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A resistance based analytical model for drain current of a Junction less field effect transistor with sur-
rounded channel (SCJLFET) is reported in this paper. Surrounded channel junction less field effect tran-
sistor (SCJLFET) exhibits the merits of both double and single gate Junction less field effect transistor.
This paper illustrated the uses of resistance of the channel to obtain the drain current. The model is based on
the concept that channel of a JLFET is comprised of either a space charge layer or a neutral layer or an ac-
cumulation layer or combination of any two of these layers. The model development starts with the formula-
tion of resistances of these three types of layers followed by determination of total channel resistance in the
four modes of operation of a JLFET. In the sub threshold mode only depletion layer is present while in bulk
current mode total resistance is obtained by parallel combination of neutral semiconductor and depletion re-
sistances. In flat band mode only neutral semiconductor layer is present while in accumulation mode total re-
sistance is obtained by parallel combination of accumulation and depletion resistances. The drain current
model in four modes is obtained by dividing the potential difference across the channel with the corresponding
resistances of the modes. It is simplified model based on resistance of the body of the device. The model devel-
oped is fully analytical in nature which reduces the computation time in designing. The model is full range
model applicable in all the operation modes of surrounded channel Junction less field effect transistor
(SCJLFET). The potential expression also obtained using Poisson’s equation. The analytical drain current
model has been verified with the help of TCAD numerical simulation results by comparing the transfer and
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output characteristics of the device obtained from TCAD and the drain current model.
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1. INTRODUCTION

Junction less field effect transistor (JLFET) exhibits
superior characteristics compared to other MOSFET
structure [1-4]. However, JLFET suffers from few serious
drawbacks regarding switching [5-17]. As a consequence,
the minimum number for gate requirement for JLFET is
two. Monogate JLFET has some advantages regarding on
characteristics as well simpler configuration. Therefore, a
novel structure namely surrounded channel JLFET in-
corporating advantages of both double and single gate
structure along with another advantage of higher packing
density compared to both the structure has been reported
n [18]. For any MOS based device the most important
parameter is the current through it. Therefore, model for
current flowing through the JLFET is developed and pre-
sented here. In a JLFET, the variation of gate voltage
causes variation of depletion width leading to variation in
the channel resistance. When the gate voltage is below the
threshold voltage, the channel is devoid of carriers result-
ing in a very high channel resistance [18-20]. Due to this
ideally no current can flow through the device. At gate
voltage exceeding the threshold value causes depletion
width shrinking. As a consequence, channel resistance
decreases which results in a decrease in the channel po-
tential barrier to initiate the flow of current through the
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channel [20]. Further increase in the gate voltage reduces
the depletion width until the condition of zero depletion
width arises.

When the depletion width becomes zero the channel
resistance drops to a very small value resulting in a large
current. Drain current rise beyond the flat band value
may also occur due to accumulation of charges near the
oxide semiconductor boundary.

However, the current due to accumulated charges is
negligible compared to the bulk current which dominates
on-state characteristics of JLFET. Thus, the drain current
in a JLFET is directly related to the channel resistance
which varies with the depletion region thickness.

The model for a modified version of a JLFET with
channel wrapped around the gate (SCJLFET) is present-
ed. The model for all the modes of the device- sub thresh-
old, bulk current, flat band and accumulation are ob-
tained. The width of the depletion layer decides the mode
of operation of the device. The model development starts
with the determination of resistances of the three layers-
depletion, neutral and accumulation which is followed by
total resistance determination of the channel in the four
modes. Finally, the current expression is obtained by di-
viding the channel potential difference with the total re-
sistance. The model verification is done at simulation level
with the help of results obtained from TCAD simulations.
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2. METHODOLOGY

The paper uses resistance of the channel to ob-
tain the drain current. The method used to deter-
mine the resistance is based on the charge density in
the various parts of the channel as the channel con-
sists of neutral semiconductor, depletion or accumu-
lation or their combinations in different modes of
operation. The potential expression also obtained
using Poisson’s equation.

2.1 Model Derivation
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Fig. 1 — Surrounded channel of JLFET [18]

Fig. 1 indicates the schematic diagram. The body of
the device is divided into three regions- drain, source
and channel. The resistances of the regions are deter-
mined separately and finally equivalent resistance of
the entire body has been determined. Each region con-
sists of

i) Depletion resistance Ra (%, y, Vg, Vas) (Sub
threshold) or

i) Flat band resistance Rna (X, y, Vgs, Vas) (Flat
band) or

iil)) Combination of both neutral semiconductor re-
gion and depletion region (Bulk current) or

iv) A combination of neutral semiconductor and
an accumulation resistance Race (X, ¥, Vgs, Vas)
(Accumulation)

The resistance equivalent circuit for the device
for different modes of operation is shown in Fig. 2

(a), (b), (¢) & (d).

