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Abstract-In order to improve the performance of the a(amorphous)- 
Si: H/SiC : H superlattice APD (SAPD), the a-Si : H/SiC : H superlat- 
tice reach-through APD’s (SRAPD’s) have been fabricated on 
ITO(indium tin oxide)/glass substrates by plasma-enhanced chemical 
vapor deposition (PECVD). For a typical electron-injection SRAPD, 
the ratio of room-temperature electron and hole impact ionization rates 
(a /p)  is 10.2 at an electric field 3.33 x lo6 V/cm as determined by 
the photocurrent multiplication measurement and checked by the ex- 
cess noise factor test, the optical gain is 506 at an applied reverse-bias 
V R  = 18 V and an incident power P, ,  = 5 p W  emitted from a He-Ne 
laser, the rise time is 1 ps at a load resistance R,. = 1 kR, and the excess 
noise factor is 6.53 at a multiplication M = 48. These results are better 
than those of the other amorphous photodetectors ever reported. Some 
performances of homojunction a-Si : H reach-through APD’s (RAPD’s) 
is also described for the purpose of comparison. 

I. INTRODUCTION 
ECENTLY, many 111-V compound superlattice and Rm ultilayer APD’s with different structures have been 

studied theoretically and experimentally [ 11-[6], and some 
characteristics of the first a-Si : H/SiC : H superlattice 
APD (SAPD) with step-like multilayer barriers made of 
noncrystalline material have also been reported [7]. In 
these devices, the energy-band barriers formed by wide- 
gap material are used to spatially confine the carrier ion- 
izations within the narrow-bandgap material which forms 
the wells. If the applied reverse-bias voltage across the 
well is sufficiently greater than the barrier potential to let 
the carriers in the well have enough average kinetic en- 
ergy to surmount the barrier, the carriers can traverse the 
wide-gap material and gain a kinetic energy equal to the 
bandgap discontinuity after crossing the next downward 
barrier. The net effect is that the impact ionization thresh- 
old energy of the narrow-bandgap material is reduced by 
an amount equal to the barrier energy, and the effective 
impact ionization rate is enhanced since it increases ex- 
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ponentially with the decreased ionization threshold en- 

The signal-to-noise power ratio of an APD or RAPD 
can be improved when the excess noise due to the ava- 
lanche process is minimized by the very dissimilar im- 
pact-ionization rates for electrons and holes, and initiat- 
ing the avalanche process with the carrier species having 
higher impact-ionization rate [9]-[ 1 11. For an a-Si : H ( E R  - 1.8 eV)/SiC:H ( E ,  - 2.25 eV),  the conduction 
band-edge offset ( AE,. - 0.35 eV ) is substantially larger 
than the valence band-edge offset (AE, ,  - 0.1 eV) [ 121 
so it is expected and proven that the electron ionization 
rate a is larger than the hole ionization rate p and the 
device structure can be tailored to provide the nearly pure 
electron injection [7]. 

To improve the performance of the a-Si : H/SiC : H 
SAPD, the reach-through structure previously described 
by Ruegg [ 131 is adopted and modified with its high-field 
avalanche region replaced by an a-Si : H/SiC : H super- 
lattice multilayer. This proposed a-Si : H/SiC : H super- 
lattice reach-through APD (SRAPD) has several desirable 
features. The tradeoff between the quantum efficiency and 
the speed of response can be accurately controlled by 
changing the thickness of the low-field intrinsic absorp- 
tion and drift region. The wide low-field region in the 
RAPD structure also provides a much more gradual 
change in the avalanche gain with applied bias voltage. 
The avalanche gain can be adjusted independently, since 
the avalanche multiplication predominantly occurs in the 
narrow high-field region. So, the proposed a- 
Si : H/SiC : H SRAPD is expected to have high optical 
gain, high response speed, and a good signal-to-noise ra- 
tio [14]. 

ergy P I .  

