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A Time-Domain Approach to Simulation and
Characterization of RF HBT Two-Tone
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Abstract—In this paper, we evaluate the two-tone intermod- small-signal distortion when the device is in weak nonlinearity
ulation distortion for heterojunction bipolar transistors (HBTs)  conditions. These two methods are in a class of frequency-do-
operated at RF. We directly solve the nonlinear differential ,5in approaches and have their merits. A method to evaluate

equations of the HBT large-signal model in time domain by em- ) . . . .
ploying the waveform-relaxation and monotone-iterative methods. two-tone intermodulation is to solve the model problem in

Based on time-domain results, sinusoidal waveform outputs are the time domain directly. It first performs the analysis with
transformed into the frequency domain with the fast Fourier two-tone input excitation. The fast Fourier transform (FFT)
transform. Furthermore, the output third-order intercept-point  is applied to convert the time-domain data into the frequency
values of the HBT are computed with the spectra. Results for gomain for more analyses and characterizations. However, this
a fabricated InGaP HBT under different testing conditions are exact and straightforward approach (without any approxima-

reported and compared among the HSPICE results, the results . . . -
with harmonic balance methodology, and the measured data. tions) heavily relies on a robust, accurate, and efficient solver.

Comparisons among these results show that our method demon- Conventional solution methods applied for solving a set of the
strates its superiority over the conventional approaches. This nonlinear ordinary differential equations arising from circuit
characterization alternative has allowed us to study RF device models is the Newton's iterative (NI) method or Nl-liked
properties, perform thermal consumption and sensitivity analysis, methods. Unfortunately, the NI method is a local method and
and extract model parameters. it converges quadratically in a sufficiently small neighborhood
Index Terms—Distortion, heterojunction bipolar transistor  of the exact solution. These properties have their limitation
ggﬁ% F'gnpteéﬂ?ggtlsﬂggt’ioﬁ}’f%“rfsiéﬁ'{?ﬂ_\dgﬁaf}?;efer’t point  4nd 'sholuld be carefully veriﬂed in the prgctical engineering
application. It also does not satisfy the requirements of accuracy
and stability for intermodulation-distortion analysis.
|. INTRODUCTION In this paper, we propose a novel time-domain approach to

IGH-POWER heterojunction bipolar transistors (HBTsﬂ;e calculation and caharacter;zation Iof the two-tone intermod-
operated at high frequencies for power amplificatio ation distortion. The waveform-relaxation (WR) [17] and

have been of great interest for wireless applications in reciﬁPnotone-lteratlve (MI) [18] methods are utilized for solving

years [1]-[5]. One of the favorite properties of HBTs is hig e large-signal cirguit model in tim'e domain. The major
linearity. The linearity varies with the device structures anigfoPerty of our solution methodology is solving the nonlinear

should be optimized with respect to the design of the devid stems with the MI method instead of the NI method. First of

structure. For the HBT device linearity, the calculation Oqll,aset of nonlinear differential equations are formulated with

two-tone intermodulation distortion is important to characteriztge Gummel-Poon (GP) model. All equations are decoupled

the device operated at the RF regime. As is known, diﬁereW{th the WR procedure and solved independently with the

approaches have been proposed to calculate intermodulagnmetmd‘ 'I('jhe MI Iiteration Iok:)ps will be perform_ed_untilh
distortion [6]-[16]. The most conventional approach for th e compqte results meet the convergence criteria. T_e
model problem is with the harmonic balance method, Whiéﬁne—doma|_n results_ are then analyzed with the_ FFT to obtain
has been applied for studying large-signal distortion [6][8 lecessary information. The MI method for solving the system

