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A New /—V Model Considering the
Impact-lonization Effect Initiated by the DIGBL
Current for the Intrinsic n-Channel Poly-Si TFT’s

Hsin-Li Chen, Student Member, IEEBNnd Ching-Yuan WuMember, IEEE

_ Abstract—Considering the impact-ionization mechanism occur-  through the side with lower grain barrier into the channel,
ring in the high drain-bias (Vps) regime, a new/—V model resulting in the increased current. This phenomenon is so
considering the impact-ionization effect initiated by the drain-  ~o11ed the drain-induced-grain-barrier-lowering (DIGBL) ef-

induced-grain-barrier-lowering (DIGBL) current has been estab- . . A .
lished fo? the intrinsic n-cha%r(lel pon)-Si TFT. The simulation fect [8]. Based upon the interfacial-layer thermionic-diffusion

results with considering the developed impact-ionization current model [9], and considering the DIGBL effect, Lt al. [8]
model are in excellent agreement with the experimental output had analytically simulated the kink output characteristics of
characteristics of the intrinsic n-channel poly-Si TFT with the  the doped poly-Si TFT’s. However, for the intrinsic poly-
mask-gate length ranging from 5xm to 40 um. In resolving the — gj TET  the doping concentration in the grain must be set
physical parameters and their underlying operation mechanisms L . . .
including the grain-barrier height, DIGBL current, and impact- to_ Z(_aro._The derlvatlor_]s bY a;sgmmg the_ quadratic potential
ionization current, the developedI—V model will be beneficial to  distribution for the grain with finite depletion depth to solve

further understand the underlying physics of the intrinsic poly-Si  the 2-D Poisson’s equation [8] will be invalid due to the zero

TFT. doping concentration and the grain-barrier height model will
Index Terms—DIGBL, impact-ionization, -V model, poly-Si Preak down. Therefore, the grain-barrier height model and
TFT. the I—V model developed in [8] cannot be used to simulate

the grain-barrier height and the—V characteristics of the
intrinsic poly-Si TFT. To solve this problem, the existence
of the trap states in the grain is assumed and the grain-
ECENTLY, the intrinsic poly-Si thin-film transistors barrier height model for the intrinsic poly-Si TFT can then be
(poly-Si TFT's) by low-temperature process havestablished [10]. Moreover, the potential distribution across the
received wide investigation for their important applicationgepletion region in the grain, which is important to calculate
in the active-matrix liquid crystal display (AMLCD) [1], the diffusion velocity of carriers in thd—V model based
[2] and the static random-access-memories (SRAM'S) [3n the interfacial-layer thermionic-diffusion theory, can be
To optimize the design of the poly-Si TFT's with high-easily obtained. However, with the—V model considering
performance, they should have a reliable analyzer based dily the DIGBL effect using the grain-barrier height model
the physical mechanisms to correlate the dependence of f§€the intrinsic poly-Si TFT, there is still a large deviation
electrical characteristics on the fabrication conditions. in the kink regime of the output curves between the results
The kink effect for the drain-source currefifns) of the  of simulation and measurement for the intrinsic poly-Si TFT.
poly-Si TFT operating in the high drain-bias regime has beqrhijs implies that, in addition to the DIGBL effect, the impact-
investigated by several works [4]-[8]. With the aid of twojonization should be considered for simulating the kink output
dimensional (2-D) numerical simulation, the nature of the kinkharacteristics of the intrinsic poly-Si TFT.
effect had been identified to be due to the impact-ionization|n this paper, we will propose an analytica-V model
mechanism in the high-field regime near the drain for thg simulate the impact-ionization mechanism initiated by the
intrinsic poly-Si TFT [4]-[7]. On the other hand, when theDIGBL current for the intrinsic n-channel poly-Si TFT's.
drain voltage is applied, the grain-barrier heights for bot will be shown later that the physical meaning for the
sides of the grain boundary become asymmetric and the graiihk output characteristics is clearly represented in our model

barrier height for the side near the source junction will bgnd good agreement is obtained between the simulated and
lower than the side near the drain junction. As a consequenggperimental results.
there will be extra carriers injecting from the source junction