11. DEVICE STRUCTURE A N D  FABRICATION 
Fig. 1 shows the schematic cross section of an electron- 

injection a-Si : H/SiC : H SRAPD. An ITO-coated Corn- 
ipg 7059 glass plate was used a: the substrate. The 200- 
A p+;type a-Si : H layer, 4000-A undoped a-Si : H layer, 
100-A lightly doped p-type a-Si:H layer: the intrinsic 
superlattice structures of 3:6 periods (80-A a-Sic : H as 
the barrier layer and 100-A a-Si : H as the well layer), 
and then a heavily doped n+-type a-Si : H layer were de- 
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Fig. 1 .  The schematic cross section of the electron-injection a- 

Si : H/SiC : H superlattice reach-through APD (SRAPD). 

posited by using a PECVD system. Finally, a 5000-w A1 
layer was deposited onto the n+-type a-Si: H layer by 
thermal evaporation and used as the contact electrode. The 
deposition dates of a-Si : H and a-Sic : H layers were 1.67 
and 0.67 A / s ,  respectively. The device area is 1.42 x 

cm2. The substrate temperature and gas pressure 
were 250°C and 1.0 torr individually. In order to avoid 
carbon contamination in the a-Si : H layer, the glow dis- 
charge was turned off at the end of each a-Sic : H layer 
deposition, the reactive gases in the chamber were com- 
pletely pumped out, and the reaction chamber was purged 
by hydrogen gas for 5 min prior to the deposition of the 
next a-Si : H layer. 

For the purpose of performance comparison, a homo- 
junction electron-injection a-Si : H RAPD with similar de- 
vice dimensions illustrated in Fig. 2 was also fabricated 
by using the same process conditions. The hole-injection 
a-Si : H/SiC : H SRAPD and a-Si : H RAPD with comple- 
mentary structures were fabricated too to obtain the hole 
multiplication factors. 

All of the !hove RAPD's were designed in such a way 
that the 100- A lightly doped p-type a-Si : H layer was thin 
enough to let the electric field extend all the way from the 
high-field avalanche region to low-field intrinsic absorp- 
tion region at any operating voltage, i.e.,  at a voltage 
greater than or equal to the reach-through bias voltage VRT 
which is below the breakdown voltage of the high-field 
region. The applied voltage in excess of the VRT was 
droppec across the low-field region with a thickness of 
4000 A which is optimal for device performance. The 
absence of depletion effects in the above RAPD and 
SRAPD operations was confirmed by the nearly constant 
capacitance values obtained by the capacitance-voltage 
measurements. It was also expected that the carriers could 
travel at their saturation velocity in the low-field region 
to obtain a high response speed. 

The energy-band diagram of the electron-injection a- 
Si : H/SiC : H SRAPD under reverse-bias condition is 
shown in Fig. 3. The fully depleted structure allows the 
device to be used with incident light entering the p+ con- 
tact. The electrons generated in the low-field absorption 
region are swept to the high-field avalanche region, the 
generated holes traverse the low-field absorption region 
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Fig. 2. The schematic cross section of the electron-injection homojunction 
a-Si : H reach-through APD (RAPD). 

Fig. 3.  The energy-band diagram of the electron-injection a 
SRAPD. 

-Si:H/SiC : H  

to the p+ contact, and thus constitute the total multiplied 
current. 

111. IMPACT IONIZATION RATES A N D  EXCESS NOISE 
FACTORS 

Fig. 4 illustrates the electron multiplication factors M's 
versus the applied reverse-bias V,  for electron-injection 
a-Si : H/SiC : H SRAPD with three periods of superlattice 
and a-Si : H RAPD. The M was calculated by linearly ex- 
trapolating the low-bias data of primary (unmultiplied) 
photocurrent to the high-bias values and taking the ratio 
of the difference of the multiplied photocurrent and dark 
current which is usually negligible to the linearly extrap- 
olated primary photocurrent at certain reverse-bias volt- 
age [ 151. The photocurrento measurements were per- 
formed by using a 6328-A He-Ne laser that was 
attenuated and focused on the center of the device with 
incident power P,, = 5 p W. The photocurrent was syn- 
chronously detected by using a lock-in amplifier. It can 
be seen from the figure that the electron multiplication 
factors increase relatively slowly with increasing reverse 
bias above certain voltages. These voltages could be the 
VRT's of the devices. The electron multiplication factor of 
the a-Si : H/SiC : H SRAPD is generally higher than that 
of the a-Si:H RAPD. Similarly, the hole multiplication 
factors were obtained from the complementary devices. 

