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Abstract : The fabrication and characterization of a Schottky2emitter heterojunction2collector UV2enhanced bipolar

photot ransistor (SHB T) are presented. The luminescence peak of the ZnO film is observed at 371nm in the PL spec2
t rum. The sensitivity of the ult raviolet response f rom 200 to 400nm is enhanced noticeably , and the spect rum re2
sponse at wavelengths longer than 400nm is also retained. The experiments show that the Au/ n2ZnO/ p2Si SHB T UV

enhanced photot ransistor enhances the sensitivity of the ult raviolet response noticeably. The UV response sensitivity

at 370nm of the photot ransistor is 5～10 times that of a ZnO/ Si heterojunction UV enhanced photodiode.
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1　Introduction

ZnO is a direct band gap semiconductor mate2
rial wit h a band gap of 3. 32eV and high chemical
and temperature stability[ 1 ] , and it can be widely

used in UV detectors , solar cells , t ransparent elec2
t rodes ,and UV blue p hoto L EDs and LDSs[2 ] .

U sing t he 200～400nm UV p hoto2response of
t he wide band gap ( WB G) material n2ZnO and the
400～1000nm response of the narrow band gap ma2
terial p2Si as a heterojunction collector , a Au/ n2
ZnO st ruct ure as a Schot t ky emitter ,and a t rans2
parent n2ZnO layer as a base ,we designed and fab2
ricated vertical Au/ n2ZnO/ p2Si Schot tky emit ter
heterojunction collector bipolar UV2enhanced p ho2
tot ransistors ( SHB Ts) [ 3～5 ] . The device’s I2V , C2
V , and p hoto spect rum response characteristics
have been tested ,and t he luminescence peak of the
ZnO film has also been observed at 371nm in the
PL spect rum[6 ] . The sensitivity of the ultraviolet re2
sponse from 200 to 400nm has been enhanced noticea2
bly ,and the spectrum response at wavelengths longer
400nm ,which is the response wavelength range of tra2
ditional Si photo2detectors ,is also retained[7 ] . The ex2

periments show that this phototransistor has noticeably
enhanced the sensitivity of the ultraviolet response ,and
the UV response sensitivity at 370nm of the photo2
transistor is about 5 times that of a ZnO/ Si heterojunc2
tion UV enhanced photodiode[8 ] .

2　Experiment and technology

The st ruct ural schematic diagram of t he p ho2
tot ransistor is shown in Fig. 1.

High quality , 200nm t hick SiO2 film was

grown on p + 2Si subst rates in oxidation f urniture at
1050℃ with dry2wet2dry oxygen for 10 , 40 , and
10min. SiO2 was etched off f rom t he active region
by MOCVD ,and a layer of n2ZnO film with 500～
1000nm t hick was grown on t he subst rate wit h a
direct current magnetism spat tering reactor . After
wet2etching away the ZnO film ( remaining an ac2
tive ZnO region) ,a 20nm SiO2 film was spattered

on the top . Then a SiO2 window was etched , and a
10～20nm t ransparent Au2film was deposited by e2
beam evaporation ( EB E) . After etching t he Au2
film , the Schot t ky2emitter of Au/ n2ZnO and het2
erojunction2collector of n2ZnO/ p2Si were finished.
Furt hermore , Al and Ti2Ni2Ag films were evapo2
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Fig. 1　Structure of the SHB T

rated on t he ZnO window and p + 2Si subst rate re2
spectively and t hen etched and annealed at 400～
450℃ wit h highly p ure argon as an ohmic con2
tact [3 ,10 ] .

3　Principle and test analysis

Figure 2 is t he diagram of the ideal energy
band st ruct ure of t he Au/ ZnO/ Si SHB T p hoto2
t ransistor .

Fig. 2　Energy band of Au/ n2ZnO/ p2Si st ructure

The W m (work f unction) of Au is 4185eV ,the
X1 and W S1 of n2ZnO are 4135 and 415eV ,and the
X2 and W S2 of p2Si are 4105 and 511eV. According
to t he t hermic emission of a Schot t ky barrier di2
ode ,the current equation is

J = J 0 (eqV / nk T - 1)

where J is t he current density ,q is t he charge of an
elect ron , k is t he Boltzmann constant ,and T is t he
absolute temperat ure. The sat uration current den2
sity J 0 is given by

J 0 = R 3 T2 e - <ns/ kT X

where R 3 is t he Richardson constant with a theo2
retical value of about 32A/ (cm2 ·K2 ) [11 ] . The ef2
fective area of t he Au/ n2ZnO Schot t ky barrier di2
ode is 2mm2 and t he ideality factor n is about 118.
At room temperat ure , k T≈01026eV. According to
t he following equation ,
Φns = W m - X1 = (4185 - 4135) eV = 015eV

t he Schot t ky barrier is 015eV and t he reverse leak2
age current Io is 1102×10 - 10 A at a reverse voltage
of 5V. Figure 3 shows t he I2V characteristics of t he
SBD at reverse voltage. The curve“dark light”is
t he reverse leak current with 5 ×10 - 8 A at reverse
5V ,t he curves“room light”and“UV2light”are
p hotospect rum responses at reverse bias[ 11 ] .

