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The Lambda Bipolar Phototransistor- Analysis
and Applications

CHING-YUAN WU, MEMBER, IEEE, HONG-DAH SHENG, AND YAO-TSONG TSAI

Abstract — An analytic model for the I-V characteristic of the lambda
bipolar phototransistor (LBPT) is developed in which the characteristic
parameters, such as the peak voltage, peak current, differential negative
resistance, valley voltage, and valley current, are expressed in terms of the
known device parameters and photocurrent. It is shown that the valley
current of the new device in the dark is much smaller than the saturation
dark current of the conventional bipolar phototransistor and the differential
negative resistance region can be varied for wide range by controlling the
fabrication processes. Comparisons between the characteristics of the
fabricated devices and the developed model have been made and satisfac-
tory agreement has been obtained. Moreover, some interesting applications
of this new device in photodetection are also presented and discussed. In
addition, the frequency limit of the LBPT and the improvement methods
are also discussed.

I. INTRODUCTION

FPHERE ARE several kinds of semiconductor photode-

tectors, such as photoconductor, photodiodes, photo-
transistors, and charge-couple device, available in commer-
cial for optical signal detection. All of these devices are
based on the principle that one of their electrical parame-
ters, such as conductivity, voltage, current, or stored
charges, may vary with the spectral intensity of the inci-
dent light. Recently, a new photodevice—the lambda bi-
polar photo-transistor (LBPT)—has been proposed by Wu
et al. [1], which will exhibit the voltage-controlled differen-
tial negative resistance characteristic when this device is
exposed to light. The basic integrated structure of the
LBPT consists of a simultaneous integration of an n(p)-
channel enhancement mode MOSFET and a merged n-p-n
(p-n-p) bipolar phototransistor, which is identical to that of
the lambda bipolar transistor (LBT) originally proposed by
Wu et al. [2] except that no base driving current is needed
for the LBPT and design considerations are slightly differ-
ent.

In this paper, a quantitative analysis for the I-V char-
acteristic of the LBPT is presented, which is very essential
for us to understand the physical operation and photochar-
acteristics of the LBPT and, further, to design a suitable
LBPT for circuit applications. Based on the developed
analytic model, the important characteristic parameters of
the LBPT, such as the peak voltage, peak current, photoin-
duced differential negative resistance, valley voltage, and
valley current, are analytically expressed in terms of the

Manuscript received October 23, 1984; revised May 6, 1985
The authors are with the Institute of Electronics, National Chiao-Tung
University, Hsin-chu, Taiwan, Republic of China

known device parameters and photocurrent. Design con-

siderations and fabrication techniques are also discussed

by using the developed model. Moreover, comparisons

between the developed model and the experimental results

of the fabricated LBPT’s are also made and satisfactory

agreement between these comparisons has been obtained.

In order to show the applicability of this new device, some -
rather interesting applications of the LBPT are presented

and discussed.

II. THEORETICAL ANALYSIS

The basic integrated structure of an n-p-n LBPT is
shown in Fig. 1(a) where an n-channel enhancement-mode
MOSFET is fabricated in the base region of the n-p-n
bipolar transistor, the base region of the n-p-n bipolar
phototransistor serves as the substrate of the n-channel
MOSFET, and the emitter region of the bipolar transistor
serves as the source region of the n-MOSFET. Further-
more, the gate and collector, and the drain and the base are
electrically connected by metallization, respectively. The
equivalent circuit of an n-p-n LBPT device is shown in Fig.
1(b) and the I-V characteristic of an n-p-n LBPT device
under a constant illumination is shown in Fig. 2. Accord-
ing to the operating points of the separate devices, the I-V
characteristic curve can be divided into five regions as
indicated in Fig. 2. In order to simplify the analysis, the
terminal characteristics of the bipolar phototransistor can
be written as [3]

qVBE) }
I, = Igs|exp -1
E ESI: ( kBT
qVsc
—-a,Ics[exp( kBT)_l]
_1]