Since the avalanche process predominantly occurs in the 
high-field region, the impact ionization rates a and 0 for 
a-Si: H RAPD is estimated from the electron and hole 
multiplication factors using the well-known formulas for 
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Fig. 4 .  The multiplication factors versus applied reverse-bias voltage for 
electron-injection a-Si : H/SiC : H SRAPD and a-Si : H RAPD. The av- 
erage multiplication ( M )  and electron impact ionization probability per 
dynode P for a-Si : H/SiC : H SRAPD are shown also. 

p-i-n diodes [16]. In a-Si : H/SiC : H SRAPD, the ava- 
lanche region can be assumed to be only in a-Si : H well 
layers, because the ionization threshold energies which 
are roughly proportional to the bandgap are much higher 
in a-Sic : H barriers than in a-Si : H wells. Then, the av- 
erage a and P [3], [17] can be obtainable by these for- 
mulas as well. The obtained impact-ionization rates are 
plotted in Fig. 5 as a function of electric field E - V,/ W ,  
where W is the width of the high-field region, for a- 
Si : H/SiC : H SRAPD and a-Si : H RAPD. The electron 
ionization rate a is larger than the hole ionization rate ,t? 
over the entire field range. The data for a-Si : H/SiC : H 
SRAPD can be expressed approximately by the empirical 
expressions 

a ( E )  = 1.14 x lo6 exp ( -2 .05  x 106/E) cm-' 

@ ( E )  = 1.66 X lo5 exp (-3.95 x 1 0 6 / E )  cm-' 

where electric field E is in volts per centimeter. The im- 
pact ionization rate ratio ( K  = a/P ) is 10.02 at an elec- 
tric field of 3.33 X lo6 V/cm for a-Si:H/SiC:H 
SRAPD, and that for a-Si : H RAPD is 6.95 at the same 
electric field. 

To verify the obtained ratio K = a/P,  the excess noise 
factor [9] was calculated for electron-injection a- 
Si : H/SiC : H SRAPD from the noise spectral density 
measurements under dark and illuminated (Pi, = 5 p W ) 
conditions. In noise measurement, the revFrse-biased de- 
vice was illuminated by a chopped 6328-A He-Ne laser 
and the photocurrent was determined by a lock-in ampli- 
fier. The component of the signal which varied synchron- 
ously with the photocurrent was measured by using an- 
other lock-in amplifier and displayed on a dynamic signal 
analyzer. In this way, the locked-in output, which was 
proportional to the photocurrent noise power, could be 
averaged over a long time interval. Since the shot noise 
is the dominant one, using the common expressions of 
noise spectral densities under dark and illuminated con- 
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Fig. 5 .  The calculated impact ionization rates for electron and hole as a 
function of decreasing electric field in the a-Si : H/SiC : H SRAPD and 
a-Si : H RAPD structures. 

ditions for an APD, and employing the known primary 
photocurrent and multiplication factor, the excess noise 
factor can be determined. The data of noise spectral den- 
sities were taken at a frequency of 40 kHz, which avoided 
the increase of noise in lower frequency range. For elec- 
tron injection alone, in terms of McIntyre's theory [9], 
the excess noise factor F can be written as 

F = K'M + ( 2  - 1/M) ( 1 -  K') 

where K' = 1 / K ,  hence one can find the impact ioniza- 
tion rate ratio K from the calculated F and the known M .  
The obtained K is 1 1.29 which is approximately the same 
as the one (10.02) obtained from the photocurrent multi- 
plication method. 

The excess noise factors calculated by using the above 
equation as a function of the multiplication factor at a fixed 
K = 10.02 and 6.95, respectively, for a-Si : H/SiC : H 
SRAPD and a-Si : H RAPD are shown in Fig. 6. The data 
for the typical crystalline Si (c-Si) RAPD are also in- 
cluded for comparison [8]. The excess noise factor is 6.53 
for a-Si: €I/SiC : H SRAPD at M = 48, and 6.47 for a- 
Si : H RAPD at M = 33.5. The F value is also affected by 
the width of high-field avalanche region at a fixed oper- 
ating bias. Experimentally, we found that the K value in- 
creased and F value decreased with the increasing width 
of the high-field avalanche region. 