I. INTRODUCTION

Il. THE IMPACT-IONIZATION CURRENT MODEL
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where Ipiapr, is the current of the DIGBL effectiV (L) is Si0(Gate)
the channel width (length)u/, is the effective mobility and =~ <__*° Source
is given as @ © 1
; ) 4@ ©—>© o1
= T 2 / *7 ces .
T A Ves Ve -V BB 4 O VAR CIRFI-1 R
) . @1T>@®—>0-1+—>® >0 © b
with B} = n*2= and ¢ = 26(Zx55); Q,, is the density of — Town. Jd” <@ o4
carriers (free electrons for n-channel device) per area; and <__®/ **@ o>
v + en’/Rn Ni ; . dx @
Fy="Pn l n7RR P 3t 1-W3 /L 3
’/ZDnenVRn ﬁLg exp(/ (/)GB_) * ( T/ g) ( ) > X
x =0 (Saturation Region) x = ALy,
where

i diffusi loci f el he depleti Fig. 1. Cross-sectional view of the saturation region in the intrinsic
Vpn Iffusion velocity ot electrons across the dep etIOlﬂ-channel poly-SiTFT, which illustrates the multiplication process of the

region; impact-ionization mechanism initiated by the DIGBL current, where
0,vr, effective thermal velocity of electrons across thépresents the Si atom-site; the arrow with the dashed line shows the path

. . . of the generated electron-hole pair.
grain boundary along the channel direction; g P

8 inverse thermal voltagé=q/kT);
L, grain size; n is expressed by
Wi depletion width in thei-th grain;
‘_ grain-barrier height considering the DIGBL effect. A=n, exp<EF_]€7fi|m>. 7)

The grain-barrier height model, considering the DIGBL effect

for the intrinsic poly-Si TFT, can be expressed as [10]  Thjs identification of the space-charge is important for cor-

‘ s (qNST ~ ea )2 rectl_y cglcglating th.e diffusion velocity of the free-garriers in

g = : L (4) the intrinsic poly-Si TFT and enables the extraction of the
Cox(Vas = Vro = Vi) 8es; electrical parameters with reasonable values. Moreover, this

where conclusion is valid for both the intrinsic and doped poly-Si

TFT's.
When the intrinsic poly-Si TFT operates in the kink regime,
. ; ) the impact-ionization of carriers occurs in the saturation region
Nt gler_lsn_y of the grain boundary states; in which the lateral electric field is greater than the critical
Vro intrinsic threshold voltage. et ; R . )
L . . . electric field (£imp ). The impact-ionization mechanism in
From the derivation of the grain-barrier height model fof,o satyration region is illustrated in Fig. 1, where= 0 is
the intrinsic poly-Si TFT [10], it is shown that the potentia,o e ginning position for the occurrence of impact-ionization
variation¢(x) accounting for the formation of the grain-barrier,; \ pich the electric field is equal to the critical value and the
is governed by the reduced Poisson equation potential is equal to the saturation volta@és sat ). AS a first-
2 ) ) order approximation, we assume that the critical electric fields
72 @) — K é(x) = —K"Von. (5)  for both the saturation of the carrier-velociigc) [8] and the
o _ beginning of the impact-ionizatioffi,,,, ) are reached in the
Within the turn-on regimé’on > ¢(x) and the space-chargesame point of channel with the potential beiigs sa¢. ALga
term K?Vqy, is equal toCox (Vas — Viro)/tsi, which is just is the length of the saturation region amd= AL.,, is the
the average concentration of the induced free-carfysvith  position of the drain junction.
positive sign; that is, the space-charge in the depletion regionisThe generated electrons together with the initiating ones

composed of the induced free-carriers for the intrinsic poly-&bm the DIGBL current form the total drain-source current
TFT. The depletion approximation for the diffusion velocity

should then be expressed as Ips(z) = Iprer + Limp e (@) (8)

tsi thickness of the active poly-Si film;
Cox capacitance of the gate oxide per area;

i o~ o f2q7 : i 5t i Zt,-1  wherelps(z) is the drain-source current composed solely of
YD = Hn <¢_sl> [(bam = V2) * + (dapy — Vi) 7] the electron flow considering both the DIGBL effect and the
(6) impact-ionization mechanism, which will proceed to initiate
the next impact-ionization when moving toward the drain;
whereV; is the thermal voltage. Note that to calculate the difand Ii,,,;, . (x) is the impact-ionization current initiated by the
fusion velocity, the dopant concentration used for the poly-8lectrons. The generated holes move toward the sevitbeut
resistor has been replaced by the concentration of the indu@gitiating impact-ionization. Naturally, the generation rate of
free-carriers for the intrinsic poly-Si TFT. The concentratiothe electron-hole pairs by the impact-ionization mechanism
of the induced free-carriers is calculated with the Fermi energyll be proportional to the quantity of the initiating electron
in the strong inversion condition and the extracted graiflow. From the discussion above, we can obtain the differential
barrier height [10]. Based on the Boltzmann approximatiogquation for the variation of the impact-ionization current in
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the saturation region as follows: G