The \olterra-series method [9]-[16] has been applied f II n_onllngar algebram equations arising from semiconductor
devices simulation has been proposed and successfully devel-
oped earlier by the authors [19]-[21]. The nonlinear model is
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TABLE |
SET OF InGaP HBT RARAMETERS FOR THEGP MODEL
Notation Value Unit
IS 2.85E-24 A
BF 86.95 -
NF 1.068 -
IKF 0.1815 A
IKR 1.032E-3 A
ISE 2.34E-18 A
NE 1.91 -
BR 1.47 -
NR 1.06 -
ISC 2.142E-14 A
NC 1.954 -
RB 48.13 Ohm
RB2 8.75 Ohm
RE 1.256 Ohm
RC 6.75 Ohm
CJEO 130.0E-15 F
VIJE 1.367 \%
MIE 0.1188 -
TF 2.680E-12 Sec
XTF 275.6 -
(b) VTF 66.0 -
Fig. 1. (a) Circuit for dc simulation. (b) Applied circuit for two-tone CICO 24.27E-15 F
intermodulation simulation. ViC 0.7161 \4
MIC 0.266 -
XCJC 0.3428 -
X TR 350.0E-12 Sec
ITF 419.80E-3 A
R FC 0.5 -
C
wherew; = 27 f; andw, = 27 f, are two different frequencies
Iy, andV,, is the amplitude of tones.

As shown in Fig. 2, we formulate a set of time-dependent
B (D I/a, nodal equations with the GP large-signal model [22], [23]. At

the nodes oEX andCX, time-independent algebraic equations
L are formulated. The nodal equations of equivalent circuit by

/ Ty, Kirchhoff’s current law (KCL) are as follows:
dVBX dVC dVB dVC
5 o (25225 con (52 25)
E
- +Cyer <%— %) + 1+ Ipr2
_ler n Vex — Ve
Fig. 2. GP large-signal equivalent-circuit model. o Re
=0 (2
Subsequent sections of this paper are organized as followgs <% _ %) +Crp (% _ %)
Section Il introduces the model and characterization method. dt dt dt dt
Section Il describes results of calculations; various compar- Icr Vex — Vg
isons and analyses are also presented in detail. Section IV thtlpn+ e + Rg
presents the conclusion. =0 3)
oo (VB _dVeN o (Ve _ dVo
Il. MODEL FORHBT CHARACTERIZATION PR\ "t at ) T di

dt dt

Ve =V,
+Il+IBL1+-[2+IBL2+%
B

Vin = Vin (cos(wit) + cos(wat)) (1) =0 (4)

Fig. 1 shows the HBT circuit in the dc and RF characteriza- O (dﬁ B dﬁ) . <dVB dVE>
tions, whereliy is the dc-bias voltage arld,, is the two-tone dt dt
input signal. We expresig,, in the following form:
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Nonlinear
\ZQ) Two-Port Vo
Set parameters and total number of time steps, and perform DC Network
simulation to get initial conditions at t =0 - — —
Set V,, , perform DC simulation for the initial guess, and load previous
time step results as initial conditions at present time step I ‘ | | | | | I | |
Decouple the model equations with the WR method | 0y, 0, ©, 20 20, 3“’1} 3o,
+ «; @, 20)l+(,o2
Solve each decoupled equation bythe MI method J<— 20-0, 20,0, 0,0, 20,0,
Fig. 4. lllustration of two-tone intermodulation characteristics for a nonlinear
Perform MI loop for each equation and execute convergence test for two-port network.
each loop

1e+1 le+1
1e+0 1e+0
1e-1 1e-1
Execute convergence tests for all unknowns and form global 1e-2 1e-2
iteration loop 103 163
1e-4 1e-4
1e-5 1e-5

Ic (A)
Iz (A)

1e-6 1e-6

1e-7 le-7

Get and store the solutions at present time step as the initial
condition for next time step

+ 1e-9

Set t =t + At to perform next time step calculation Te-10

1e-8 1e-8

1e-9

1e-10

1e-11 1e-11
07 . A E . . . K K . . 1.8

No

Finish the calculation
for all time steps ?