Explicit formulas for the excess noise factor F, and av- 
erage multiplication ( M ) in double-carrier SAPD with 
electron injection, assuming the electron impact ioniza- 
tion probability per dynode is less than one, were pre- 
sented by Teich er al. [19, eqs. (25) and (27)]. The elec- 
tron impact ionization probability per dynode 



HONG cl ol OPTICAL AND NOISb CHAKAC TkRIS1 ICs OF SI/SIC AVALANCHE PHOTODIODbS 

60 
LL 

- 
EL EC T RON 

- INJECTION 

- 
- 

1 10 100 
MULTIPLICATION M 

Fig. 6. The calculated excess noise factors as a function of multiplication 
factor for electron-injection a-Si : H/SiC : H SRAPD, a-Si : H RAPD. and 
c-Si RAPD. The estimated F, for a-Si: H/SiC: H SRAPD is shown as 
well. 

where L is the length of each dynode. Using the average 
a and p shown in Fig. 5 for a-Si : H/SiC : H SRAPD, the 
Fe and ( M ) estimated by employing those two equations 
are shown in Figs. 4 and 6, respectively. For the dash 
portions of curves in the figures, the calculated electron 
impact ionization probability per dynode P is greater than 
one as shown in Fig. 4. The estimated ( M )  for a- 
Si : H/SiC : H SRAPD is slightly larger than M in the low 
bias range ( P  < l ) ,  where [19, (27)] is applicable. The 
difference between F and F, for the a-Si : H/SiC : H 
SRAPD is about 0.6-2.8. These discrepancies could be 
due to the fact that a-Si : H/SiC : H SRAPD has a high 
electron impact ionization probability (here P is larger 
than 1, thus [19, (27)] becomes invalid) which can lead 
to improved multiplication and increased excess noise 
factor [20]. Theory of McIntyre is applied by considering 
the continuous multiplication region and was shown as F 
in Fig. 6. 

IV . OPTICAL CHARACTERISTICS 
Generally, the dc optical gain G for above devices can 

be defined as 

where 1pH is the photocurrent under illumination, 1, the 
dark current, PI, the incident light power, hv the energy 
of the incident radiation, and q the electron charge. Fig. 
7 shows the dependence of optical gain G on the incident 
power for three device structures, i.e., a-Si : H/SiC : H 
SRAPD with three periods of superlattice, a-Si : H RAPD, 
and a-Si : H/SiC : H SAPD [7]. Without antireflection 
coating, the a-Si : H/SiC : H SRAPD exhibited an optical 
gain of 506 when VR = 18 V,  IPH = 1.293 mA, 1, = 9.21 
pA, and PI,  = 5 pW, and that for a-Si : H RAPD is 380 
when VR = 14.5 V, I p H  = 0.97 mA, 1, = 10.7 pA, and 
PI, = 5 pW also. The G value increases with decreasing 
incident power, which is a unique feature of majority-car- 
rier photodetectors. Similar behavior has also been ob- 
served in previously reported photodetectors 12 11-12.51. 
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Fig. 7. The optical gain G versus incident He-Ne laser power P , ,  for a- 
Si : H/SiC : H SRAPD. a-Si : H RAPD. and a-Si : H/SiC : H SAPD. 

The optical gain G of the a-Si : H/SiC : H SRAPD is the 
highest one among those reported. The optical gain of a- 
Si : H RAPD is also higher than that of a-Si : H/SiC : H 
SAPD [7]. It was also found experimentally that the op- 
tical gain increased with the reverse bias due to the higher 
impact ionization rates of the photogenerated carriers. The 
optical gain and breakdown voltage of the a-Si : H/SiC : H 
SRAPD also increased with :he well thickness when it 
was varied from 80 to 120 A .  But the optical gain de- 
creased if the number of superlattice periods is increased 
from 3 to 6. Increasing the well thickness will increase 
the electron energy by increasing its drift length. This can 
increase the impact ionization probability, which in turn 
increases the optical gain. But, when the well thickness 
or number of period is increased over a certain limit, the 
resulting reduction of high electric field in the undoped 
superlattice region reduces the obtainable optical gain. 