Fig. 2 — Sub threshold mode (a), bulk current mode (b), flat
band mode (c), accumulation mode (d)
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The current flowing through SCJLFET is,
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where @(X =L, +%) and @¢(X =—Lg —%)
are the potentials at the drain and source terminals
which can be given as [18-20],
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Rn
R3 = % ” (Rnd7 + Raccs)

The channel potential equation for SCJLFET is giv-

en by [18-20],
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Therefore the equation for the surface potential ¢S
of SCJLFET is given by [18],
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3. RESULTS AND DISCUSSION
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Fig. 3 — Transfer characteristics for various gate length
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Fig. 4 — Output characteristics for various gate length

Fig. 3 shows transfer characteristics and Fig. 4
shows output characteristics for gate lengths
(L =20 nm, 25 nm, 30 nm). A device with very short
gate lengths allows larger on current as well as sub
threshold current due to lower channel resistances
and higher DIBL.

Fig. 5 shows transfer characteristics and Fig. 6 in-
dicates output characteristics for gate oxide thickness
values (fox =2 nm, 3 nm, 4 nm). Thicker gate dielectric
layer generates higher capacitance between gate and
the channel. This enhances the control of channel po-
tential by the gate. This effect results in higher conduc-
tion current and lower sub threshold current due to
enhanced coupling of gate and channel.
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Fig. 5 — Transfer characteristics for various Gate dielectric
thickness
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Fig. 6 — Output characteristics for different value of Gate
oxide thickness
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Fig. 7 - Transfer characteristics for different value of
channel thickness
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Fig. 8 — Output characteristics for different value of channel
thickness
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Fig. 7 shows transfer characteristics and Fig. 8 shows
output characteristics for Temperatures (300 K, 400 K
and 500 K). With rise in temperature the carrier mobility
decreases which in turn causes lower drain current.
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Fig. 9 — Transfer characteristics for different value of gate
dielectric
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Fig. 10 — Output characteristics for different value of gate
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Mopgesib cTpyMy CTOKY HA OCHOBIi OIIOPY OTOYE€HOI'0 KaHaJly IIOJIbOBOIO TPaH3UCTOpPa
N. Das, K.C.D. Sarma

Department of Instrumentation Engineering, Central Institute of Technology, Kokrajhar, 783370 Assam, India

V 1t cTaTTl PO3TJISHYTA aHAJIITHIHA MOJIEIh HA OCHOBI OIIOPY JJISI CTPYMY CTOKY ITOJTHOBOTO TPAH3UCTO-
pa 3 orouenum ranasiom (SCJLFET), axwuit neMoHCTpye mepeBaru TpaH3UCTOPIB 3 MOBIMHUM Ta OJUHAPHUM
3arBopamu. L[s craTTs mpoltoocTpyBasia BUKOPUCTAHHS OIOPY KAHAJLY JJIA OTPUMAHHS CTPyMy CTOKYy. Mo-
JleJIb 3aCHOBAHA HA KOHIEIINi, arigHo 3 axoio kaHan JLFET ckiamaerses 3 mapy IpocTOpoBOrO 3apsidy,
HEeHTPaJbHOrO IIapy, IMIapy HAKOIUYeHHs, 400 3 KoMOIHAIlll OyIb-aIKUX IBOX 13 IuX mapis. Po3apoOka momesti
[IOYMHAETHCS 3 (POPMYJIIOBAHHS OIOPIB I[UX TPHOX THUIIIB MIAPIB 3 IOMAJIBIINM BU3HAYEHHSIM 3arajIbHOrO
OTIOPY KaHAaJIy B 40TUPHOX pesknMax podoru JLFET. V migmoporoBomy peskuMi IpUCYTHIN JIUIIE BUCHAMKYO-
UM I1ap, TOMl AK Yy PEeKUMI 00’ €MHOI0 CTPYyMY 3araJIbHUH OIp BUXOIUTD IJIAXOM IIapasiebHOI KoMOIHATII1
OTIOPIB HEUTPAJILHOTO HAMIBIPOBIMHUKA. Y PE/KHMI ILJIOCKOI 30HU IIPHUCYTHIN JINIlle HEUTPaJIbHUA HAIIBIIPO-
BIJHMKOBUI IIap, TOMl AK y PEKUMI HAKOIIMYEHHS 3araJbHUM OIMp BUXOIUTH IIJIAXOM IIapajieIbHOI KoMOi-
HaIlll OIOpiB HAKONMYEHHS Ta BHUCHAMKeHHSA. MoIesab CTPyMy CTOKY B YOTHPHOX MOJAaX OTPUMYETHCS I1JIeH-
HAM PI3HUIN TMOTEHITIATIB 0 KaHAJy Ha BAIOBIAHI omopu Moj. Lle cmporera mojessb, sika Mae MOBHICTIO
AHAITUYHUA XapakTep, IO CKOPOUYye dac 00UMCIIeHb IPU MIPOEKTYBAaHHI. Brpas mMoTeHIaly TaKkoMx OTpU-
MaHU# 3a JOIoMorow piBHAHHS [lyaccona. AHamTHYHA MOJEJb CTPyMy CTOKY OyJia mepeBipeHa 3a JI0IIoMO-
ro10 pe3ysbraTiB yrceabHoro mogemioBanus TCAD muisixoMm MOpiBHAHHS XapaKTePUCTHK IIepeIadi Ta BUXO-
ny mpucrpolo, orpuMmanux 3 TCAD, 1 Mozesi cTpyMy CTOKY.

Koouogsi cmosa: Mogess crpymy crory, [logsiitumit satBop, JLFET, Otouennit kanan, SCJLFET, TCAD.

04002-5