Fig. 3　I2V characteristics of Au/ n2ZnO SBD

The C2V characteristics of t he Au/ n2ZnO SBD
are shown in Fig. 4. The effective chip area is A =
2mm2 (1mm ×2mm) ,t he peak value capacitance is
35p F wit h zero bias ,and the minimum capacitance
is 215p F at 4 and - 4V. The st ruct ure of t he SBD
is designed as an inter2digital so t he capacitance
curve is symmet rical .

The I2V characteristics of t he n2ZnO/ p2Si het2
erojunction collector are shown in Fig. 5. According
to t he semiconductor heterojunction t heory , t he <np

is W S1 - W S2 ,t here W S1 and W S2 are f unction of ND

and N A respectively. Because n2ZnO and p2Si are
wide and narrow band gap semiconductors respec2
tively ,t he value of qVD varies significantly with ND

and N A ,so it is very important to choose t he con2
cent rations of p2Si and n2ZnO. In t his st udy , N A≈
8×1016 cm - 3 and ND≈1017～ 1018 cm - 3 were chosen
to obtain a well2formed qVD . The forward t urn on
V t shown in Fig. 5 is about 013 to 014V , and t he
breakdown voltage V bc is about - 6V [8 ] .
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Fig. 4　C2V characteristics of Au/ n2ZnO SBD

Fig. 5　I2V characteristics of n2ZnO/ p2Si

Figure 6 shows t he p hotocurrent response of
t he n2ZnO/ p2Si heterojunction collector wit h an
optical wavelengt h ,according to the formula [8 ] :

λ =
hc
Eg

=
1124

Eg
(μm)

where t he cut off wavelength of λ is about
37315nm for Eg = 3132eV for ZnO. The p hotocur2
rent Ip is about 0114 ,0117 ,and 212μA at 373 ,400 ,
and 425nm respectively. For Ip = 0114μA atλin =
373nm ,t he inp ut p hoto power is 5μW ,and t he out2
p ut Ip

2 R is about 014μW ( R = 2 ×106Ω) , soηis a2
bout 8 %.

Another important parameter for t he p hoto2
t ransistor is t he direct current gainβ[11 ] :

β=
1

W B
2

2τB Dp
+

Dn

Dp
×W B

Lp
×ND

N A

For giving ND , N A , Dn , DP ,τB ,and Lp ,t he parame2
ter W B has a very important influence on t he mag2
nit ude ofβ. Because t he t hickness of n2ZnO≈W B ,
we alternated t he t hickness of t he n2ZnO film f rom
200 to 500nm at different deposition times and gas

Fig. 6　Photo2current response at optical wavelengths

st reamflows and ot her p rocedure conditions. Figure
7 shows t he characteristics of t he UV light p hoto2
current gain at different Ib (bias current) . For some
samples ,βis about 3 to 5 times (V CE range f rom 2
to 5V and t he t hickness of n2ZnO film is about
300nm) .

Fig. 7 　UV light photocurrent response of SHB T for

different VCE

In addition ,because the elect ron mobility of n2
ZnO material is much lower t han in n2Si material ,
and t he n2ZnO film is not a perfect crystal [13 ] , t he
value ofβfor a ZnO SHB T is much smaller than
for a Si2p np t ransistor . The ZnO is a UV t ranspar2
ent , wide band gap semiconductor , so a UV2en2
hanced bipolar p hotot ransistor with a Au/ n2ZnO/
p2Si st ructure is a bet ter device for UV and sun2
light detection.

Figure 8 is a photograph of the original device.
There are four identical SHB T phototransistors on a
single chip , and each has its own emitter and base pin ,
and the back is their common collector pin.
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Fig. 8　Photograph of the original device

4　Conclusion

We have fabricated a Schot t ky2emit ter hetero2
junction2collector bipolar UV2enhanced p hotot ran2
sistor by adopting a Au/ n2ZnO/ p2Si st ructure. The
sensitivity of the UV light response from 200 to 400nm
is enhanced , while retaining the response to visible
light . The UV p hotocurrent gain is about 3～ 5
times. Alt hough t heβof t he SHB T is lower t han
t hat of a Si p hotot ransistor , t he SHB T still has a
much bet ter UV2light response.
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Au/ n2ZnO/ p2Si结构的紫外增强型光电三极管的研制 3

郭俊福　谢家纯­　段　理　何广宏　林碧霞　傅竹西

(中国科学技术大学物理系 , 合肥　230026)

摘要 : 研究和制作了一种新型 Au/ n2ZnO/ p2Si结构的肖特基发射极、异质结集电极紫外增强双极型光电三极管.

分析了器件原理 ,测试了 I2V 特性、C2V 特性以及器件的光谱响应 ,从 200到 400nm的紫外光响应灵敏度得到明显
增强而对大于 400nm的可见光的响应特性得到保留.实验显示 Au/ n2ZnO/ p2Si结构的紫外增强型的光电三极管对
紫外光的响应明显增强 ,对 371nm波长的紫外光的灵敏度是普通 n2ZnO/ p2Si异质结紫外光电二极管道的 5～10

倍.
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