qV,
k?)*l}“’]m{ (2)
B

where I.¢(1,) is the reverse saturation current of the
emitter (collector) junction with the collector (emitter) elec-
trode shorted to the base electrode; a;(ay) is the inverse
(normal) current gain in the common-base configuration;
and I,, is the photocurrent across the base—collector
photodiode. Note that the second-order effects of the bi-
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Fig. 1. (a) Schematic structure for the n-p-n LBPT. (b) The equivalent
circuit.
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Fig 2 The 7/-V characteristic of the n-p-n LBPT under a constant

illumination and the operating region of each constituent device.

polar phototransistor, such as the Early effect and high
current effects, are all neglected for simplicity.

The I-V characteristic of the n-channel MOSFET can
be approximately expressed by

ID.NSZBM[(VGS“ VY/")VDS_ %VES],

for nonsaturation region (3)
IBM 2

Ips= “2“(VGS Vi),
for saturation region (4)

where 8,, = (W/L)C,u, is the gain factor of the n-channel
MOSFET; L is the channel length; W is the channel
width: C, is the gate oxide capacitance per unit area; p,, is
the electron mobility in the surface inversion layer; and V.
is the threshold voltage of the n-channel MOSFET with an
applied substrate bias Vg, which can be expressed by

QSS
C

o

Vi= s +21¢p,]—

1 5
+ F [ZstquAs(zl‘P/pl_ VDS)] 2 (5)
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where ¢,,, is the metal-semiconductor work function dif-
ference: ¢, is the potential difference between the Fermi
level and the intrinsic Fermi level in neutral substrate; K ¢
is the permittivity of the semiconductor; N, is the surface
doping concentration of the base diffusion; and Q,, is the
interface fixed-charge density of the MOS gate. Note that
the short channel effect and subthreshold leakage current
are all neglected for simplicity.

For the interconnection shown in Fig. 1(a), we have
Vp, =Vpr and Vi =V, Based on the above simplified
expressions, the 17—V characteristic of the LBPT device can
be derived as follows.

Region 1. When the emitter—collector voltage V. is
smaller or equal to the saturation voltage Vi ., of the
bipolar phototransistor, the bipolar phototransistor is in
saturation and the n-channel MOSFET is off. The I-V
characteristic may be obtained from (1) and (2) and is
written as

I 1.(1—a;)+a,l
a ¢[ ( r) I PH] +Ic(YgE+Ysc) (6)
IEs[IPH_IC(l_aN)]

Vep=V.1

where vy, and v, are the series resistances of the emitter
and collector regions, respectively; V, is the equivalent
thermal voltage, V, = kz7/q.

Region II: When Vg, <V.p <V}, the n-channel
MOSFET is still in the cutoff region, but the bipolar
phototransistor is operated in the active region. The collec-
tor current in this case can be calculated and is expressed
as

Ic=(1+IBN)(Ico+IPH) (7)

where By = ay/(1—ay); I, is the reverse saturation cur-
rent of the collector junction with the emitter open-cir-
cuited, which is equal to I, (1 — a;ay).

Similarly, the emitter—base voltage V,, can be expressed
by

14+ B )L, +1
V=V In (1+B3)( pir) v @®)
) I

Note that Vg, in (8) is a function of illumination, and in
this region 1, =1,, Vg =Vypp.

Region III: When V., exceeds V}, the n-channel
MOSFET will be operated in the saturation region because
the channel near the drain is pinched off. The upper limit
of this region is given by the onset voltage of strong
inversion near the drain, i.e., (V7 + Vzp).

