
the pinch-off mode of operation, and found to be 2.11 and 
4.06GHz, respectively. Under optical illumination f, was increased 
by 20%, while fm,, was improved by 10% compared with micro- 
wave performance under non-illumination. 

In summary, a p-channel In, ,,Ga, ,,P/GaAs/In, 13Ga, 8 7 A ~  pseu- 
domorphic MODFET with l p  gate length has been fabricated. 
DC and microwave performance of the devices were characterised 
with and without optical illmunation. We observed that the 
photocurrent was 4 .36mA at V, = 4 .2V and V, = -3.5V with 
incident optical power of 2.15mW. A significantly high responsiv- 
ity was noted at low incident optical powers. Under the optical 
illumination, current gain cut-off frequency and m a x i "  availa- 
ble gain cut-off frequency were improved. These results of the 
optical responses of the p-channel InGaP/GaAs/InGaAs pseudo- 
morphic MODFET on a GaAs substrate are reported for the first 
time. 6 
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pression of boron penetration in p+ 
polysilicon gate using Si-B diffusion source 

T.S. Chao, C.P. Kuo, T.F. Lei, T.P. Chen, T.Y. Huang 
and C.Y. Chang 

The authors report a novel Si-B diffusion source for doping p+- 
poly-Si gates in pMOSFETs. It is found that B penetration can be 
effectively suppressed by using ths  novel process. All of the 
electrical properties of the MOS capacitors are significantly 
improved over those in the conventional BF,+ or B+-implanted 
samples. This new process is very promising for future surface- 
channel pMOSFETs. 

Introduction: p+-polycrystalline silicon (p'-poly-Si) has been pro- 
posed as the gate material for surface-channel p-type metal-oxide- 
semiconductor transistor @MOSFETs) in deep submicron comple- 
mentary metal-oxide semiconductor devices [ 11. This is because 
surface-channel pMOSFETs using p+-poly-Si gates have better 
short-channel and sub-threshold I-V characteristics. They also 
exhibit improved controllability of the threshold voltage over bur- 
ied-channel pMOSFETs with an n+-poly-Si gate. However, Lhe fast 
boron diffusion in the poly-Si and gate oxide, results in the sus- 
ceptibility of boron penetration through the gate into the underly- 
ing silicon substrate. The presence of F, due to BF,' implantation, 
further enhances the diffusion of B [2]. Boron penetration is 
known to cause device instability such as positive threshold volt- 
age shift, increased subthreshold swing, increased electron trap- 
ping rate, low-field hole mobility degradation, and drive current 
degradation due to poly-Si depletion in pMOSFETs. Many meth- 
ods have been proposed to suppress boron penetration. The first 
approach is to retard the boron diffusion in the poly-Si. This can 
be achieved by stacked or modified poly-Si gate structures [3]. The 
second approach is to establish a diffusion barrier at the interface 
of the poly-Siloxide and/or oxide/Si-substrate. This can be 

achieved by nitridation of the'gate andior gate oxide by using N,O 
or NO oxidatiodannealing, or an inductive-coupling-nitrogen- 
plasma to incorporate a nitrogen-rich layer at the SiO,/Si interface 
as a barrier to retard the boron diffusion [4] In this Letter, a novel 
Si-B layer is proposed, for the first time, as the diffusion source 
for doping the p+-poly-Si. The comprehensive effects of annealing 
temperature and time on the p+-poly-Si MOS capacitors using an 
Si-B layer are compared with the conventional BF,+- and B+ ion- 
implanted counterparts by using secondary ion mass spectroscopy 
(SIMS) analyses, highflow frequency C-V measurements, J-E char- 
acteristics, and charge-to-breakdown ( Qbd) values. It is found that 
this new process, which is inherently free of F, has a better capa- 
bilitv for suuwessinp boron Denetration than conventional meth- 