Yes 0.003
Line: Simulation
Post-process Symbol: Measurement I, =0.03 mA
Fig. 3. Flowchart of the proposed solution method. 0.002 |-
0.02 mA
o dVe dVex\ | VB—Vbx n (Vin+Vin) = VBx S
Jex dt dt Rp Rpo 0.001 |- 0.01 mA
=0 (5)
Ve —Vex | Vee —Vex
+ 0.00 mA
Rc Rces 0.000
- 0 (6) 1 1 1
Ve —Vex Vex o | 3 3 .
Rg Rer v
™
= 0. (7) CE
(b)

All the current and capacitor terms in the GP model are fung9 5 (8) Gummel plot. (bje—Vse de curves of the InGaP HBT circuit.

tions of bias conditions, with the GP model parameters of the
InGaP HBT used in this paper shown in Table I. loops to reach the convergent results. The convergence tests are
Fig. 3 presents a flowchart for the proposed WR and MI séar each Ml loop, as well as the global outer loops. After the con-
lution technique in the time domain. Referring to the flowchartergence tests for all MI loops, we check the convergence for all
we first set the necessary parameters for the circuit model. Tirgknown variables in the outer loop (the so-called global-itera-
total number of time steps to be solved and the time-step’size tion loop). Once the convergence requirements for all unknowns
are also determined. We compute the dc (steady state) results, satisfied at the same global-iteration loop, we output the
which are used for the initial conditions of the time evolutiowomputed solutions at the present time step. These solutions are
when the RF signdl;,, is inputted. At each time step, the calcuthen used for the initial conditions at the next time step. If all
lated results of the previous time step are used for the initial caf-the time steps have been solved, we use the time-domain re-
ditions at the present time-step simulation. Our computatiorgllts with the two-tone excitation input to perform the distortion
procedure includes six Ml solution loops and a global-iteraticanalysis.
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Fig. 6. Comparison o¥’our between: (a) our solver and (b) the HSPICE ()
simulator, where the input power is set to-68 dBm. Fig. 7. Plots of the output power spectrum for: (a) our results and (b) HSPICE
results.
We extract the intensity of amplitude or power at a specified IIl. RESULTS AND DISCUSSION

Iirr?]qeuggr%ya];;?rc\/r:nFaF;I\_NrOe_f::; ilfp;rll?stir;eﬁ;ﬁ?;p:pt;ﬁeddaii I; theAn In_GaP HBT device is fabricated and measured in this
. . work. Fig. 5(a) shows the Gummel plot of the InGaP HBT,
nonlinear two-port network whose output signal can be repre- ; .
sented by the power series where the lines denote our results with the new method a_md the
symbols denote HSPICE results. Both of them have consistency
9 3 in the dc condition. Fig. 5(b) is the calculatég-Vgg curves to-
Vo = a1Via(t) + a2 (Via(t))” + a3 (Via(t))" (8)  gether with the measured data of the InGaP HBT, and the result
is quite in agreement with measurement. Fig. 5 primarily con-
Fig. 4 shows the spectrums of input and output signals. Tfigms the proposed method has its accuracy in dc analysis. As
harmonics are found close to the fundamental frequencies. Tr@wn in Fig. 1(b), Fig. 6 demonstrates the time-domain result
third-order intermodulation (IM3) products play an importantf the output voltageWoyT). Over 25 periods are directly cal-
role for the intermodulation linearity of HBT devices. We noteulated in the time domain with the input two-tone excitations.
the output amplitudes of fundamental frequencies and IMhe input signal amplitude denoted g equals 0.005 V. The
products arei; V,,, and3a3V;2 /4, and the slopes of the plottedfundamental frequencie§ and f, are 1.71 and 1.89 GHz, re-
lines versusV,,, equal 1 and 3 in log scale. The value of thapectively. Fig. 6(a) and (b) presents our results and the HSPICE
output third-order intercept point (OIP3) is the projection of theesults, respectively. Contrary to the HSPICE results, which ini-
cross point of these two extrapolated lines. It is an importatially have some unstable outputs, our simulator presents its ro-
benchmark to evaluate the linearity of the devices at frequerfaystness in the large-signal time-domain analysis.
modulation. The value of OIP3 depends on the device materiaWith the time-domain results shown in Fig. 6(a) and
and the design of the device structures. In general, the higlfley, we calculate the spectrums of the output power by the
OIP3 value represents the better linearity of the two-tortd=T directly. Fig. 7(a) and (b) is the corresponding spectra
intermodulation characteristics. with Fig. 6(a) and (b), respectively. In computing Fig. 7(a),
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Fig. 8. Zoom-in plots investigation and comparisorigf; between: (a)—(c) our solver and (d)—(f) the HSPICE simulator.