The current-voltage characteristic in this region can be
solved by the following simultaneous equations:

By
ID,s:”‘z'“(VCE_VT’)2 (9)
QSS
Vi=oys +2|¢fp|_ "C‘

o

1
+ F[ZKseoqNAS(2|¢fp|_ VBE)]1/2 (10)
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(1+BN)(1¢~0+IPH‘ID,S)- (11)
Igg

I,=Q+By)Ipy+1,,)— ByIp s- (12)

It is clearly seen that using (9) and (11), V7 in (10) can
be solved for any given V-, by using the iterative method.
Then, the output current—voltage characteristic in this re-
gion can be expressed as

Vee=V,In

BB

2 (VCE_VTI")Z' (13)

Ic= (1+BN)(IPH+ Ico)—
Note that V7 is increased with increasing Vg, so I, in (13)
is decreased much slower than the square law. The dif-
ferential negative resistance in this region can be easily
obtained by (13) and is expressed as

R = N dvi
NT T BN:BM(VCE—VT)( —dVCE)

By 2 4By
+ 2 (Vo= V4
( CE T) dVCE

-1

. (14

? } (14)

In general, the electron mobility in the inversion layer is

a function of the applied gate voltage, which can be
expressed by

:u'n=K(VCE_V’I")‘r

(15)

where K and r are the empirical constants which can be
determined experimentally.

Using (15) the differential negative resistance in (14) can
be further simplified and is expressed as

avi ry |t
RN=_[:3NBM(VCE_VT/)(1“dV )(1—5)1 (16)

where
_dI/_T" _ |14 2C, 2l¢fp|_ VeE 2
dVCE I/IBM 2Ks€oqNAs

-1

. (17)

(Ico+ IPH_ ID,S)
: r
[ T—

Note that r <0 and dV}/dV.g <1, so that the differential
negative resistance always exists in the region.

Region IV: When V.p >V} + Vg, the n-channel
MOSFET is operated in the nonsaturation region. The
current-voltage characteristic in this region can be ob-
tained by solving the simultaneous equations as the method
described in Region III except that (9) is replaced by the
expression in the nonsaturation region. The drain current
in nonsaturation region can be written as

(18)

ID,Ns =,BM[(VCE_ VT’)VBE— %VB2E]
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and the collector current in this region can also be written
as

Ic= (l+BN)(Ico+ IPH)
— BuBu[(Ver=VEWae—3Vi]. (19)

Similarly, the differential negative resistance in this re-
gion can be calculated by (19). After some algebra manipu-
lations and rearrangements we can easily obtain the follow-
ing compact form:

R,=
1+IBMVt(VcE_V7/"_VBE)
_ (Ico+IPH_ID,Ns)
dvy r 1.,
BB l_dVCE [(1_r)VBE+5(VCE_V7/") 75
(20)
where
avy 2C, \[ 2yl = Vi |
AV - ViBy |\ 2K £,gNy,
—1
(Iw+IPH_IN,Ds)“‘VnBM(VCE—VT/_VBE) (21)

r _
(1*’”)VBE+ E(VCE_VT’) 1VBZE

Note that R, <0 is always valid in this region because
I.,+Ipy> 1,y and dVy/dVp <1. However, when the
condition I, + Ipy =1} y, is satisfied, R, becomes an
infinity, then the slope (dI,/dV.;) becomes zero. This
condition implies that the current across the collector
junction is completely taken out by the n-channel MOSFET
and does not pass through the emitter-base junction to
obtain the current amplification. It is quite interesting that
when the illumination is off, the reverse saturation current
across the collector junction I, is forced to pass through
the n-channel MOSFET, so the total leakage current of the
LBPT is only equal to I,, which is much smaller than that
of the conventional bipolar phototransistor by a factor
(1+ By). This remarkable feature enables the LBPT to be
operated with extremely low standby power.