annealing temperature, deg 8351( 

Fig. 1 Flat-band voltage of BF,+-implanted, B+-implanted and Si-B 
samples annealed at 875-950 "Cfor 1Smin 
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Fig. 2 Distribution of charge-to-breakdown of BF,'-implanted and Si-B 
samples 
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Experiment: p+-poly-Si gate MOS capacitors were fabricated on n- 
type (100) Si-wafer with from 2 to 4Qcm resistivity. The active 
area was defined with 550nm of field oxide. A thin 9.5nm gate 
oxide was grown at 900°C. A 300nm poly-Si was then deposited. 
Samples with the conventional implanted p+-poly-Si gate were fab- 
ricated by using BF2+, SOkeV, or B', 20keV, both to a dose of 5 x 
1015m-2; while for the Si-B samples, they were put instead into a 
ultra-high-vacuum vapour chemical deposition (UHV/CVD) sys- 
tem to deposit a 35nm Si-B layer upon the undoped poly-Si gate 
layer by using a 1:l mixture of pure SiH, and B,H, (l?h in H2) at 
550°C. The base pressure was 2 x 1V8 torr. Afterwards, all sam- 
ples were annealed in wet O,, ambient at temperatures between 
875 and 950°C for 15-35min. The Si-B layer was oxidised during 
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Result and discussion: To evaluate boron penetration, the flat-band 
voltage, V,, measured from the high-frequency C-V curves, is 
applied. Boron penetration causes a positive V, shift. More severe 
boron penetration results in a larger V, shift. Fig. 1 shows V, 
against different annealing temperatures from 875 to 950°C for 
15min. The BF,+-implanted sample exhibits the largest V, shift 
resulting from the F-enhanced boron penetration. More knpor- 
tantly, although the B+-implanted sample has a smaller value of 
Vj than the BF,+-implanted sample, the V, shift is smallest for the 
Si-B sample. The Weibull plots of the charge-to-breakdown value 
for the BF,+-implanted and Si-B samples are shown in Fig. 2. The 
stress current density is 100mA/cmz and the gate area of the 
capacitor is 4.42 x l@5/cm2. There are two groups clearly sepa- 
rated in the Figure. For the BF,+-implanted samples, the Qbd is 
distributed over the wide range 1-10C/cm2 for the annealing tem- 
peratures studied. In addition, they also depict a lower Qbd value 

implanted sample is in-between the Si-B and BF,+-implanted sam- 
ples. Fig. 4 shows the boron profiles of the Si-B and BF,+- 
implanted samples measured by SIMS analyses. The Si-B samples 
indeed show a smaller B concentration at both the Si0,iSi inter- 
face and in the Si-substrate. 

Conclusion: In conclusion, a novel Si-B diffusion source for a p i -  
poly-Si gate in pMOSFETs has been investigated, for the first 
time, in this study. This process shows a better performance for 
suppressing boron penetration than conventional BF,+-or B+- 
implanted samples, for a wide range of annealing temperatures 
and times. This new process is a very promising candidate for fab- 
ricating surface-channel pMOSFETs in future deep-submicron 
CMOS. 
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Thermally evaporated ITO/GaAs Schottky 
barrier contacts 

A. Salehi and K.N. Toosi 

ITOln-GaAs Schottky bamer contacts have been fabricated by 
thermal evaporation of In,03/Sn02 on G A S  with various 
deposition rates r,. The variation in the contact characteristics 
was systematically investigated with respect to the deposition rate. 
The optimal deposition rate of 0.2Ns yields a barrier height of 
0.8OeV and unity ideality factor with a transmittance value of 
> 80% in the visible region of the spectrum. 

depth, pm m 
Fig. 4 Boron profiles of BF,+-implanted and Si-B samples, measured by 
SIMS analyses 

925”C, 15min 
___ Si-B 
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compared with the Si-B samples. For the Si-B sample, the Qbd dis- 
tribution is much tighter and also higher in value. For the Si-B 
sample, the Qbd decreases as the annealing temperature is 
increased. The average Qbd for the Si-B, B+-, and BF,+-implanted 
samples are compiled and shown in Fig. 3. The Si-B sample exhib- 
its the largest Qbd for all of the temperature range. The B+- 
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In recent years, considerable attention has been given to transpar- 
ent electrically conducting thin films, especially indium tin oxide 
(ITO), because of their unique properties which make them useful 
in many applications. IT0 films are characterised by a high visible 
transparency (T > 80%) and a low electrical resistivity (p = 
lWQcm), thus providing a very good Schottky contact to GaAs 
and InP photodiodes, solar cells [l, 21 and, more recently, optical 

tion resistance of the IT0 films [4]. Despite the signifcant 
progress in the use of IT0  in device structures, surprisingly little 
research has been devoted to the fabrication of thermally evapo- 
rated IT0  layers on semiconductors [5]. At present, there is no 
information about the role of deposition rate in opto-electronics 
properties of IT0  layers. 

HRTs [1]. In a previous paper [a], we reported the excellent radia- 
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