our simulated data is beginning from the time 0.556 nBhe input signal applied in this testing is with, = 0.05 V,

(1 cycle'(1/f.) = 1/1.8 GHz = 0.556 ns). In Fig. 7(b), we Vg = 1.402V, andVcg = 3.6 V.

performed the FFT with the HSPICE results beginning from The IM3 products a2f, — f; and2f; — f, are denoted as
the time 8.33 ns (15 cyclégl/f.) = 15/1.8 GHz= 8.33 ns) HI-IM3 and LO-IM3, respectively. Fig. 9 is the output powers
and forward. We find the IM3 products &f; — f» and atthe fundamental frequencies and the IM3 products versus the
2f, — f1 are clearly observed in Fig. 7(a). However, as shownput power. As shown in Fig. 9(a), our calculated slopes are
in Fig. 7(b), it is difficult to identify the two IM3 products. 0.99726 and 3.00606 in that they are almost equal to the theoret-
Our methodology for large-scale time-domain analysis amchl values of 1 and 3, respectively. We note that the HI-IM3 and
two-tone intermodulation demonstrates its superiority oveO-IM3 are closed enough and, hence, HI-IM3 and LO-IM3 al-
some approaches. As shown in Fig. 8(a)—(f), to clarify thmost have the same OIP3 value at 36.9 dBm. Unfortunately, as
time-domain results calculated with HSPICE and our approaaown in Fig. 9(b), the slopes of the fundamental frequencies
we have performed more computational investigations. It @d IM3 products from the HSPICE results equal 0.99964 and
found that, as shown in Fig. 8(d)—(f), the outputs of the HSPICEQ.28781, respectively. It leads to a nonpredictable OIP3 value
simulator are erroneous results (marked) until 100 ns outputtedth the HSPICE results from time-domain analysis.
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Fig. 9. Output power atfo (blackfilled symbol) and the IM3 products our numerical experience, we would like to point out that our

(white-filled symbol) versus the input power. (a) Our result. (b) HSPICE resutPProach can compute it With anarrow tone spacing of 10 MHz.
In our practical implementation, this method provides a more

For an input power, we can also calculate the OIP3 value wigificient computing alternative and may s_ignificantly overcome
the output power spectrum. If the slopes of the fundamental f22€ Of the weaknesses of the conventional time-domain ap-

quencies and IM3 products are 1.0 and 3.0, the OIP3 valueofé)aCheS' such as the enormous computational resources. For
directly given by a typical distortion characterization test, we have successfully

reduced the simulation CPU time up to one order of magnitude.
OIP3 = P + E(Pff. _ PIMg) © In the investigation of Fig. 10 above, the setup of on-wafer
o 2\ ° ? device testing with a harmonic load—pull system has been con-

whereP- and P are the output powers of the fundamentaftructed [24], as shown in Fig. 11. The setting of load—pull sys-
frequencies and IM3 products, respectively. Fig. 10 shoAMS and a proper pre-calibration procedure enable us to mea
the OIP3 with respect to different spacingf = f; — f,) Sure the inputand output power and the intermodulation prop-
of fundamental frequency, where the central frequen&yty fromthe device itself directly. For the numerical calculation
f. = 1/2(f1 + f») of each OIP3 calculation is identical andPresented in this paper (the circuits shown in Figs. 1 and 2), we
equals 1.8 GHz. As shown in Fig. 10, there are only sligfgcus on the properties coming from the equivalent circuit of
deviations of OIP3 versua f. Variation of A f from 360 to the device. The impedance match problem is ignored and the
20 MHz produces 0.0180-dBm difference in the LO-OIP§YyStem is assumed to be an ideal circuit.