The photo-response speed was measured by illuminat- 
ing the device with the light pulse emitted from a com- 
mercial red LED (with a response time of 90 ns) and mon- 
itoring the waveform of the photocurrent. The device was 
in series with a variable load resistor RL. The switching 
time t,, defined as (ron + r o t f ) / 2 ,  generally is related to 
the product of the junction capacitance and the load resis- 
tance RL,  and is also increased by the stray capacitance 
and series (contact and internal) resistance of the device. 
The measured rise times (Ton’s) for both the electron-in- 
jection a-Si : H/SiC : H SRAPD and a-Si : H RAPD were 
about 1 ps at RL = 1 kQ. 

V.  CONCLUSION 
The performance of the electron-injection a- 

Si : H/SiC : H reach-through APD (SRAPD) has been 
characterized by using the photocurrent multiplication 
measurements and by the excess noise factor measure- 
ments. The empirical expressions for electron and hole 
ionization rates are obtained. The excess noise factor of 
the device is a little higher than that obtained from the 
formula presented by Teich er al. [19]. This discrepancy 
could be due to high electron impact ionization probabil- 
ity in well layers of this device. From the results of this 
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study, it is seen that the a-Si:H/SiC: H SRAPD is a 
promising device for photodetector application. 

REFERENCES 
R. Chin, N .  Holonyak, G. E. Stillman, J. Y. Tang, and K. Hess. 
“Impact ionization in multilayered heterojunction structures, ‘’ Elrc- 
tron. Lerr., vol. 16, pp, 467-469, 1980. 
F. Capasso, W. T. Tsang, and G. F. Williams. “Staircase solid-state 
photomultipliers and avalanche photodiodes with enhanced ionization 
rate ratio,” lEEE Trans. Electron Devices, vol. ED-30, pp. 381-390. 
1983. 
F. Capasso, W. T. Tsang, A. L. Hutchinson, and G. F. Williams, 
“Enhancement of electron impact ionization in superlattice: A new 
avalanche photodiode with large ionization rate ratio,” Appl .  Phxs. 
Lerr.. vol. 40, pp. 38-40, 1982. 
K. Brennan, “Theory of the doped quantum well superlattice APD: 
A new solid-state photomultiplier,” / €€E  J .  Quanrum Electron.. vol. 

H. Blauvelt, S .  Margalit, and A. Yariv, “Single-carrier-type domi- 
nated impact ionization in  multilayered structures,” Elecrron. Lerr.. 
vol. 18, pp. 375-376, 1982. 
K. Brennan, “Theory of the GaInAs/AIInAs doped quantum well 
APD: A new low noise solid state photodetector for lightwave com- 
munication systems,” IEEE Trans. Elecrrori Devices, vol. ED-33. 