Alip,e(x) = () Iprasr + limp,e(x)] dx 9) s | sio, - A )
where a_(x) is t_he impact-ionization rate of the electrons_; ) O —» @_’:%
Worthy 10 note that (e DIGBL. cumrent paricipates n the chil .
impact-ionization mechanism but onstantover the whole . :’T (i fesion) _’1 .

channel region. This is because in the saturation region,

the DIGBL current onIy contributes to initiate the impaCtEig' 2. Diagram illustrating the current continuity for the impact-ionization
L . L h mechanism initiated by the DIGBL current in the intrinsic n-channel poly-Si
ionization current, and the impact-ionization current will nofet.

contribute to the DIGBL current. That is, the electrons of

the generated electron-hole pairs are not added to the DIGﬁ‘ﬁpact-ionizationinitiated by the DIGBL current through the
current. The DIGBL current is completely calculated by (l)multiplication operation

The variation of the drain-source current then comes malnly.l.he physical meaning of the boundary conditions for the
from that of the impact-ionization current and is expressed la¥ain—source current within the saturation region can be identi-

fied to be consistent with the current-continuity condition and
dI = dlip e (2). 10) .. S . S o
ps(@) () (10) is illustrated in Fig. 2, in which it illustrates the continuity
With (8), (9) and (10), we can obtain for the mechanism _of the impact—ionizat_io_n ir_1itiated by the
DIGBL current. Initially, the electrons injecting from the
dIps(z) = ax)Ips(x) dz. (11) source junction move toward the drain through the transport

mechanisms combined in series, by surmounting the grain
In fact, (11) is a one-dimensional continuity equation of thearriers, diffusing across the depletion regions near the grain
drain-source current, which accounts for the impact-ionizatid®undaries, and drifting through the inversion regions between
mechanism of the intrinsic poly-Si TFT. By integrating bottihe depletion regions. This is the transport mechanism de-
sides of (11) over the saturation region with the associategribed by the interfacial-layer thermionic-diffusion model [9].

boundary conditions The DIGBL current is then formed and is constant over the
whole channel region. Within the kink regime of the intrinsic

Ips(z = 0) = Ipigar poly-Si TFT, the electrons, from the DIGBL current, enter

into the saturation region and perform the multiplication-

and ionization, as illustrated in Fig. 1. Additional electron-hole

pairs are generated and the variationIgk(x) is governed
by (11). The electrons and holes generated are separated by
the high electric field and move toward the drain and source

anth|th the !nltegratlon Va”ﬁbl? exchanged from the Spacgction, respectively. When reaching the drain junction, the
to the potentiall’, we can obtain electron flows, coming both from the DIGBL current and the

Ipg(x = ALy) = Ipsr (12)

Tosx g, AT Vi av impact-ionization process, form the total drain-source current
/ IDS :/ a(z) dx :/ a(€) = (13) Ips,. On the other hand, it is important to note that the
oL +DS 0 VD sat holes generated are not included as the initiating carriers

where £ is the lateral electric field. Thus, the total drainlcor trlfj |mpac;—|?hn|z§t|to_n ’T‘eCh?”'gm’Tgﬁ?au.se thte at\)/ alancge—

source current considering both the DIGBL effect and t ca thown ot the Itn IrlnSICItpo_)Il_-h : ttﬁ 'Sb not o ser\f/eth

impact-ionization mechanism is obtained as follows rom the experimental resulls. Thus, at the beginning ol the
saturation region where the electric field is of the critical value,

Vis dv Ips(xz = 0) is equal to the DIGBL current and is the only
Ips,r = IpraBL X exp [/ a(€) va (14) source for initiating the impact-ionization mechanism. The
15 st DIGBL current and the hole flow generated from the impact-

in which the impact-ionization rate can be derived based |%n|zat|on mechanism, form the total drain-source current in

the probability argument and is explicitly expressed as follows region near the source. Because the extra amount of
[11]p yarg plicitly exp Glectrons is equal to that of the holes through the electron-hole