Region V: When Vg >V,p,, the n-p-n bipolar tran-
sistor is in the cutoff region, and the n-channel MOSFET
is operated in the nonsaturation region, then the collector
current will be equal to the sum of the reverse saturation
current of the collector junction with the emitter opened
and the photoinduced current, i.e., I, =1, + I,y From
the moment that the n-p-n bipolar transistor is in the
cutoff region, the collector current will be equal to the
drain current [, in the nonsaturation region, i.e.,

ID=,3M[(VCE" VT,)VBE_ %VBzE]
= Ico+ IPH'

(22)
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Based on the derived condition, ie., I, + Ip5z=1, \,
we may easily define the valley voltage of the LBPT. Using
(18), (15), and (10) the valley voltage can be calculated and
is expressed by

L(Ic’o+IPH) 1 la=-n
Vepy = m 5 VaE.cutn
O,

(2}

1
+ E) [ZKSquNAs(2]¢pr— VBE,cut-m)]l/2' (23)
If the peak voltage of the LBPT (Vp) is defined as the
magnitude of the emitter—collector voltage at which the
collector current starts to decrease and the differential
negative resistance begins, then the peak voltage will be
equal to V. and can be expressed as

QSS
Verp = b, + 2|‘§bfp'— C

o

+ [2Ks€oqNAs(2|¢fp!“ VBEP)] 1/2~ (24)

The voltage range of the differential negative resistance
AV, can be written as

AV, = Veey = Veer
L ( Ico + IPH) 1
- WCOKVB 2 BE, cut-in

1/(1~r)

E,cut-in
+ (2K.\'€0 ]V/ls)l/2
C

_(2l¢fp|_ VBEP)l/Z]' (25)

From (25) it is clearly seen that the voltage range of the
differential negative resistance region AV, may be varied
with the device parameters and the photoinduced current.

It should be noted that the condition I,=1_+ I,
may also be satisfied in Region III. In this situation,
Region IV does not exist; then the valley voltage can be
calculated by using (9) and is expressed by

2L(Ic0 + IPH) L/@=n
cEV WC, K

[(2|¢fp| - VBE.cut-m)l/z

0.,
+ Oags + 2]y, | - el

0

1
+ C [2K560qNAs (21¢pr_ VBE,cut—m)] 1/2- (26)

III. EXPERIMENTAL RESULTS AND THEORETICAL

COMPARISONS

In order to fabricate the LBPT’s as described in the
previous section, a set of testing patterns was designed and
the metallization pattern of the designed mask is shown in
Fig. 3. The layout parameters of the testing patterns are
listed in Table I where the aspect ratio (W/L) of the
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Fig. 3. The photograph of the design patterns (metallization mask).
TABLE1
(GEOMETRIC PARAMETERS OF THE DESIGNED MASK
TBBT
Parameters Ql QZ QB Q4 QS

- 7F
Bffective base area(mn™) 4 ¢y81 g.33| 0.154| 1.033| 0.33

Aspect ratio of the MOSFET

19.71 19.7 28.2 26 26
(W/L)

* Effective base area = (base area)-(source area)-{drain area)

-({metallization area)

TABLE II
PROCESS STEPS OF THE LBPT

. Strictly clean the silicon wafer surface (n or n/n*)

. Thermally grow a layer of 510; about 8000A°

. Use the lst mask to define the base diffusion region

. Boron predeposition (950°C), Boron drive-in (1200A°) and oxide growth

. Use the 2nd mask to define the emitter and collector windows of the
npn thrasistor and the drain window of the n-channel MOSFET

. Phosphorus deposition (1000°C), phosphorus drive-in (1050°C) and oxide
growth

. Use the 3;d mask to define the gate oxide region

. Thermally grow the gate oxide

. Use the 4th mask to define the contact windows

. Al-metallization

. Use the 5th mask to define the metallization patterns

. Sintering

circular MOSFET’s in the center of the pattern is calcu-
lated by using the expression 27/In(r,/r,) and r(#,) is
the outer (inner) radius of the channel.

Note that two smaller patterns in the upper left corner
are two MOSFET’s which are used to measure the threshold
voltage and other characteristic parameters. The masking
steps are similar to those of the double-diffused n-p-n
transistor except that an additional mask is designed to
remove the gate oxide of the n-channel MOSFET. The
fabrication sequences of the LBPT’s are the same as those
of the LBT’s [2], [4] and are listed in Table II. A typical
surface morphology of the fabricated LBPT(Q5) is shown
in Fig. 4, where the electrodes are also marked for clarity.