S. C.  Jwo, M. T. Wu, Y. K. Fang. Y. W. Chen, J. W. Hong, and 
C.  Y. Chang, “Amorphous siliconisilicon carbide superlattice ava- 
lanche photodiodes,” fEEE Trans. Electron Devices, vol. 3 5 ,  pp, 
1279- 1283, 1988. 
K.  Brennan. “Theory of electron and hole impact ionization in quan- 
tum well and staircase avalanche photodiode,” IEEE Trans. Electron 
Devices. vol. ED-32, pp. 2197-2205. 1985. 
U .  J .  McIntyre, “Multiplication noise in uniform avalanche diodes,” 
lEEE Trans. Electrori Devices, vol. ED-13, pp. 164-168, 1966. 
K.  Matsuo, M. Teich, and B. E. A. Saleh, “Noise and time response 
of the staircase avalanche photodiode, ” / € € E  Trans. Electron De- 
vices, vol. ED-32. pp. 2615-2623. 1985. 
K. Brennan, T. Wang, and K. Hess, “Theory of electron impact ion- 
ization including a potential step: Application to GaAs-AIGaAs,“ 
IEEE Electron Device Lett..  vol. EDL-6, pp. 199-201, 1985. 
Y .  Okayasu, K.  Fukui, and M .  Matsumura, “Observation of valence- 
band discontinuity of hydrogenerated-amorphous siliconihydrogener- 
ated amorphous silicon carbide heterojunction by photocurrent-volt- 
age measurements,” Appl. Phys. Lett . ,  vol. S O ,  pp. 248-249, 1987. 
H. W. Ruegg. “An optimized avalanche photodiode,” lEEE Trans. 
Electron Devices, vol. ED-14, pp. 239-250, 1967. 
S. M. Sze. Physics of S~niiconductor Devices, 2nd ed. New York, 
NY: Wiley, 1981, ch. 13. 
M. H. Woods, W. C. Johnson, and M. A. Lampert, “Use of a 
Schottky barrier to measure impact ionization coefficients in semicon- 
ductor,” Solid State Elecrron.. vol. 16. pp. 381-406. 1973. 
G. E. Stillman and C.  M .  Wolfe. “Avalanche photodiodes.“ in Semi- 
conducrors and Semimetals, vol. 12, R. K.  Willardson and A. C.  
Beer, Eds. 
F. Osaka, T. Mikawa, and 0. Wada, “Electron and hole impact ion- 
ization rates in InP/Ga, ,,In, As superlattice,” IEEE J .  Quanturn 
Electron., vol. QE-22. pp. 1986-1991. 1986. 
I .  Gowar, Oprical Fiber Communication. London, UK: Prentice- 
Hall, 1984, ch. 13. 
M. C. Teich, K. Matsuo, and B. E. A Saleh. “Excess noise factors 
for conventional and superlattice avalanche photodiodes and photo- 
multiplier tubes.” IEEEJ. Quantum Electron., vol. QE-22. pp. 1184- 
1193, 1986. 
R.  S .  Fyath and J .  J. O’reilly, “Effect on the performance of staircase 
APD’s of electron impact ionization within the graded-gap region,” 
IEEE Trans. Electron Devices, vol. 3 5 ,  pp. 1357-1363, 1988. 

QE-22, pp. 1979-2016, 1986. 

pp. 1683-1695. 1986. 

New York, NY: Academic Press, 1977, p. 333. 

[211 C.  Y. Chang, B. S. Wu, Y. K. Fang. and R. H. Lee. “Optical and 
electrical current gain in an amorphous silicon bulk barrier phototran- 
sistor,” IEEE Electron Device Lett.,  vol. EDL-6, pp. 149-150, 1985. 

[22] B. S.  Wu, C.  Y. Chang, Y. K. Fang, and R. H. Lee, “Amorphous 
silicon phototransistor on a glass substrate.” IEEE Trans. Electron 
Devices, vol. ED-32, pp. 2192-2196, 1985. 

[23] C. Y. Chang, “Photogeneration and recombination in  a bulk barrier 
phototransistor,” IEEE Trans. Electron Devices, vol. ED-33, pp. 
1829-1830, 1986. 

[24] K C Chang, C Y Chang. Y K. Fang, and S .  C Jwo, “The amor- 
phous Si/SiC heterolunction color-sen\itive phototransistor,“ [LEE 
Electron Deibrce Lett , vol EDL-8, pp 64-65, 1987 

1251 J W Hong. Y W Chen. W L Laih. Y K Fang. and C Y Chang, 
“The hydrogenated amorphou5 silicon reach-through dvalanche pho- 
todiodes (a-Si H RAPD‘a ),” IEEE J Qu~~riruni Elecrron , vol 26. 
pp 280-284. Feb 1990. 

* 

Jlh-Wong Hong was born in Taiwan, Republic 
ot China. on May 24, 1947. He received the B.S 
and M.S degrees, both in electronics, from Na- 
tional Chiao Tung University, Hsin-Chu, Taiwan. 
in 1969 and 1972, re5pectively 

He joined the Telecommunication Laboratories 
ot the Ministry of Communications in  1975. where 
he had been engaged in circuit design, the fabri- 
cation of semiconductor devices, and the devel- 
opment of hybrid integrdted circuit\ He joined the 
Electrical Engineering Department of National 

Central Uni\wsity. Chung-Li, Taiwan. in September 1985 as an Associate 
Professor His current re\earch intcre\t\ tocus on thick-film hybrid circuits 
and applications of plasma-enhanced chemical vapor deposition 

y 

Wuu-Larng Laih was born in  Taiwan, R.O.C., 
on February 15, 1964. He received the B.S. and 
M.S. degrees in electrical engineering from Na- 
tional Cheng Kung University, Taiwan, in 1986 
and 1988. respectively. 

