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{
This research project presents the study on diamond films propertics, japplication and
basic properties of diamond thin films for the new structurc of P-Diamox}d/i-Diémond/n-Silicon

{

Solar Cell and study on parameters to impact on these photodiode. 1-2 Jim of i-diamond thin
|

films thickness was synthesized on high resistivity of 200 Q.em n-type silicon substrate (100),

|

400 Llm. thickness by combustion activation CVD technique at atmosphere pressén‘c and 2-5 llm
of p-diamond thin films thickness was synthesized by hot filament CVD techniqul‘c at atmosphere
pressure in borontrioxide mixed with ethyl-alcohol. From the experimental rcsu];ts, it was found
that this structure shows good basic properties of photodiode, which 9.11 mA ﬁof dark current,
built-in voltage is about 0.8-1.6 Volts, more than 120 Volts breakdown voltage, photocurrent is

1.8-4.4 mA at 1000-11,000 lux with reverse bias. Furthermore, this experiment| results perform

the effects of temperature, carrier density, patterns of clectrode, diamond thin films and intrinsic

silicon layer thickness. 11
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Characteristics of Synthesized Dinmond Filmns by Using CACVD Technignes at
High Temperatures
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ABSTRACT

This paper presents synthecized dismond fiims by using combustion achivated chemsical vapor
depositon (CACVD) techniques. The characteristics of dizmoznd films kzve been stadied at wide
ranges of femperature (30-400°C). The resistazce of diamond films has been determined for
hydrogen termination times of 3, 10, 13, and 20 minutes, and at the operation temparatures of 500,
600 2nd 700°C. The investigation found .that, =t 30°C z syothesized dtamond film has a high
yeststance (I‘Gm 02), whereas at high temperatires (108400°C) the resisfance bas decreased from
4.04 X102 ro 2.42 MO, The resul obtuined from the hydroger termination showed fat e rasistance
has decreased by 10%10° Q (at 30°C). Summarily, if can be stated that the higher the hyvdrogen
tennination times and operation temperatures, the lower the Tesistanice of diamond fims.

INTRODUCTION

The chémical ~apor deposition method has grown very rapidly within the last twenty wvears. The
applications of this process are pow the ‘key elements in many industiial products, such as

) semiconductors, cuﬁi'n_g tonls, coating for medical implants_ filters and many others {13, There has
been a rapid development of CVD technology and sxpanszion of the market for CVD produets [2-4].
Thic trend is expected fo confinus in the foreseesble fufure. In this work: we present the conditons
of growing diamord films synthesized by wiing combustion sctivated chemmical vapos deposifion
{CACVD) techeiques and the characteristics of diamond Alms at 30-400°C. The resistanrce of
diamond films for the ki-drozen terminstich Hoes of 5-20 ‘min =nd the operation temperstures of
S00-760°C have been determyined.

Table |. Equipmt Variables and fheir Accuracy [51

Temp Acowmrzcy Gz Flow Accuracy  Pressure Accuracy

C) mate (scem}- {Torr)
Oxy-acetylene CVD 10601600 = 150°C  1000-1560 = 20% NA ‘NA
MACVD 700-3000 +15°C 20-100. +2% 16-100 2%
HotFilament CVD  1000-1600  =50°C 100-200 =12% 16-100  +3%

NA = not applicable

In this experizental reseaxch, the Iabdratory egnipment nsed was made from oxy-aceiylene
materials in order to zvoid the fluctuztion of varizbles occuning from the equipmest, and thus-they

ALTNE Terensag, Non'u{dm:tmwum be recyoduced o Yaersited mmmawxym'nnmzmuﬁmpem:tm
ptdther Tranz Tech Rutiicianz Lhe, Qettzarand, waw fpnet {0: 51221 123.57-200 705 M S 125
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are able to control simply the experimental conditions [3-6]. The values of tha range and the
expected accuracy of oxy-acetylene equipment compared with microwave azcisted C VD and
hot-filament CVD equipment are showr in tzble 1.

