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Abstract—Single Grain Thin-Film Transistors (SG-TFTs)
fabricated inside a location-controlled grain by p€zochralski
process exhibit SOI-FETs like performance. To modelthem,
BSIMSOI with a proper modification of the mobility is proposed.
The model has been verified for n- and p-channel D@nd low
frequency AC conditions by comparison with measureent
results. Furthermore, the relaxation time approachto model the
Non-Quasi-Static (NQS) transient effect of SG-TFTsis also
implemented into the BSIMSOI and verified by 2D deice
simulation.

Index Terms— BSIMSOI, Coincident Site Lattice Grain-
Boundary, Non-Quasi-Static Effect, Single-Grain Thin-Film
Transistor.

show readily increases and gently decreases 0¥ Qi
characteristic, which is very similar to that of IS@GOSFETs
owing to the absence of the random GBs. Inste&dSG-TFT
channel consists of large silicon crystals sepdrdig few
Coincident Site Lattice Grain Boundaries (CSL-GBshich
have much lower electronic activity than random G&s As
a consequence, a model that explicitly takes immoant of
silicon crystals and CSL-GBs has to be developetho#lel of
large grain polysilicon has been performed [9] ibus based
on the classical long-channel formulation. In thisrk, a
modeling based on BSIMSOI developed by Universify
California Berkeley [10] is proposed for the modgliof the

SG-TFTs. The BSIMSOI is a physically based on S@teh

and has been used by many industries for circutlsition of

I. INTRODUCTION advanced SOI process. Due to the similarity betv®BfTFTs

SINGLE Grain Thin-Film Transistors (SG-TFTs) fabricated®"d SO MOSFETS, lots of the physical effects sasfsel-

inside a location-controlled grain by p-Czochralsk€&ting effect, floating body effect are common Hoth.

technology using an excimer laser have reachedogion- BSIMSOI also includes good short channel effects futly-
Insulator (SOI) performance despite low temperatur%eplet'on model |mportant for scaling wgwpomt.rlF_uermore, _
fabrication (<350 °C) process [1]-[3]. Digital cirics as well the model exte-nswely uses smoothing functmns, clvhi
as analog and RF circuits could be integrated digplay or guarantees continuous and smooth behavior of thedemo
into vertical direction for applications of FlexibElectronics description across all regions of device operafidrat ensures

or 3D ICs, respectively. Challenges now are togiesind to

fabricate those circuits by using this technolo@g. achieve 2.0 ;2E;LFO1;V|\./|;3::;GMO .
these goals a proper model for circuit simulatisnsf crucial T
importance. 154
Polysilicon TFT models [4]-[7] cannot be employed @
because they are based on classical long-chanmelfation 2 1.0
and cannot capture the characteristics of near-gnbomTFTs £
necessary to realize analog and RF circuits; atadlyehese 0.54
models use a mobility model that only takes intocant the
thermionic emission effect across random grain bHates 0.0 . .

(GBs). In these models, the mobility increases pewer law 6 -4
for low gate voltages and then becomes constarttifir gate
voltages. These models cannot be adapted to SG-b¥Tis
Czochralski technology, as shown in fig. 1. The Ba-s

Fig. 1. Mismatch between the measured transcondcetaharacteristic

n-channel SGFFTs with W =5 pm and L =5 um and 0.05 V draittage
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continuous and smooth behavior of equations acmfss
regions. Furthermore, an analysis of the transéfett of SG-
TFTs is realized for the first time. For transienndition, the
guasi-static (QS) approximation falls down and rtbe-quasi-
static (NQS) effect becomes no negligible any londgye this
work, the relaxation time approach in order to nidde NQS
effect is proposed and the verification is obtainby
comparing with 2D device simulator (DESSIS).