In 1988, he joined the Electronics Research and 
Service Organization of the Industrial Technology 
Research Institute, Hsinchu, Taiwan, where he is 
now a device engineer. His current research is in 
the area of semiconductor devices. 

h 

Yu-Wen Chen was born in Taiwan, Republic of 
China. on July 15. 1957. He received the B.S. and 
M.S. degrees in material engineering from Na- 
tional Cheng Kung University in  1980 and 1985. 
respectively. He is currently working toward the 
Ph.D. degree in electronics engineering at Cheng 
Kung University. His doctoral research involves 
the transport theory of amorphous silicon devices. 

* 

Yean-Kuen Fang was born in  Tainan, Taiwan, 
Republic of China, on October IO.  1944. He re- 
ceived the B.S. and M.S. degrees in electronics 
engineering from National Chaio Tung University 
of 1957 and 1959, respectively, and the Ph.D. de- 
gree in semiconductor engineering from the Insti- 
tute of Electrical and Computer Engineering. Na- 
tional Cheng Kung University, in  1981. 

From 1960 to 1978, he was a Senior Designer 
and Research Engineer in the private sector. From 
1978 to 1980, he was an Instructor, then an As- 

sociate Professor and a Professor in  1981 and 1986. respectively, in the 
Electrical and Computer Engineering Department. National Cheng Kung 
University. 

Dr. Fang i s  a member of Phi Tau Phi. 



HONG et al.: OPTICAL AND NOISE CHARACTERISTICS OF Si/SiC AVALANCHE PHOTODIODES 1809 

Chun-Yen Chang (S’69-M’70-SM’8 1-F’88) was 
born in Kaohsing, Taiwan, on October 12, 1937. 
He received the B.S degree in electrical engi- 
neering from National Cheng Kung University, 
Tainan. Taiwan, in 1960, and the M S and Ph D 
degrees from National Chiao Tung University in  
1962 and 1970. respectively 

From 1962 to 1966. he was a Research Assis- 
tant and then an Instructor at Chiao Tung Univer- 
sity working on setting up a semiconductor re- 
search laboratory During 1966-1976. he was hrst 

an Associate Professor and later a Professor in solid-state electronics and 
semiconductor physics and technologie5, he was also Chairman of the De- 
partment of Electrophysics at Chiao Tung Univenity In 1981, he became 
a Member of the Technical Staff. Bell Laboratories, Murray Hill, NJ. 
working in the VLSI Device Group He ha\ been d visiting Profeswr at the 
University of Florida. Gainerville. in 1987 and at the Physics Institute. 
Stuttgart University, Stuttgart. West Germany, in 1989 He is no& a Pro- 
fessor at the National Chiao Tung Univer\ity Hi\ recent interests include 
\ i k o n  VLSl physics and technologies, 111-V compound devices, and ma- 
terials using MBE, as well as MOCVD and amorphous-\illcon devices He 
has taught the majority of senior semiconductor engineen in Taiwan since 
1962. and published more than 120 technical paper\ in  international jour- 
nals He is the recipient of the academic achievement award in engineering 

from the Ministry of Education and the distinguished research professor of 
the National Science Council, R.O.C. He invented the method of stabiliz- 
ing silicon MOS surface which was widely used in power devices, and also 
made various innovations in amorphous n-i-dp-i-n phototransistors, GaAs 
quantum well base transistors, etc. 

Dr. Chang is a member of Phi Tau Phi. the Chinese Institute of Elec- 
trical Engineers, American Physical Society, and the Electrochemical 
Society. 

Jeng Gong was born in Taipei, Taiwan, Republic 
of China, in 1953. He received the B.S.E.E. de- 
gree from National Cheng Kung University, 
Tainan, Taiwan, in 1975 and the M.S. and Ph.D 
degrees in electrical engineering from the Univer- 
sity of Florida, Gainesville, in 1980 and 1983. re- 
spectively. 

He joined the Department of Electrical Engi- 
neering at National Tsing Hua University, Hsin- 
chu, Taiwan in 1983 as an Associate Professor and 
became a Professor in 1989. His current research 

interests include noise properties in  semiconductor devices and materials. 