The I-V characteristic of the fabricated device (Q5) is
shown in Fig. 5, where three different kinds of illumination
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TABLE III

PARAMETERS USED FOR SIMULATIONS (Q5)

Paremeter . W
NAs (cm-3) st/q cbfp(volt:) IEsfamp) Bmo= (f) COK Co , r rsc+rSE
LBPT (amp/volt®) (forad/cm®) (ohms)
- - -8
05 3.5 x 1087| 3.0 x 0% 0.44 [ 3.86 x 2078 3.0 x 1207 3.4 x 10 .72 60
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intensity are used. Comparisons between the developed
model and the experimental 7-V characteristic are also
plotted in Fig. 5 and the parameters used for simulations
are listed in Table III. It is shown that excellent agreement
has been obtained. Similarly, the differential negative resis-
tance as a function of applied terminal voltage (V) for
three different illumination intensities is shown in Fig. 6,
where the parameters used for simulations are the same as
those listed in Table III. Again, good agreement between
comparisons has been obtained. Therefore, the developed
model is shown to accurately describe the operation of the
fabricated lambda bipolar phototransistor. The spectral
response of the fabricated device (Q5) is shown in Fig. 7,
where the peak response is located at A = 5000 A. It has
been shown that the peak location of spectral response will
shift to longer wavelength as the base junction depth
becomes deeper. This consequence is the same as that of
conventional bipolar phototransistor because longer wave-
length will penetrate more deeply in the silicon materials.
Note that there are five different patterns shown in Table
I; however, their differential negative resistance character-
istics are similar except the characteristic parameters de-
fined in Section II are slightly different due to different
device dimensions.

IV. APPLICATIONS

The LBPT described in the previous sections not only
possesses all the properties of the conventional bipolar
phototransistor, but also offers extra characteristics, which
can be used in switching, oscillator, modulator, and mem-
ory applications.

The LBPT can be used to detect the ON—OFF of an
optical signal. Due to the bistable characteristic which
existed in the negative resistance region, the LBPT is
inherently superior to the conventional phototransistor in
driving digital circuit. For example, if the LBPT is biased
as shown in Fig. 8(b), two clear states can be easily
observed during the gradual change of light intensity.
However, for the conventional bipolar phototransistor as
shown in Fig. 8(a), a Schmitt triggering circuit must be
inserted in order to obtain a clear state. Hence, the LBPT
possesses good noise immunity for digital circuit applica-
tions. Furthermore, the valley current of the LBPT in the
dark is equal to I ,, while the dark current of the conven-
tional phototransistor is equal to (1+ §8)7,,. Therefore, the
LBPT will consume much less standby power. These merits
enable the LPBT to be used in various digital switching
applications, such as perforated-tape readers and
punched-card readers as shown in Fig. 9, where an 8-bit
digital perforated-tape reader using the LBPT devices is
shown. Note that this circuit consumes the standby power
of 81 V.., however, the circuit using conventional photo-
transistors consumes 8(1+ 8)I V...

Similarly, the regenerative process of the LBPT due to
the negative resistance region will facilitate the LBPT to be
used as a very sensitive light detector. For example, if the
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Fig. 8. Operating characteristic and transfer curve of (a) conventional
bipolar phototransistor and (b) the n-p-n LBPT.
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Fig. 9. (a) The circuit diagram of an 8-bit digital perforated-tape reader
using the LBPT’s. (b) The operating points and characteristics of con-
ventional bipolar phototransistor as a hght switch (c) The operating
points and chaiacteristics of the LBPT as a light switch.

LBPT is biased with a base current such that the operating
point is slightly beyond the valley point, a small dis-
turbance of ambient illumination can be easily detected.
The LBPT may also be biased at the astable point as
shown in Fig. 10 where the output of the LBPT is con-
nected in series with a LC tank circuit. The output of this
circuit will be a well-defined sinusoidal waveform with the
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Ic

Fig. 10. The n-p-n LBPT used as a photoinduced sinusoidal oscillator.
(a) Load line and operating point. (b) The circuit dlagram (¢) The
output waveform.

