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Abdtract : The fabrication and characterization of a Schottky-emitter heterojunction-collector UV-enhanced bipolar
phototransistor (SHBT) are presented. The luminescence peak of the ZnO filmisobserved at 371nmin the PL spec-
trum. The senstivity of the ultraviolet response from 200 to 400nm is enhanced noticeably , and the spectrum re-
sponse at wavelengths longer than 400nmis al so retained. The experiments show that the Au/ -ZnO/p-S SHBT UV
enhanced phototrang stor enhances the senstivity of the ultraviolet response noticeably. The UV response senstivity
at 370nm of the phototransstor is5 10 times that of a ZnO/ S heterojunction UV enhanced photodiode.
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1 Introduction

ZnO isadirect band gap semiconductor mate-
rial with a band gap of 3.32eV and high chemical
and temperature stability'”! ,and it can be widely
used in UV detectors,solar cells,transparent elec
trodes,and UV blue photo L EDs and LDSs'? .

Usng the 200 400nm UV photo-response of
the wide band gap (WB G material n-ZnO and the
400 1000nm response of the narrow band gap mar
terial p-S as a heterojunction collector ,a Au/ n-
Zn0O structure as a Schottky emitter ,and a trans
parent n-ZnO layer as a base ,we designed and fab-
ricated vertical Au/ nZnO/p-S Schottky emitter
heterojunction collector bipolar UV-enhanced pho-
totransstors(SHBTs)® °'. The device' s -V, G
V, and photo spectrum response characteristics
have been tested ,and the luminescence peak of the
ZnO film has a0 been observed at 371nm in the
PL spectrum'® . The sengtivity of the ultraviolet re-
sponse from 200 to 400nm has been enhanced noticear
bly ,and the gpectrum response at wavelengths longer
400nm ,which is the regponse wavelength range of tra
ditiona S photo-detectors,is a < retained’” . The ex-
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periments show that this phototrand stor has noticeably
enhanced the sendtivity of the ultraviolet reponse ,and
the UV regponse sendgtivity at 370nm of the photo-
trand stor isabout 5 timesthat of a ZnO/ S heterojunc-
tion UV enhanced photodiode’® .

2 Experiment and technol ogy

The structural schematic diagram of the pho-
totrang stor is shownin Fig. 1.

High quality, 200nm thick SO. film was
grown onp’-9 substratesin oxidation furniture at
1050 with dry-wet-dry oxygen for 10,40, and
10min. SO: was etched off from the active region
by MOCVD ,and a layer of n-ZnO film with 500
1000nm thick was grown on the substrate with a
direct current magnetism spattering reactor. After
wet-etching away the ZnO film (remaining an ac-
tive ZnO region) ,a 20nm SO: film was spattered
on the top. Then a SO window was etched , and a
10 20nm transparent A ufilm was deposited by e
beam evaporation (EBE). After etching the Au
film,the Schottky-emitter of Au/ n-ZnO and het-
erojunction-collector of n-ZnO/ p-S were finished.
Furthermore ,Al and Ti-Ni-Ag films were evapo-
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Fig.1 Structureof the SHBT

rated on the ZnO window and p*-S substrate re-
spectively and then etched and annealed at 400
450 with highly pure argon as an ohmic con-
tact®*%,

3 Principle and test analysis

Figure 2 is the diagram of the ideal energy
band structure of the Au/ZnO/S SHBT photo-

trans stor. I l I J: N
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Fig.2 Energy band of Au/ n-ZnO/ p-S structure

The W (work function) of Auis 4 85eV ,the
X1 and Ws of n-ZnO are 4 35 and 4 5eV ,and the
X2 and Ws of p-S are 4 05 and 5 1leV. According
to the thermic emisson of a Schottky barrier di-
ode ,the current equationis

J = Jo(e¥™ - 1)

where J isthe current densty ,qisthe charge of an
electron ,kis the Boltzmann constant ,and T is the
absolute temperature. The saturation current den-
Sty Jo is given by

