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Abstract

The microstructure effects on the performance of the PtSi Schottky barrier detector (SBD) have been investigated in detail. The grow
temperatures were ranged from 350 to B50T he thickness of the PtSi film measured by high resolution transmission electron microscopy
(HRTEM) is around 4 nm. The electron diffraction pattern shows an intermingling of bdtBY&nd (12 1) orientations when the PtSi
film is formed at 350C. However, the diffraction patterns show onlyX1) orientation when the PtSi films are formed above°450
It was found that the electrical barrier height of the Schottky barrier detector formed @@ 85@bout 0.02 eV higher than that formed
above 450C. The microstructure of the PtSi film does not change even though the formation temperature is further increaséd to 550
Nevertheless, the higher the formation temperature, the larger is the grain size. It was also observed that the grain size does not cha
the electrical barrier height. However, the quantum efficiency of the detector is much higher if the grain size is larger. The results indicat
that the quantum efficiency of the detector can be improved if the PtSi film Ha3)(drientation and larger grain size. © 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction height of the PtSi detector has been studied by Pellegrini

) . et al. [6]. Their results showed that the Schottky barrier
The PtSi Schottky barrier detector (SBD) has found ap- pejght could have 0.076 eV of difference when the PtSi is
plications in the detection window of 34n. Since its 5 meq at different interfaces. It has also been reported that
compatible fabrication with standard silicon wafer process, the formation conditions of thin PtSi layer can strongly
large two-dimensional PtSi arrays combined with charge ,¢act the detector performance [7,8].
coupled devices (CCD) readout structure have been re- | yhis naner, the microstructure dependence of the PtSi
ported by several authors [1-4]. The detectors with excellent g, o the detector performance has been investigated in de-

signal-to-noise ratio, which were fabricated on p-Si(100) (55 Both high resolution transmission electron microscopy
substrate, have been reported in the literature. However, L rTEM) and electron diffraction are used to character-
most of the studies were focused on the performance ofj;¢ the microstructure of the PtSi film at different forma-

the detectors. The microstructure effects on the detectoryjq, congitions. The electrical Schottky barrier height is de-
performance have not been fully understood yet. It has o mineq by the current-voltage characteristics at different
been reported in Ref. [5] that PtSi film shows two differ- o peraturesi£v—T) under 4V reverse bias. The quantum

ent orientations by two different formation mechanisms for eficiency of the Schottky barrier detector is calculated from
relatlve_ly thicker f_|Im (i.e. 50nm). It was shown f[hatzst .. the responsivity result. It reveals that the electrical barrier
phase is formed first and then transferred to PtSi phase W'thheights are different when the PtSi films have different ori-

(110) orientation when formed at 320. However, the  oations. The quantum efficiency of the detector can be im-
PtSi formation is along the @1) plane and undergoes N0 ,.oyeq when the film formed with @1) orientation and

further change when the PtSi is formed at 400The ef- larger grain size.

fect of silicon substrate orientation on the Schottky barrier
* Corresponding author. Present address: Microelectronics Devices Lab-2' EXpe“memal

oratory, CSIST, PO Box 90008-16-21, Lung-Tan, Taoyuan 325, Taiwan, . . . . .

ROC. Fig. 1 is the cross-sectional diagram of the PtSi SBD.

E-mail addressgihorng@ms3.seeder.net (G.-J. Horng). In order to reduce the leakage current of the PtSi SBD, an
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Fig. 1. The cross-sectional diagram of the PtSi Schottky barrier detector.

> 5
Table 1 450°C/20min
The formation conditions of the PtSi Schottky barrier detectors -
PtSi (c)

Type Temperature for In situ annealing

Pt deposition Ts) for PtSi formation
A 350°C 350°C/30min
B 450°C 450°C/20 min Ts=550°C,
C 550C 550°C/10 min 550 °C/10min Snm

Fig. 2. The high resolution cross-sectional TEM for the PtSi films formed
n-type guard ring was provided on the periphery of the de- at different grovvth conditions. The.film thicl'<r_1ess_ is 4nm. (a) Su_bstrate
tector. An undoped dielectric layer was deposited on the PtSj€mperature Tsu) is 350C, annealing condition is 35 for 30min;
film to form an optical cavity. The substrate used was p-type (b) Tsup is 450C, annealing condition is 45 for 20min; (c) Teu, is

550°C, annealing condition is 58C for 10 min.