(®

Fig. 11. The n-p-n LBPT used as a photoinduced modulator. (a) Circuit

diagram and coded light source. (b) The output waveform.

frequency of 1/2x/LC . Hence, the LBPT may serve as a
light sensor and gives a sinusoidal oscillation signal, which
can drive a counter to count the duration of the incident
light. Similarly, the LBPT can also be used as light signal

modulator as shown in Fig. 11, where a coded light signal,

modulates the amplitude of sinusoidal signal generated by
the LBPT and the LC tank circuit.

The LBPT may also be used in the four-quadrant photo-
position detector as shown in Fig. 12(a). If the detector
is biased as shown in Fig. 12(b), larger output current
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(b)
Fig. 12. A four quadrant photoposition detector. (a) The layout struc-
ture and the cross-sectional view. (b) The circuit diagram.
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Fig. 13. The frequéncy response of output admittance. Curvé A4 repre-
sents the imaginary part of output admittance. Curve B represents the
real part of output admittance.

[(A+B8)XIp;+1.,)] and low dark current (I,,) can be
obtained. The detected sighal and the transformation of
position vector to voltage vector are the same as. those of
conventional four-quadrant photopositive detector [5]. The
performance of this application will be presented elsewhere.
The analysis for the frequency response is valuable be-
cause the dynamic characteristics the LBPT are closely
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related to the applications of this device in oscillators and
switching circuits. Using the SPICE [6] circuit simulator,
the ac analysis of the LBPT has been carried out. It has
been shown that the differential riegative resistance will
disappear at a certain frequency which is defined as the
" frequency limit of the LBPT. This feature can be easily
seen from the output admittance of the LBPT(Q5) shown
in Fig. 13, in which curve 4 shows the imaginary part of
the output admittance and curve B shows the real part of
output admittance. From Fig. 13, the frequency limit f,
(70 MHz) as marked in the figure indicates that f < f,, the
differential negative resistance exists, and both the output
capacitance and the differential negative resistance are
kept constant for f <10 MHz. This frequency limit can be
increased by increasing the transconductance of the
MOSFET and reducing the collector capacitance of the
bipolar transistor and the gate—drain overlap capacitance
of the MOSFET. Therefore, the frequency limit f,. can be
improved by using self-alignment Si-gate technology to
reduce the gate and drain overlap capacitance and the
channel length. Similarly, the collector capacitance can be
reduced by using the lightly doped epilayer on n* substrate
as the substrate wafer.

V. CoNcLUSsION

The LBPT, a new light-sensitive voltage-controlled dif-
ferential negative device, has been theoretically and experi-
mentally studied. It has been shown that the important
characteristic parameters of the LBPT can be varied by
controlling the fabrication process and the device geome-
tries. Good agreement between the experimental devices
and the developed simple model has been obtained. Some
interesting applications of the LBPT have been briefly
discussed and demonstrated, which show that the LBPT
devices exhibit superior characteristics in optical detection
when compared to those using conventional bipolar photo-
transistor. Moreover, the frequency limit of the LBPT has
been simulated by using SPICE circuit simulator and the
methods of improving the frequency limit are also dis-
cussed.

REFERENCES

C.-Y. Wu, C-Y. Wy, and H.-D. Sheng, “A new photo-sensitive
voltage-controlled differential negative resistance device—The
lambda bipolar photo-transistor,” TEEE FElectron Device Lett., vol.
EDL-1, pp. 81-82, May 1980.

C.-Y. Wu and C.-Y. Wu, “An analysis and the fabrication technol-
ogy of the LAMBDA bipolar transistor,” IEEE Trans. Electron
Devices, vol. ED-27, pp. 414-419, Feb. 1980.