pairs generated and the DIGBL current is constant over the

g€ Ey whole channel region, the total drain-source current obtained

<_ ) ( is then constant over the whole channel. Thus, the two
boundary conditions considered for the drain-source current
where E; is the threshold energy of impact-ionization, whiclare reasonable, and are also the key points in determining
is 3/2 times the bandgap energy of Sijs the optical-phonon whether the construction of this new analytidatV' model
mean free path of carriers in Si. Equation (14) intuitivelys successful or not.
shows that the drain-source current of the intrinsic poly-Si It is noted here that compared with the threshold energy
TFT with the kink effect comes from the mechanism of thef 3/2 times Si bandgap for triggering the impact-ionization
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process, the effect of carrier recombination is a high-ordend the drain-source current can be obtained as

effect in determining the transport mechanism of the poly-Si

TFT operating in the kink regime. Within the physical picture o Vis.cat AV

constructed in our/—V model, the mechanism of carrier Ips,r = IpiGeL X exp l/ a(f)g—’wv
: : : Vbs imp,C

recombination occurs when the holes generated by the impact- DS,sat

ionization process move toward the source junction [4]. The

electrons generated flow out the drain junction to be measumgtere the integral in the exponent can not be obtained ana-

and meanwhile, extra electrons in addition to those due to tiygically and should be calculated with numerical integration.

DIGBL current inject from the source junction into the channélhe calculation for this numerical integration is time-efficient

and recombine with these holes. The impact-ionization curred® expected. Equation (20) will be appropriate for fhel”

is then formed. Due to the high concentration of the trap statgigwlation of the short-channel poly-Si TFT's because the

at the grain boundaries with energy level centering in trsrong dependence of the electric field on the position is

bandgap, the recombination rate of carriers is large enougpnsidered.

that the recombination effect will not be the limiting process

in determining the impact-ionization current. Although the

mechanism of carrier recombination takes part in the formation Ill. RESULTS AND DISCUSSION

of the impact-io_nization current, th? k?nk .effef:t.i.s dominated In order to test the validity of the analytical model developed
by the mechanism of the impact-ionization initiated by thg,e the intrinsic n-channel poly-Si TFT's were fabricated.
DIGBL current. , . Anintrinsic poly-Si film of 1000A was deposited onto a 1500
To calculate the total drain-source currdlisr, the dis- 3 TEQg puffer layer grown on glass by the LPCVD method
tribution of the electric field in the saturation region shoulgnd the intrinsic poly-Si film was annealed at 10@for 4 h.
be known f|r§t. Tr,]e quaS|.-2-D_ method had_ been gsed Rer being patterned into individual devices, a 7A0TEOS
solve the Poisson’s equation in the saturation region aBgte oxide was grown, and then another LPCVD poly-Si film
shown that in this region, the distribution of the electrig; 5590 was deposited. The source, the drain, and the poly-

field is nonlinearly dependent on the position [12]. On thg; yate were simultaneously implanted using phosphorus ions
other hand, (14) possesses the freedom for the electric f|§[d80 keV with a dose of x 1015 cm~2. It is noted that the
in that any reasonable distribution of the electric field iBon-Si channel is undoped. '

allowable to be substituted into (14) to calculate the impact-

ionization current, provided that the parameters used should

be reasonably accepted. For simplicity, we will propose & Parameter Extraction

empirical formula for the nonlinear dependence of the electric The procedure of the parameter extraction can be divided
field on the position and then on the potential. It is given afto three steps. First, using the curve @fis versusVeg

(20)

follows: obtained from the Arrhenius plot of the drain-source current,
v ¥ the grain size, the density of the grain boundary states and the
EV) = gimp,C(F) (16) Fermi energy in the strong inversion condition are extracted
,sat

with the analytical model of the grain-barrier height and the
where&,,,, ¢ is the critical electric field accounting for the oc-detail is presented in [10]. Second, based on the accurate
currence of the impact-ionization within the saturation regiomodeling of the grain-barrier height with those parameters
and~ is an empirical parameter indicating the nonlinear degréxtracted previously, the parameters for the model of the
for the dependence of the electric field on the potential (afetferfacial-layer thermionic-diffusion current, including the
position). It is obvious that when is zero, the electric field maximum electron mobility in the surface chanigb), the

is equal to the critical electric field over the whole saturatioBmpirical constant of the surface-roughness scatte(itig

region and is given by the effective thermal velocity of electrons across the grain
boundary(6,,vr,) and the scattering-limited velocity., ), are
E(V) = Emp,c (17)  extracted from the transfer curve of the poly-Si TFT operating

o ) ] ) _in the linear regime. After optimization of the transfer curves,
S_ubstltutmg _(17) into (14) W|th_some _mathematlcal manipulgre threshold voltagé V) extracted is 1.123 V. Third, the
tion, the drain-source current is obtained as follows: parameters for the DIGBL effect and the impact-ionization
current are extracted from the output curves of the poly-Si TFT
operating in the high'ps regime. The critical electric field for
velocity saturatiof &) and the nonlinear factor of the electric
Equation (18) will be appropriate for the-V simulation of field (n) for the DIGBL effect are extracted by fitting the
the long-channel poly-Si TFT's because the weak dependersaduration point and the portion of the output curve before the
of the electric field on the position is considered.-As equal saturation point. The critical electric field for impact-ionization