Jo = R TPe /¥
where R’ is the Richardson constant with a theo-
retical value of about 32A/ (cm® - K*)™ . The -
fective area of the Au/ -ZnO Schottky barrier di-
odeis 2mm’ and the ideality factor nis about 1 8.
At room temperature, kT= 0. 026eV . According to
the following equation,
®ps = Wn - X2 = (485- 4 35eV =0 5eV

the Schottky barrier is Q. 5eV and the reverse |eak-
age current lois 1l 02x10 A at a reverse voltage
of 5V. Figure 3 showsthe |-V characteristics of the
BD at reverse voltage. The curve’ dark light” is
the reverse leak current with 5x 10" °A at reverse
5V ,the curves” room light” and“ UV-light” are
photospectrum responses at reverse bias ' .
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Fig.3 |-V characteristics of Au/ n-ZnO BD

The CV characteristics of the Au/ -ZnO SBD
are shownin Fig. 4. The effective chip areais A =
2mm’ (1mm x 2mm) ,the peak value capacitance is
35pF with zero bias,and the minimum capacitance
is2 5pFat 4 and - 4V. The structure of the SBD
is desgned as an inter-digital so the capacitance
curve is symmetrical.

The I-V characteristics of the -ZnO/ p-S het-
erojunction collector are shownin Fig.5. According
to the semiconductor heterojunction theory , the %
isWs - We ,there Ws and Ws are function of Np
and Na regpectively. Because -ZnO and p-S are
wide and narrow band gap semiconductors respec-
tively ,the value of gqVp varies sgnificantly with No
and Na ,%0 it is very important to choose the con-
centrationsof p-9 and n-ZnO. In this study , Na=
8 x10"cm”® and No= 10" 10" cm”® were chosen
to obtain a well-formed gVo. The forward turn on
Vi shownin Fig.5 is about 0. 3 to 0. 4V, and the
breakdown voltage Vi is about - 6V,
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Fig.4 CV characteristicsof Au/ n-ZnO SBD
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Fig.5 |-V characteristics of n-ZnO/p-9

Figure 6 shows the photocurrent response of
the n-ZnO/p-S heterojunction collector with an
optical wavelength ,according to the formula® :

A\ = fx

Eq

where the cut off wavelength of A is about

373 5nmfor E; =3 32eV for ZnO. The photocur-

rent |, isabout 0. 14 ,0. 17 ,.and 2 21 A at 373,400,

and 425nm respectively. For 1, =0 14 A atAi, =

373nm ,the input photo power is $1 W ,and the out-

put I,°Risabout 0. 4 W(R=2x100Q) ,20n isa
bout 8 %.

Another important parameter for the photo-
transistor is the direct current gainf ™ :

B = 1

© Ws® | Do Ws  No

AsDp Dp Lp Na
For giving No ,Na ,Dn,De Is ,and L, ,the parame-
ter We has a very important influence on the mag-
nitude of B. Because the thickness of n-ZnO= Ws ,
we alternated the thickness of the n-ZnO film from
200 to 500nm at different depostion times and gas

= Eg¢Jm)

Optical wavelength/nm

Fg.6 Photo-current response at optical wavelengths

streamflows and other procedure conditions. Figure
7 shows the characteristics of the UV light photo-
current gain at different Iv (bias current) . For some
samplesB is about 3 to 5 times (Vce range from 2
to 5V and the thickness of n-ZnO film is about
300nm) .

VooV

Fig.7 UV light photocurrent response of SHBT for
different VCE

In addition ,because the electron mobhility of n-
ZnO material is much lower than in S material ,
and the n-ZnO film is not a perfect crystal'™® the
value of B for a ZnO SHBT is much smaller than
for a S-pnp transistor. The ZnOisa UV trangar-
ent ,wide band gap semiconductor, 0 a UV-en-
hanced hipolar phototransistor with a Au/ n-ZnO/
p-S structure is a better device for UV and sun-
light detection.

Fgure 8 is a photogrgph of the original device.
There are four identicd SHBT phototransstors on a
sngle chip, and each hasitsown emitter and base pin,
and the back is their common collector pin.



27

Fig.8 Photograph of the original device

4 Conclusion

We have fabricated a Schottky-emitter hetero-
junction-collector bipolar UV-enhanced phototran-
sstor by adopting a Au/ n-ZnO/ p-S structure. The
sendtivity of the UV light regponse from 200 to 400nm
is enhanced, while retaining the reponse to visble
light. The UV photocurrent gain is about 3 5
times. Although the of the SHBT is lower than
that of a S phototransstor ,the SHBT still has a
much better UV-light response.
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