximum cut-off frequency of operation of the device. At

Fig. 6 shows the plot of the I-V characteristics of the device particular value ofVy, the transconductance is lower for
for varying active layer thickness for the two cases and at a pargher frequency. The transconductance increases gradually as
ticular frequency. At 1 GHz, it is observed that the increase ame goes from depletion mode (normally-ON) to enhancement
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Fig. 6. Variation of drain-source current (ac part) with drain-source volta . . -
for different active layer thickness. Sﬁg.di.m rPaP:jci);ctJi%?]nerated current against frequency at different flux densities of

transconductance increases indicating that optical illumination
controls the device performance.

The plot of ac photogenerated current with frequency is

30 60
with substrate($,=10"7) *¥——%—

($,=10"%)

25 50 shown in Fig. 8. The photogenerated current is taken as the
i current due to generated carriers as a result of photoabsorp-

tion. Increase in the flux density increases the generation

20 40 of electron-hole pairs and the photogenerated current. The

B=0.1GHz photogenerated current remains constant upto 1 MHz after

which it decreases with the increase in frequency.

However, in these calculations we have not considered any
reflection from the surfaces which will slightly reduce the drain
current and transconductance of the device.

15 Mithout substrate( ¢,=10"7)
(¢l=1016) ———e

30

10 20

»=1.0GH;

gm(mho) (w ith substrate)(x10%)
gm{rmho) (w ithout substrate)(x10°%)

5 7 J 10 IV. CONCLUSION

Vey=0.4v | A new model for the OPFET frequency dependent charac-
0 V0.0 0 teristics have been outlined under back illumination with and
0.5 -04 ;,%3(‘5&? 01 0 01 02 03 without substrate effect. The significant feature of this new ana-

lytical model is the higher drain-source current of the device due
Fig. 7. Transconductance versus gate-source voltage for different frequen 1igslmprove.d a.b.sorptlon' Internal photovoltaic effect is found to
o Be more significant than the external photovoltage. The com-

parison of the device characteristics with and without substrate

mode (normally-OFF). However when the gate voltage is largeffect shows that the photogeneration in the active layer is sig-
than 0.1 V.g,,, reaches a peak and then decreases steadily wiificant due to enhanced absorption in the active region when no
the gate voltage as the gate voltage becomes more and nerestrate effect is present and enhance the photogenerated cur-
positive. It is because at higher positive gate voltages somereht considerably. The increase in the active layer thickness also
the electrons are attracted toward the gate instead of reachimgeases the drain current. The present OPFET model with back
the drain. Also the holes which where crossing the Schottljumination may be considered to be an useful method for the
junction gets repelled antl,,; decreases. So the cumulativedesign of a highly sensitive optical transducer, detector, pream-
effect of the above two phenomena causes the decrease ingifier and radio frequency optical switch in communication and
transconductance. With the increase in the flux density tkemputers.
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1
APPENDIX % exp<£1—l> epra _ L—> ,ﬂ”
The drain-source current due to ion-implanted profile is given e e
by (25) in which the termg; and, are defined as . 1
— A o — k‘g -1
Vs vag — Ry ( _ L)Q I Ly
I :/ erf< £ ) dv e\x— 7. nw
0 o2

IQ B /.Vds ot <Zlds _ Rp) " exp( mg ) kQ exp (a — L}M> kQ
= e . )
0

/2 (mg—a (a_ L )
They are evaluated as

_2exp(a——)k2{< —L>k _1}
Ilzw[%{—agerfag—i(e_ag—g} (a— L )3 ! Low) ™

€ NZ3 -
a/2 ! ! 1 —al? my
B L ertay+ o (eoF —1 1 exp( £
R A (WS
nw (ml_a)

1
+Z{erfa2 erf ay} + \/—( _GQ)}

_kl exp(a - Llw) ki 2exp (a - Llw) k1

qax/iNf 1 2 > _
L =""—"% (R — —agerfazg — — % —1 3
2 eN 4 ( P a) agertag NG (C ) (Oc— qum) (a— ,iw)
. L
+ dherfal + —— (e — 1 1
- (-
! 7(1 nw
—1—0\/5{% <a361fa3 3)
a, e N2 [m 1
— 53 < 7 ) I; = ZT‘: [72 exp[—a(t — m2)] — el exp[—a(t —mg)]

1 — 2 expl—alt — M epl—a(t —
_ Z(erfa/3 ~ erfag) aexp[ aft — mo)] o exp[—a(t — my)]

1 a
1 + — exp|—a(t —my)|+ —exp|—a(t —m
L —anl]. =5 expl=a(t —my)] + = expl—a(t — my)]
NZG
where
In the above expressions
k1 = yaglv@=o ™M1 = Yds]v(a)=0
_ v By balvoo— By k2 = yaglv@=va, M1 = Yaslv (m)=va,
= 3 =
oV2 7V2 h dI, of (30) has b luated to b
, [Yaglv ey=va. — Bp B [yaslv zy=va. — R The termsls and 7 of (30) has been evaluated to be
ay = as = .
O—\/i 0\/5 _ qNA t— yw|'l;:'vds
Is = 2 (Y lv=va, — @) Lne exp .
In (28), the drain-source current due to photogenerated electrons e
in the neutral channel region has the tetfysi,, and/;. They — L2 _exp <m> + (Yo |v—0 — @) Lne
are expressed as L
t— Yw |’U:0 2 t— Yw |'l;:'l;d<
Ny [k 1 X exp<7> — L exp <—
I, = P [ 2 oxp{—a(t — hz)} — — expl—aft — k»)} Lo L
£ 67 Oé
iy 1 and
- = —alt—k — —alt—k
o, expi—alt — k) + —5 exp{—a( 1)}} GNa [Wolvmve, — )
I = %5 exp [~ (t = Yl )

1 y'w|'1;=0 —a
i 1 ms - pewlatt - glm)] - (20
I4 = 7)2 o — L— k‘g -1 €exXp L—

1 1
(o=  explat = gulomo)] + 5 xpl-alt = loms, )|
1 ,
X exp K“ - Lm) ’”} in which
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Equation (34) is the expression for contribution to the total [5]
channel current due to the gate depletion region in wHich
can be written as

[6

qNg !
= socr |:<ydg|'v='vds - a) eXp[_a(t - ydg|"":'vds>]

~ (saalomo = 2 ) expl-a(e - iglo-ol]

Iy
[7]

(8]

The contribution to the total channel current by the carriers gen-9]
erated at the active layer-substrate interface depletion region ff'O]
given by (35)./ and/ of (35) are expressed as

2 1
Iy = a |:<y’w|’li—'lids - a - CL) exp[—a(t - yw|v:va;)] [11]
1
_ <yw|v=0 b a) exp[—a(t — yw|v=0)]} [12]
qur 1
I = s|lv=vqs ~ - t— s|v=v
0= 2 | (acdome, = ) xplat = adomss )

~ (vahemo 1) splate - sleco].
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