Vbs — VDs sa
IDS,T = IDTGBT, X exp |:a(8imp,c)%:| - (18)
imp,C

to unity, the electric field is given as (€imp,c) and the nonlinear factor of the electric field) in
(16) are extracted from the kink-portion of the output curve.
EV) = Empc <L) (19) It is noted thatfc is much smaller thad,, -, as shown in
VDs sat Table I.
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TABLE | 150.0 -
PARAMETERS USED TO SIMULATE THE I—V CHARACTERISTICS WIL,=20(wm)/16(1m) N *
Ly(ppm) 5 10 { 20 | 30 | 40 % EXPERIMENT x
5 —— SIMULATION (with IMPACT-IONIZATION) %
tolem?/V —s) | 1284|1284 1284|1284 1284 —— -~ SIMULATION (without IMPACT-IONIZATION) ;
(4 0.75310.753 1 0.753 | 0.753 | 0.753 ® SATURATION POINT

Onvpa(108cm/s) | 0.896 | 0.896 | 0.896 | 0.896 | 0.896 ooy

va(10%m/sy | 80 | 80 | 80 | 80 | 80

7 0.65 | 0.50 | 0.45 | 0.30 | 0.25 fi
Ec(104V/em) | 40 | 40 | 40 | 40 | 40 £
Er(eV) 168 | 1.68 | 1.68 | 1.68 | 1.68
MA) 76 | 76 | 76 | 76 | 76 500
¥ 10 | 00 | 00 | 00 | 00
Eimpc(10°V]em)| 72 | 100 ] 62 | 58 | 56
10 200 0.0
10° EXPERIMENT
" © SmuLATion Fig. 5. Output characteristics of the intrinsic n-channel poly-Si TFT with
10 P ¢
150 W/Ly = 20 pm/10 gem.
107
10’ 30.0
o x EXPERIMENT
- g - SIMULATION (with IMPACT-IONIZATION)
:né 10 10.0 1:3 ———— SIMULATION (without IMPACT-IONIZATION) v//_;//_,,r
l 167 ® SATURATION POINT 5
W/L,=20(um)/20(1um)
1" V=20V
50 20.0 y
10 _ £ B S
3 « A e
10 E‘,; 3
10" 0.0 B 18V
0.0 5.0 10.0 15.0 20.0 TEE %L
Ve (V) el wF LR
Fig. 3. Transfer curves of the intrinsic n-channel poly-Si TFT shown in both ¥4 16V
the logarithmic and linear scales. : SERTES
14v
1000.0 i 0 50 0.0 15.0 20.0
W/L,=20(um)/ 5(1m) v, (V)
£
* EXPERIMENT . . s . . . .
o0 | —— SIMULATION (with IMPACT-IONIZATION) Yare F|g. 6. Output characteristics of the intrinsic n-channel poly-Si TFT with
- -~ SIMULATION (without IMPACT-IONIZATION) W/La = 20 pm/20 pm.
® SATURATION POINT e
oo s the mask-gate length. The deviation betwekyy and L.g
El A A should be more carefully considered in determining fhd”
T wos vy A T characteristics of the short-channel device. With optimization,
S i the deviation of the effective channel length from the mask-
s X gate length AL = Ly, — L.g, is obtained to be um for
200.0 5 e S S W =TT . .
16Ve" the test devices used. Only one set of parameters is needed
x > - . . . .
e t *ii*fi*%* to accurately simulate the transférV characteristics. This
i,;;,:»-.ﬁit il X 14V .
00 m - = 00 consequence confirms thg accuracy Qf the develapell
Vis (V) model with correctly resolving the physical parameters for the
Fig. 4. Output characteristics of the intrinsic n-channel poly-Si TFT witlllmr{nsIC pO|y—SI. TFT's. The d|screpan9y in the _SUbthreShO|d
W/Ly = 20 pgmf5 pm. regime shown in the plot of logarithmic scale is due to the

fact that the real distribution of the grain-boundary states is
continuous within the bandgap. In the subthreshold regime,
the sweep of the Fermi level over the continuous distribution
Fig. 3 shows the experimental and simulated transfer curvgisthe grain-boundary states within the bandgap will result in

both with logarithmic and linear scales. Good agreement in thg smoother variation of the current [6], [13], which is not
turn-on regime is obtained and the parameters extracted for Hagisidered in our model.