II. MOBILITY MODEL FORMULATION

It has been known that in the SG-TFTs fabricatesidim a
location-controlled grain by pu-Czochralski proctres channel
possesses the CSL-GBs. It was suggested that sbthese
boundaries are electrically active, although thgrele is much

with a=nLgg/L, Kg is the mobility expressed in the BSIMSOI
and it comes down from universal mobility model aleghends
on gate voltage as following [10]:

Ho

2 5
Vgsteff + thhj +U b(vgsteﬁ"' 2V trj ( )
Tox

Hc =
1+Ua(

oX

wherey, is the zero-field carrier mobility in silicon (eajuto
670 cni/Vs for NMOS and 250 cfivs for PMOS),U, andU,
the fitting parameters used to model the amouxiegfadation
due to the average normal electric fie, the threshold
voltage, Vgsieri the smoothing functions that approache¥go-
Vi and T, the gate oxide thicknessig is the typical

lower than that of the random grain boundaries he t thermionic emission relation:

polysilicon [8]. The motion of carriers across GBswell
known to be described by thermionic emission effé${7].
The thermionic emission effect has to be taken a&uwount in
the BSIMSOI mobility model and that is carried byta semi-
empirical model, which introduces some fitting paeders in
the physically based model. Considering a nunmbef CSL-
GBs andn silicon crystals within the channel, accordingtte
standard MOSFET theory corresponding to the onectirr
condition, and following the same procedure of [8je
channel resistende., will be:

Ren = NRs + NRsg =
L NnLg Nlgg

= + (l)
Wlett Qe Wl Qe W 6g Qnves

whereL andW is channel length and width, respectivdly,
average intra-grain lengtl,cg average CSL-GB lengthes
effective carrier mobility in the SG-TFT channgl is the
mobility in the silicon crystal angigg is the mobility in the

- H
expl Vb
KT
V, is the potential barrier height, which dependstlon gate
voltage [7]. For simplicity, the potential barridreight is

described by an empirical equation that utilizes YRyer
smooth function as following:

(6)

Vmax

Vp =
1+ Wgsteff

(7)

where Vi is the maximum potential barrier heigltt.is a
fitting parameter that describes grain boundary e il
lowering when gate potential increases. describes the
guantity of CSL-GBs in the channel and unifies piiyon
and SOI models. It becomes zero when no CSL-GB#dle
channel and the model approaches to the basic BSIM$

CSL-GB, Qi is charge in the inversion layer referred to th%an only be used as fitting parameter because dheer of
silicon crystal, an®@;,cg is the one referred to the CSL-GB. 'tCSL-GBs cannot be known

is related to the one in the grain by thermionidgssion effect

(7], [9]:
Qinvee = €xpaVy/ KT) Qnie

Therefore, we can obtain the following relation:

L _ L - I’ILGB + I’ILGB 3
et Ho  HoseXpCaVy(Voad KT) ®)
That can be rewrite as following:
1 1-a a«a
- e (4)
Hett  He HB

)

Ill. DC AND Low FREQUENCYAC SIMULATION RESULTS

The changes described above are included to the bas
BSIMSOI model by using Verilog-A implemented in ADS
simulator (following the approach of [11]). DC ardw
frequency Capacitance-Voltage (CV) characteristiase
simulated and compared to measurement resultsrder do
extract the parameters, optimization algorithm seds A
group device extraction strategy is carried oubrder that a
complete set of model parameters necessary alschéomel
length scalability is extracted. Fig. 2 shows measient and
simulation results of transfer and output charasties of n-
and p-channel SG-TFTs with 5 um channel lengthaiaith.
As shown in figures, a good agreement between me@sunts
and model is obtained. Fig. 3 shows the transcdaduoe
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Fig. 2. Measurement and simulation results of anctel (top) and p-

channel (bottom) SG-TFTs transfer and output chiaristics.
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Fig. 3. Measurements of transconductance chaistitserof n-channel SG-
TFTs with W =5 pm and L =5 pum for 0.05 V drainltage and differel
laser energy used for the sdit crystallization and simulations farequa
to 0.25V and 0.5 V.
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Fig. 4. Output characteristics (left) of n-chanB8&-TFTs with W = 5 ur
and L = 1.5 pm and capacitance characteristichtfrigetween gate a
drain/source connected together.

measurements of n-channel SG-TFTs by using diftawergy
densities of excimer laser (LE) for the silicon stallization.
The transconductance increases by higher lasegenEnat is
due to reduction of CSL-GBs in the channel. Thisatfis well

results of output characteristics of n-channel 39 with a
shorter channel length (1.5 pum). That confirms ghert
channel effects are properly modeled by BSIMSOQf. H

(right) also shows agreement between measuremedt an

simulation results of low frequency (1Mhz) capaoite-
voltage (CV) characteristics between gate and esaimce
connected together of 300 SG-TFTs with 5.5 um chlann
length and width connected in parallel.