value (36.5294-36.5014). In addition, the differences betweenFig- 12(a) shows the OIP3 values versus collector current
LO-OIP3 and HI-OIP3 are 0.0719 and 0.0034782 dBm whélgnsity.J.. Our results of HI-OIP3 (dotted line) and LO-OIP3
the variations are from 360 to 20 MHz. With this obser(solid line) are a coincidence. Compared with the measured
vation, our approach enables us to efficiently calculate ti§&t@ (squares), our results indicate their accuracy for different
intermodulation distortion with a largek f. For example, for Piases. Fig. 12(b) plots thdP ADS(a well-known harmonic

Af = 20 MHz, we have to perform the computation with ovePalance based circuit solvef25]-[27]) results and measure-
180 periods for FFT transformation. On the other hand, foriagyanced Design System (ADS) Simulattewlett-Packard Company, Palo
Af = 360 MHz, there are only ten periods required. Fromilto, CA. [Online]. Available: http://eesof.tm.agilent.com/products/
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Fig. 12. OIP3 versusJ.. (a) Measurement and our simulations.
(b) Measurement and results with the harmonic balance method. [16]

ment. We find there is over a 1-dBm difference between thél”]
values of HI-OIP3 and LO-OIP. Our measurement is performed
on a 2.8x 12 um?x 104 fingers power amplifier. A multiplier [18]
M = 104 is adopted in both the HSPICE and our simulations
In our simulations wittHP ADS we find that both of the dif-
ferences for HI-OIP3 and LO-OIP3 always exist and cannot be
further improved to match the measured data well at the sané’]
time.

T19]

[21]

[V. CONCLUSIONS [22]

We have evaluated and characterized two-tone intermodulgys)
tion distortion for the InGaP HBT device operated in RFs. For
theoretical investigations of an RF HBT circuit distortion, the[24]
developed method has demonstrated its superiority over the con-
ventional one. Simulation results of the InGaP HBT have beefps]
reported to show the accuracy and stability of this method. Com-
pared with the results from the HSPICE simulator and the HRg
ADS simulator (harmonic balance approach), our results not
only had good agreement with the measured data, but also pre-
sented excellent computational efficiency in characterization 0?7]
RF HBT two-tone intermodulation distortion.

2061

REFERENCES

P. M. Asbecket al, “Heterojunction bipolar transistors for microwave
and millimeter-wave integrated circuitdPEE Trans. Electron Devices
vol. ED-34, pp. 2571-2579, Dec. 1987.

M. Yanagiharaet al, “High f.,.. AlGaAs/GaAs HBT with L-shaped
base electrode and its application to 50 GHz amplifi§nlid State Elec-
tron., vol. 41, pp. 1615-1620, 1997.

N. Panet al,, “High reliability InGaP/GaAs HBT,IEEE Trans. Electron
Devicesvol. 19, pp. 115-117, Apr. 1998.

Y. S. Lee and C. S. Park, “Structural optimization of InGaP/GaAs HBT
for power amplifier applications,” ifProc. IEEE RAWCON2001, pp.
249-252.

T. Oka et al, “High-speed small-scale InGaP/GaAs HBT technology
and its application to integrated circuit$£EE Trans. Electron Devices
vol. 48, pp. 2625-2630, Nov. 2001.

K. S. Kundertet al, Steady-State Method for Simulating Analog and
Microwave Circuit Norwell, MA: Kluwer, 1990.

B. Li and S. Prasad, “Harmonic and two-tone intermodulation distor-
tion analyses of the inverted InGa/InAlAs/InP HBTEEE Trans. Mi-
crowave Theory Techvol. 45, pp. 1135-1137, July 1997.

B. Troyanovskyet al., “Physics-based simulation of nonlinear distortion
in semiconductor devices using the harmonic balance metmfiput.
Methods Appl. Mech. Engvol. 181, pp. 467-482, 2000.

P. Wambacqg and W. Sansebistortion Analysis of Analog Integrated
Circuit. Norwell, MA: Kluwer, 1998.

S. A. Maaset al, “Intermodulation in heterojunction bipolar transis-
tors,” IEEE Trans. Microwave Theory Techol. 40, pp. 442—448, Mar.
1992.