Si(1 0 0) with a resistivity of 25-3@ cm. Thin Pt films were

deposited on Si substrate at different temperatures in an ultra

high val%uum chamber. The base pressure of the chamber wag nm on each formation condition. From the plain view pic-
2x10~""mbar. The thickness of the deposited Pt film was e of the PtSi films analyzed by HRTEM, see Fig. 3, the
in situ monitored by microbalancer quartz crystal. Immedi- pys; grains are quite different at different formation tempera-

ately after the Pt film deposition, the PtSi film was formed o5 The PtSi grains are observed to have small round shape
through the solid state reaction between Pt and Si atelevatedand relative disorder if the PtSi film is formed at 380

temperature in the same chamber. The formation tempera-y5 shown in Fig. 3a. However, the round-shape grains seem
tures of the PtSi film were varied from 350 to S80 Table 1 5 ¢ into small rectangular shape and show orientation
lists the growth conditions of the PtSi film. Three different |\ han the PtSi is formed at 450, as illustrated in Fig. 3b.
formation conditions were applied to obtain different mi- \yhen the formation temperature is increased to°B5@he
crostructure films. The film thickness and uniformity were PtSi grains keep the same shape but the grain size is in-
monitored through high resolution cross-sectional TEM. The ~raased when compared to that obtained at@5Chis re-
plain view of the HRTEM in dark field was used to investi- gt js shown in Fig. 3c. Fig. 4 shows the electron diffrac-
gate the characteristics of the PtSi grain. The phase and thgjon patterns for these films. All of the diffraction patterns
orientation of the film were determined from the electron e scattered spots. It indicates that the PtSi films are epi-
diffraction patterns. In order to measure the electrical Charac'taxially grown on Si(100) substrate. The diffraction pattern
teristics of the Schottky barrier detector, the current-voltage ¢ the PtSi film formed at 35@ shows that the film has
characteristics at different temperatures under 4V reversedy i (110) and (22 1) orientations, as illustrated in Fig. 4a.
bias were measured at the temperature range from 80 torpis resylt is consistent with the previous report by Gho-
150K. The temperature was monitored by a calibrated Si ,jane et al. [5]. However, for the PtSi film formed at 450
diode directly attached on the detector carrier. The electri- 5 550C, the electron diffraction patterns show that the
cal Schottky barrier height was determined by extracting the i is only in (12 1) orientation. The results are illustrated
slope of the Richardson plot at 4V reversed bias [9]. The i, Fig ab and c. The only difference between the two films
quantum efficiency of the PtSi SBD was measured at 77K formed at 450C and at 550C is that the diffraction pattern
with the method described in Ref. [10]. is more repeatable for the film formed at 560 It means
that the film formed at 55@ is more crystalline than that
formed at 450C. This observation is consistent with the re-
3. Results and discussions sult from the plain view of the HRTEM that the grain size
formed at 550C is much larger than that formed at 480
Fig. 2 shows the cross-sectional views of the PtSi films Nevertheless, the X-ray diffraction provides a better method
formed at different conditions. The film thickness is about to determine the crystalline quality of the film. However,
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Fig. 3. The plain views of the PtSi grain formed at different conditions.
(a) Tsup is 350°C, annealing condition is 35C for 30min; (b) Tsup

is 450°C, annealing condition is 48C for 20 min; (c) Tsyp is 550°C,
annealing condition is 55C for 10 min.

the diffraction signal is quite small due to the relatively thin
PtSi layer (i.e. 4nm).

The current of the Schottky barrier detector as a function
of the applied voltage can be expressed as follows:

V
I = AeJs [exp(:—kT> - 1] 1)
Js = A*T? exp(—%) 2

whereJs is the saturation current densitythe ideality fac-
tor, A* the effective Richardson constaftthe device oper-
ation temperaturede the detector area, arfg, the electrical

barrier height of the Schottky diode. The saturation current

(Is) of the PtSi/p-Si Schottky diode can be obtained from the
reversd—V characteristic at different temperatures. It can be
expressed as follows:

Is = AcA*T? exp(—qib)

kT ®)
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Fig. 4. The electron diffraction patterns of the PtSi grain formed at
different conditions. (a)lsyp is 350°C, annealing condition is 35C for