EXPERIMENT

The oxy-zcetylene torch was used to nucleste and grow the polyerysiziiime diamond films on the
sabshrates (table 2) under ambient atmosphere. The substrates (sihcon and silicon dioxide) ware
polished bw ultrasound in dizmond powder. Tke flow rates of oxvgen, acetylene earbon dioxide.
carbon monoxide, and hyvdrogen were computed, and the substrate temperature was stabilized zt
selected set points by a temperature contraller. The summarized conditions are shown o tzble 2, 1
which the detzils of 2ach controlled parzmetar are described. In this s section, the xmclb..non on
homo-zubstrate, hetero-substrate, and selected areas have bean studiad,

Table 2. Summarized Conditions for Dizmond Film Synthasis

Parameter Expesimeentz] condifions

Pressure 1 ztm
Ratio of Oz 7 CaHa 0.7 - 0.95 by wolumetric ratio

0, .9'9.5_‘.% , Bow rate 140 - 950 co'miin

LCrHa £9.95% , flow rate 200 - 1000 cofmin
Tip Size Encdl
Substrate Silicon, polished Silicon. Silicon Dioxide and

. : polished Silicon Dioxide

Subatrate Temperature 500 - 1350°C
Distance between Flame Core and Substrate  intsrmedizte and outer Core (0.1-11 mm)
Svstermn Timea 5-20 min

The study for diamond Elms was terminated at 900°C for.§ mirutes under kydrogen aimosphere. At
2 high tempemtuwre operation (30-200°C), 3 Takedinken digital nmtmeter was used to mezsure the
elecirical resistance of dizmend Hims. The chmie contzcts wera built on diamond films by
dimersions of 3 mm x 3 mm of 15 ura thickness. The cherzcferistics of diamond films %'.me been

studied withiz 3 wide range of temperatures (’-0400‘6) and the resistance has been detarmived for

the hydrogen termination fimes at 5, 10, 15, -and 20 manuates, with: oaerahon temperatres of 300,
606, and 700°C.

RESULT AND DISCUSSION

The resistance of the diamoend films af ro6m temperature is 4.04 M3, a5 shown in fig. 1. The result
shows that the resistance is decreasing with an increaze of temperature. At high temperature
operations, up to 200°C, it was found that the diamond flms remain behaving as semiconductors.

(9 Yargpagy we




Key Engineering Materials Vols, 421-422 133
g 11
8 T
5 1.0 -9\\ R
g 09 i
K .
= DB v .
fwl -
‘ ?o: 07 \
.:g__ 08 hd
2
g 05
h a4
§ ) 100 200 309 400 s}

Temperature °C)
Fig. 1. Cliznnfenistij::s of intrinzic diamord films athigh temperztives

As showr in fig. 1, the resistance immediately - dropped at 200°C and went down to 242 MO at
400°C. In general, a semiconductor deteriorates at sbout 100°C, therefore, concluding from this
work, synthesized dizmond flms have a potential to be applied for high-thermal electronic devices,
such a5 compact-size IC devices withont .heat sink. Based on. the Seebeck-effect analysis, this
diamond films perform as an intrinsic-type semiconductor. The resistivity of the films measured by
high-voltage meter is 1x10:% 0 om. For the 1esistance aftsr hydrogen termination with zn 'operation
time of 5 and 10 min. (Bg: 23, it is found that the resistance of diamond filn: at hizh temperahures is
decreased and without it terminated. 3

n : : ¢ 0 pn

31 4 L—Q——.——Q—‘H'_\ . B 5pm
i

A 10 om

31 4

Resktamce { x10°0hm.)

a4 3”0 l;l’ff ! ;‘} o] paed
Fig 2. Chazactéristics of intrinsic Dizmond Film with Hydrogen Tenmination Times
Regarding the results of di'-amond‘ﬁlmi with hydrogen términation times of 5, 10, 15, and 20 min,
the resistances at room temperature are yeporied in'table 3. ‘
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Ptz
Tabls 3. Resistance (Q) of Dizmond Film= with Hydrogen Termination ":{E.
Time Temperatere o
{min) 500°C 600°C 706°C f‘,-;
5 2.65 % 108 1.82 x 10° 1.36 x 10° =
10 1.79 % 165 1.26 x 10° 8.46 x 10° &
15 1.38 % 10° 8.33 x 10’ 4.46 % 10°
20 1.09 x 10° 5.33 x 10° 141 % 10°
CONCLUSION

Regarding the present work, the Investipation indicated that a synthesized diamond film is of high
resistance (0™ 0} at 30°C, and at high temperature {100-400°C) the resistance is decreszing from
4.04 MO 10 242 MO Regarding the result of bydrogen terminstion, the résistznes is decrezsed by
10%.10% @ a 30°C. Moreover, it was obviouzty showed that the vesistance of dizmond films
decreased with the increasing of hydrogen termination ime and operation temperature.
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