A. Samelis and D. Pavlidis, “Mechanisms determining third order in-
termodulation distortion in AIGaAs/GaAs heterojunction bipolar tran-
sistors,”|IEEE Trans. Microwave Theory Techol. 40, pp. 2374-2380,
Dec. 1992.

J. Leeet al, “Intermodulation mechanism and linearization of Al-
GaAs/GaAs HBT's,”IEEE Trans. Microwave Theory Techvol. 45,
pp. 2065—-2072, Dec. 1997.

B. Li and S. Prasad, “Intermodulation analysis of the collector-up In-
GaAs/InAlAs/InP HBT using Volterra serieslEEE Trans. Microwave
Theory Tech.vol. 46, pp. 1321-1323, Sept. 1998.

M. lwamoto et al, “Linearity characteristics of GaAs HBT'’s and the
influence of collector design,/JEEE Trans. Microwave Theory Tech.
vol. 48, pp. 2377-2388, Dec. 2000.

G. Niu et al, “Systematic analysis of RF distortion in SiGe HBT’s,” in
IEEE RFIC Symp. Dig.2001, pp. 147-150.

Y. Wang et al, “Asymemetry in intermodulation distortion of HBT
power amplifiers,” inI[EEE GaAs IC Symp. Tech. Djg2001, pp.
201-204.

E. Lelarasmeet al, “The waveform relaxation method for time-domain
analysis of large scale integrated circuit§EE Trans. Computer-Aided
Design vol. CAD-1, pp. 131-145, July 1982.

Y. Li, “A monotone iterative method for bipolar junction transistor cir-
cuit simulation,”"WSEAS Trans. Mathvol. 1, pp. 159-164, Oct. 2002.
——, “A new parallel adaptive finite volume method for the numerical
simulation of semiconductor devicesComput. Phys. Commuyrvol.
142, pp. 285-289, Dec. 2001.

——, “A practical implementation of parallel dynamic load balancing
for adaptive computing in VLSI device simulatiorEhg. Comput.vol.

18, pp. 124-137, Aug. 2002.

——, “A monotone iterative method for semiconductor device drift dif-
fusion equations,WWSEAS Trans. Systol. 1, pp. 68-73, Jan. 2002.

L. E. Getreu,Modeling the Bipolar Transistor Amsterdam, The
Netherlands: Elsevier, 1984.

W. Liu, Handbook of Ill-V Heterojunction Bipolar Transistor New
York: Wiley, 1998.

E. Alekseev, D. Pavlidis, and C. Tsironig}"-band on-wafer load—pull
measurement system and its application to HEMT characterization,” in
IEEE MTT-S Int. Microwave Symp. Djd.998, pp. 1479-1482.

W. Ryuet al, “Over GHz low-power RF clock distribution for a multi-
processor digital system,” iRroc. IEEE Electronic Components Tech-
nology Conf,. 2001, pp. 133-140.

L. Dermentzoglowet al, “A direct conversion receiver analysis for mul-
tistandard wireless applications,” Proc. 10th IEEE Mediterranean
Electrotechnical Conf.2000, pp. 318-321.

R. Follmannet al, “A universal method for calculating and extracting
the LF and RF noise behavior of nonlinear devicesPiac. 22nd IEEE
Annu. GaAs IC Symp2000, pp. 47-51.



2062

cuits.