30 min; (b) Tsyp is 450°C, annealing condition is 45C for 20 min; (c)
Tsup Is 550°C, annealing condition is 55C for 10 min.

rived from the slope of each line. The derived barrier heights
are 0.221, 0.201, and 0.200 eV for the PtSi SBDs formed at
350, 450, and 55, respectively. This shows that the bar-
rier height of SBD formed at 35C is about 0.02 eV higher
than that formed at 450 and 58D. The difference is possi-

The electrical barrier height can be derived from the slope of bly due to the microstructure of the PtSi film. For the PtSi

the Richardson plot described in Ref. [9]. Fig. 5 shows the
Richardson plot of the PtSi/p-Si SBDs under 4V reversed
bias for each formation condition. The electrical barrier
height, including the barrier height lowering effect, is de-

film formed at 350C, the film has an intermingling of both
(110) and (12 1) orientations. However, only @11) orien-
tation was observed for those PtSi films formed at 450 and
550°C. This indicates that the @L1) orientated PtSi film has
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Fig. 5. The Richardson plot of the PtSi/p-Si SBDs operated at 4V reversed

1 h
bias voltage for different formation conditions. Warelength, (um)

(b)

3.0%

larger metal work function than the film with (10) orienta-
tion. Thus, the electrical barrier height of the PtSi/p-Si(1 0 0)
diode can be reduced when the film is formed witt2 ()
orientation. On the other hand, if the formed PtSi films have
the same orientation, the barrier heights will remain at the
same value even though the grain size is totally different.

Fig. 6a shows the responsivity of the PtSi SBD as a func-
tion of wavelength under different formation conditions. The
responsivity can be expressed as follows:

hy — 2 05% |
R=Cy (—” hv‘pms) (4)
0.0%

whereR is the responsivityC; the quantum efficiency co- 25 3 35 4 45 5 55
efficient,pms the optical Schottky barrier height, ahd the Wavelength, (um)

photon energy of the infrared radiation. The optical Schot-

tky barrier height ¢ms) and the quantum efficiency coeffi-  Fig. 6. (a) The responsivity of the PtSi/p-Si SBDs as a function of

cient (C1) can be determined by the modified Fowler plot, the wavelength; (b) the quantum efficiency of the PtSi/p-Si SBDs as a
" function of the wavelength. The SBDs are measured under 4V reverse
as indicated below:

bias voltage at 77 K temperature.
1/2
(1 x hv)2 = " (hv — gm9) (5)

2.5% p

L1 2

20% L . ¢ Ts=350°C
B Ts=450°C
15% A Ts=550°C

on

1.0%

Quantum efficiency

ou>

wheren=Rhv is the quantum efficiency. The quantum ef-

ficiencies calculated from the responsivity measurement at4. Conclusions

4 um wavelength are 0.65, 0.74 and 0.88% for the PtSi films

formed at 350, 450, and 590, respectively. The theoreti- The microstructures of the PtSi films formed at dif-
cal calculations of the responsivity with quantum efficiency ferent formation conditions were investigated by the
of 1 and 0.1% are also included in Fig. 6a for comparison. high-resolution transmission electron microscope and elec-
Fig. 6b shows the quantum efficiency as a function of the tron diffraction. The microstructure effects on the electrical
wavelength. The lowest quantum efficiency for the case of barrier height and quantum efficiency were also investi-
350°C formation is attributed to the highest electrical barrier gated. It is seen that the PtSi film has botd () and (12 1)
height. This is due to the existence of thel(@) orientation orientations when it is formed at 3590. The existence of
rather than the (2 1) orientation. However, the PtSi SBD the (11 0) orientation increases the electrical barrier height
formed at 550C has higher quantum efficiency compared of the detector. From the electron diffraction patterns, it
to that formed at 450 even though the electrical barrier is observed that the orientation of the PtSi film formed at
height is identical. Since the PtSi film formed at 536Chas 450°C is identical to that formed at 53Q. Although the
larger grain size, the defect states at the grain boundaries argrain size formed at 55C is much larger than that formed
reduced. Therefore, the energy relaxation via defect scatter-at 450C, the electrical barrier heights are the same. How-
ing can be decreased [8]. The emission yield is improved by ever, the quantum efficiency is enhanced when the formed
the reduction of this kind of scattering. PtSi film has (2 1) orientation and larger grain size.
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