J. J. Ebers and J. L. Moll, “Large signal behavior of junction
transistor,” Proc. IRE, vol. 42, no. 12, p. 1761, 1954.

C.-Y. Wu, “A new internal overvoltage protection structure for the
bipolar power transistor,” TEEE J. Solid-State Circuits, vol. SC-18,
pp. 773-777, Dec. 1983.

G. J. Deboo and C. N. Burrous, Integrated Circuits and Semiconduc-
tor Device: Theory and Application. New York: McGraw-Hill, 1977,
ch. 7.

A. Viadimirescu, A. R. Newton, and D, Q. Pederson, SPICE 2G.1
User’s Guide. Berkeley, CA: Univ. of Calif., Oct. 1980.

(1]

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. SC-20, NO. 6, DECEMBER 1985

o Ching-Yuan Wu ($'69-M’72) was born in Taiwan,
Republic of China, on March 18, 1946. He re-
ceived the B.S. degree from the Department of
Electrical Engineering, National Taiwan Univer-
sity, Taiwan, Republic of China, in 1968, and the
M.S. and Ph.D. degrees from the State Univer-
sity of New York (SUNY) at Stony Brook, in
1970 and 1972, respectively.

During the 1968-1969 academic year, he served
in the Chinese Air Forces as a Second Lieuten-
ant, During the 1972-1973 academic year, he
was appointed as a Lecturer at the Dgpartment of Electrical Sciences,
SUNY, Stony Brook. During the 1973-1975 academic vears, he was a
Visiting Associate Professor at National Chiao-Tung University (NCTU),
Taiwan, Republic of China. In 1976, he became a Full Professor in the
Department of Electronics and the Institute of Electronics, NCTU, Dur-
ing 1974-1980, he had been the Director of Engineering Laboratories and
Semiconductor Research Center, NCTU. He was a principal investigator
of the National Electronics Mass Plan— Semiconductor Devices and
Integrated-Circuit Technologies, during 1976-1979. He had been the
Director of the Institute of Electronics, NCTU, during 1978-1984. Since
1984, he has been the Dean, College of Engineering, NCTU. He has also
been the Research -Consultant of the Electronics Research and Service
Organization (ERSO), ITRI, and the Academic Advisory Member of the
Ministry of Education, Republic of China, He has been the Coordinator
of Microelectronics Research and Development Committee, National
Science Council (NSC), Republic of China. His research activities have
been in semiconductor device physics and modelings, integrated-circuit
designs, and technologies. His present research interest focus on small
geometry devices in VLSI, CMOS latch-up, new devices, and technolo-
gies. He has published over 100 papers in the semiconductor field.

Dr. Wu is a member of Phi Tau Phi and an Editorial Member of the
Chinese Engineering Journal. He received the Acadeniic Research Award
in Engineering from the Ministry of Education (MOE), Republic of
China, in 1979. ‘

Hong-Dah Sheng was born in Tainan, Taiwan,
Republic of China. He received the B.S. degree in
electrical engineering from the National Taiwan
University, Taiwan, Republic of China, in 1975,
and the M.S. degree in electronics engineering
from National Chiao-Tung University, Taiwan,
Republic of China, in 1979,

He joined the Telecommunication Laborato-
ries, Chung-Li, Republic of China, in 1979, where
he has been engaged in the development of mi-
croprocessor-based packet switching system and
other related data communication product.

Yao-Tsong Tsai was born in Kaoshiung, Taiwan,
Republic of China, on August 5, 1957. He re-
ceived the B.S. degree in electrical engineering
from the National Taiwan Institute of Technol-
ogy, Taipei, Taiwan, Republic of China, in 1982,
and the M.S. degree in electronics engineering
from National Chiao Tung University, Hsinchu,
Taiwan, Republic of China, in 1984.

Since 1984 he has been a Lecturer in the
Electronics Engineering Department and the Di-
rector of Computer Center, Eastern College of
Arts and Science, Taiwan, Republic of China. His current research
focuses on CAD for VLSI.