interfacial-layer thermionic-diffusion model are reasonable, asFigs. 4-8 show the experimental and simulated output
listed in Table | for devices with the mask-gate lengfhw;) curves and the solid and dashed lines represent the simulation
ranging from 5um to 40 um. Due to the tilt etching-bias results with and without considering the impact-ionization
and the source(drain) dopant diffusion into the active polyaechanism, respectively. With considering only the DIGBL
Si film, the effective channel lengtfl.¢) will be less than effect, there will be large deviation presented in the kink

B. I—V Characterization
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20.0

X EXPERIMENT W/L, =20(0m)/30(m)
SIMULATION (with IMPCAT-IONIZATION)
——-- SIMULATION (without IMPACT-IONIZATION)
® SATURATION POINT
30 e _
< V=20V
% *
—_ % X
‘53 10.0 5 +
H & HOEATTT D -
— £3
18V
501 / o X 3 ISR - S
) 6V
KX L S i i g
14V
0.0
0.0 5.0 10.0 15.0 20.0

Vs (V)

oS

of the electric field assumes larger magnitude and stronger
dependence on the position than those of auiDene with~y
being zero. The complicatedly-behaved output characteristics
of the intrinsic poly-Si TFT show strong contrast with the
compact form of our analytical model for the impact-ionization
current initiated by the DIGBL current.

IV. CONCLUSION

A new analytical model considering the impact-ionization
mechanism initiated by the drain-induced-grain-barrier-
lowering (DIGBL) current for the intrinsic n-channel poly-Si
TFT has been established. The output characteristics of the
intrinsic n-channel poly-Si TFT with the DIGBL effect and
the impact-ionization mechanism in the low and higBhs

Fig. 7. Output characteristics of the intrinsic n-channel poly-Si TET witfiegimes, respectively, can be well simulated by the dew

W/Ly = 20 pm/30 pm.

15.0 T
* EXPERIMENT

—— SIMULATION (with IMPACT-IONIZATION)

=~~~ SIMULATION (without IMPACT-IONIZATION)
® SATURATION POINT

10.0 V. =20V

Lys (WA)

18V
5.0

WL, =20(1m)/40(um)

model established. With these physical mechanisms for both
the formation of the grain-barrier height and the transport
mechanisms being correctly resolved, the model proposed
will be able to well characterize the electrical properties of
the intrinsic n-channel poly-Si TFT. The accuracy of this
model is also supported by the reasonable values of the
physical parameters extracted. Therefore, it can serve as a
reliable analyzer to correlate the relationship between the
fabrication conditions and the electrical characteristics and
will be beneficial to further understand the underlying physics
of the intrinsic n-channel poly-Si TFT.

6y

14v [1]
0.0 %

0.0 5;0 10.0 15.0 20.0
Vi (V)
(2]
Fig. 8. Output characteristics of the intrinsic n-channel poly-Si TFT with
W/Lyr = 20 pm/40 gem.

(3]

regime between the measured and simulated output curves.

On the other hand, by further considering the impact-ionizatiof#]
mechanism in thd—V model, good agreements are obtained
in both regimes dominated by the DIGBL effect (Id#s) and  [5]
the kink effect (highVps). The parameters used for simulation
are listed in Table I. It is encouraged that excellent agreement
is obtained even for the short-channel device with a masks]
gate length of 5um. From these figures, it is shown that the
impact-ionization of the carriers occurs in the highs regime  [7]
for the devices with various channel lengths. The degree of
the impact-ionization increases with the decreased chann
length, as expected. The nonlinear dependence factor of the
electric field,~, is zero for the devices with channel lengths

. [9]
being greater than or equal to }0n. For 5um mask-gate
length, v increases to unity. With the optical-phonon mean-
free-path of carriers in Si at room temperature being used,
critical electric field for impact-ionizatioti€;,, ¢) extracted
are within 16 V/cm regime, where the impact-ionizationl2]
process normally occursii,, ¢ also shows the decreasing
dependence on the increased channel lerdth, « of a 5um
device being smaller than that of a 1@ one is due to the
fact thaty of a 5um device is unity and its empirical formula

[13]
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