IV. NON-QUASI-STATIC EFFECT FORTRANSIENT
SIMULATIONS

Circuit simulations are generally based on the igstasic
(QS) approximation, ignoring the carrier trangitdi along the
channel. However, the QS approximation causes engm
error in simulation results with fast time-varyirapplied
voltage as shown in fig. 5. To predict circuit merhance
accurately for transient and high frequency coodgj a non-
guasi-static (NQS) model considering the carriangient
delay is needed. The delay mechanism could be mdds}
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Fig. 5. Drain current response for switching oe ¢fate voltage from 0 V
5 V using the QS approximation.

segmenting the channel im-pieces, and each piece
corresponds to an independent device. Howeverptbgeling
incredibly enhances the calculation time due toitkkecase of
the number of transistors to be considered. BSIM®0Ithe
other hand, models a physical effective gate s
incorporating the first order NQS effect as well s
distributed gate electrode resistance for accyraieddicting
the RF performance [10], [12]. However, this modelnot
adapted for transient condition comparing with 2Bvide
simulation results, as shown in fig. 6. The 2D devi
simulations are performed solving the current, icwity and
traps equations. The traps are considered unifodistyibuted
into the channel and their density of state (DO®8)extracted

modeled by reducing from 0.5 down to 0.25, whereas theby fitting with DC characteristics. As can be obsetin fig. 6,
rest of parameters are fixed. Fig. 4 (left), on ditleer hand, the NQS BSIMSOI model with differentvalues such as zero

shows the agreement between measurement and simula@nd 0.25, where equal to zero corresponds to SOI-TFT, does
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Fig. 6. Mismatch of the drain current response daitching on the ga
voltage using the NQS model based on physical tefeegate resistan
incorporating the first-order NQS effect and ttistributed gate electro
resistance for RF application. BSIMSOI is execuigd equal to zero (SOI-
TFT) and 0.25.
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Fig. 7. Drain and gate current response for switchingh® gate volta(
using the NQS model based on the channel chargeaten approac
BSIMSOI is executed by equal to zero (SOI-TFT), 0.25 and 0.5.

not show an agreement with transient of 2D devicrilgition
by changing the DOS of traps into the channel.dct,f2D
device simulation result carries out that, the mraurrent
reached the equilibrium value as a first order RCud, and
this current rise becomes more gradual by incrgasie DOS

of traps. The NQS BSIMSOI model, on the other han

simulates the DOS increase of traps through a lodelay. To
adapt the transient model to the 2D device simatata NQS
model based on the channel charge relaxation apiprida],
[14] is implemented in BSIMSOI model by Verilog-f this

model, an internal node is created to keep tradck®famount [7]

g

of deficit or surplus channel charge necessary dach
equilibrium [14]. As shown from fig. 7, a good agmeent

between the model with equal to zero, 0.25 and 0.5, and 2

device simulation is obtained. The modeled draime rise
coincides with the 2D simulation one as well as e

current fall, especially for the range of lawvalues that is
corresponding to the SG-TFT technology. Insteagl jnbrease

of DOS produces mismatch because first order of
approximation falls down.

V. CONCLUSION

SPICE modeling of SG-TFTs fabricated inside a locat
controlled grain by pu-Czochralski process has lukemloped.
The model employs most of the essential MOS phyfsars
BSIMSOI with an essential modification in order docount
the CSL-GBs in the channel. The validity of the poeed
mobility model has been demonstrated by comparisutis
measurement results. Furthermore, NQS model basetieo
channel charge relaxation approach has been impteghénto
BSIMSOI in order to model the transient effect resédor
digital circuit design. The agreement between 2Dviade
simulation and NQS model has been shown for a rarige
DOS of the traps into the channel.
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