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 51, NO. 10, OCTOBER 2003

Kuen Yu Huang (S'99) was born in Kaohsiung, Chien-Ping Lee(M'80-SM’'94—F'00) received the B.S. degree in physics from
Taiwan, R.O.C., in 1973. He received the B.Sthe National Taiwan University, Taipei, Taiwan, R.O.C., in 1971, and the Ph.D.
degree in electrical engineering from the Nationablegree in applied physics from the California Institute of Technology, Pasadena,
Tsing-Hua University, Hsinchu, Taiwan, R.O.C.,in 1978.
in 1996, the M.S. degree in electronics engineering He was with Bell Laboratories and later with Rockwell International until
from the National Chiao Tung University (NCTU), 1987. While at Rockwell International, he was a Department Manager, where
Hsinchu, Taiwan, R.O.C., in 1998, and is currentlyhe was responsible for the development of high-speed semiconductor devices. In
working toward the Ph.D. degree in electronics1987, he became a Professor with the National Chiao Tung University, Hsinchu,
engineering at NCTU. Taiwan, R.O.C. He was also appointed Director of the Semiconductor Research
His research interests include modeling and simE€enter and, later, the first Director of the National Nano Device Laboratory. He
ulation of high-frequency devices and nonlinear cir4s currently the Director of the Nano Science and Technology Center, National
Chiao Tung University. He is well recognized in the field of semiconductor re-

Mr. Huang is a student member of the IEEE Microwave Theory and Techearch. He is an expertin compound semiconductor devices and was the pioneer
nigue Society (IEEE MTT-S), the IEEE Electron Devices Society, and the IEEE the development of opto-electronic integrated circuits (OEICs), high elec-
Solid-State Circuits Society. tron-mobility transistors (HEMTSs), and ion-implanted MESFETS. His current

interests include semiconductor nanostructures, quantum devices, spintronics,

and HBTs. He has graduated 20 Ph.D. students and over 40 Master’s degree

students.
Yiming Li (M'02) received the B.S. degrees in Dr. Lee was the founding chair of the IEEE Lasers and Electro-Optics So-
applied mathematics and electronics engineeringiety (LEOS) Taipei Chapter and has also served in the IEEE Electron Devices
M.S. degree in applied mathematics, and Ph.Dsociety (EDS) Taipei Chapter. He has organized and served on several interna-
degree in electronics from the National Chiao Tungional conferences. He was the recipient of the 1982 Engineer of the Year Award
University, Taiwan, R.O.C., in 1996, 1998, andpresented by Rockwell International, the 1993 Best Teacher Award presented by
2001, respectively. the Ministry of Education, the 2000 Outstanding Engineering Professor Award

In2001, he joined the National Nano Device Labo-presented by the Chinese Institute of Engineers, the 1993, 1995, and 1997 Out-

ratories (NDL), Taiwan, R.O.C., as an Associate Restanding Research Award presented by the National Science Council, the 2000
searcher, and the Microelectronics and Informatiomutstanding Scholar Award presented by the Foundation for the Advancement
Systems Research Center, National Chiao Tung Unbf Outstanding Scholarship, and the 2001 Academic Achievement Award pre-
versity, as an Assistant Professor, where he has beganted by the Ministry of Education.

engaged in the research and development of modeling and simulation of nan-
odevices and very large scale integration (VLSI) circuits. In Fall 2002, he was
a Visiting Assistant Professor with the Department of Electrical and Computer
Engineering, University of Massachusetts at Amherst. He is the Research Con-
sultant of the System on a Chip (SoC) Technology Center, Industrial Technology
Research Institute (ITRI), Hsinchu, Taiwan, R.O.C. He is the Director of the
Department of Nano Device Technology, NDL, and conducts the Nanodevice
Technology Computer-Aided Design (TCAD) Laboratory and the Parallel and
Scientific Computing Laboratory at the NDL and NCTU. His current research
areas include computational electronics and physics, physics of semiconductor
nanostructures, device modeling and parameter extraction, VLSI and RF cir-
cuit simulation, bioinformatics and computational biology, advanced numerical
method, parallel and scientific computation and computational intelligence, and
the development of TCAD/Electronic Computer-Aided Design (ECAD) tools
and SoC applications. He has authored or coauthored over 90 research papers
appearing in international books, journals, and conferences.

Dr. Li is a member of Phi Tau Phi, the American Physical Society, the Insti-
tute of Electronics, Information and Communication Engineers, the Society for
Industrial and Applied Mathematics, and the World Scientific and Engineering
Academy and Society. He was the recipient of the 2002 Research Fellowship
Award presented by the Pan Wen-Yuan Foundation, Taiwan, R.O.C.



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


