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ABSTRACT

This research presents the synthesizing diamond film on silicon (100) substrate processed
by HFCVD (Hot Filament Chemical Vapor Deposition) in order to produce Schotthy and MSM
photodiode device for detecting X-ray. Intrinsic diamond was synthesized by methane (CH,) on
silicon 23x23 mmz, diamond thickness 7 pm, diamond size 3x3 mm’. Schotthy photodiode device
was constructed by titanium/gold (Ti/Au) which was ohmic junction on the top of diamond and
aluminum (Al) which was Schotthy junction on the bottom of diamond, the leakage current of this
device was 11 nA. Another device was MSM photodiode device. It was constructed by
Aluminum (Al) which was Schotthy junction on the top and the bottom of diamond. The leakage
current of this device was 13 nA. The carriers of both devices were able to move in the vertical
direction to reduce the effect of grain boundaries. The condition of metal line was 12, 9, 6, 3 and
0 lines. The devices were investigated by UV light 32 pW/cmz, the highest photo current of both
device was 12 lines condition. However the photo current of MSM photodiode device was higher
than Schotthy photodiode device 28 nA and 7 nA respectively. Then, the MSM photodiode
device was annealed with 450 °C at 5 min and the lowest leakage current was 8 nA. For
capacitance, the 12 lines condition of MSM photodiode device was lower than Schotthy
photodiode device 50 pF and 187 pF respectively. For the rise time of device, MSM photodiode
device was lower than Schotthy photodiode device 33 ps and 65 us respectively. So the MSM
photodiode device was more suitable than the other one. For investigation of X-ray by Varian
model S-785, the 12 lines condition of MSM photodiode could response the changing intensity of
X-ray at 41 pSv which its output current was 1.3 nA. For indirect expose by scintillator (Barium
Fluoride; BaF,) output current was 0.22 nA. For the expose time of X-ray, MSM photodiode
device was high efficiency at 0.5 s for direct expose. On the other hand, for the indirect expose,

the response of MSM photodiode device could reduce to 0.1 s.
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{ Practical Advantages and Disadvantages
Energy . Thick
Options R - ic
Source ate Dla., R . Imp
um/hr om Bonding | Uniform . én_ Damage Sauces
Thin
Hot W, Rh, Pt, . good to .
Filament Ta -5 210 excellent good t_o High T filament
thick
DC <1 >10 poor good
RF 1 1-2 good fair Thin High e
Plasma _ good to . to | Electrons elevsltarl(l);j ¥
microwave 1-5 2-5 excellent fair thick | and ions
ECR - - poor -
| DC arc 60 1-2 excellent fair High e
Plasma ; electrode,
Torch RF - 1-2 good poor thick Ele;t!'ons walls
microwave 3 1-2 good poor SNe IoNS
. : excellent : ’ : nozzle,
Combustion CoH+0, 20 1-2 to good fair thick High T ambient

t:i ’ 9 1 = 3 o [ s a0
3197 1.4 61UnN1s 1Faua1eaf lddhmsdaneimysszuy cvb veauna lulada

Typical Ranges for Growth Parameters
Energy Ontions (CH4/H, on Silicon Substrate)
Source P ‘Substrate Pressure, H, Flow rate C/H Inert Gas,
Temp, °C Torr slpm slpm
Hot W, Rh, ~ . - o _
Filament Pt, Ta <1000 10-100 0.1-1 <1%
DC <1000 10-50
RF <1000 1-10
Plasma ;i 0.1-1 <1% -
microwave <1000 10-100
ECR 400-600 <10
DC arc
Plasma o
Torch RF ~:1000 500-760 1-5 5-15% >10
microwave "
. 02 Cc/O _
Combustion C2H,+0, 1300 760 5 slpm 97% 1-2
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OPTICAL PROPERTIES

Transmission Range

0.13 to 10 microns

Refractive Index

1.4626 at 2.6 microns

Reflection Loss

6.9% at 2.6 um (2 surfaces)

PHYSICAL PROPERTIES
Density 4.89 g/cm3
Melting Point 1280 °C
Thermal Conductivity 11.72W/(m K)at 13 °C

Thermal Expansion

18.1x 10-6/°C at-100 to +200 °C

Hardness Knoop

82 kg/mm?2 with 500g indenter

Specific Heat Capacity 410 ]/(kg K) at 27 °C

Dielectric Constant 7.33 at 2MHz
Young's Modulus (E) 53.07 GPa

Shear Modulus (G) 25.4 GPa

Bulk Modulus (K) 56.4 GPa

Elastic Coefficients C11 =89.2 MPa; C12 =40.0 MPa;C14=25.4 MPa
Apparent Elastic Limit 26.89 MPa

CHEMICAL PROPERTIES
Solubility 0.17g/100g water at 23°C
Molecular Weight 175.36

Class/Structure Cubic

(111) cleavage
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Tao X fin thickness, A Ao encapsulate the properties of the reaction, B A9 the oxide
layer L2 t 0 time [45]
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A* —> A +hV (photon) (3.5)
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Material Refractive Index

Germanium 4.00-4.10
Silicon 3.42-3.50
GaAs 3.34-2.12

Diamond 2.41-2.44 (656-486 nm)
Sapphire 1.58-1.83
Fused silica 1.40-1.48
Crystal quartz 1.52-1.69
Water 1.33-1.34
Calcium fluoride 1.31-1.51
Lithium fluoride 1.11-1.45
Magnesium oxide 1.62-1.77

4 =4 =3 [~ [ a1
ﬂ]’i’lﬂﬁ 2 ﬂ']iLﬂ5EHJWIEJ'Uﬂ')']ZJH‘UQ‘U@Q'Jﬁﬂ%HﬂW’N‘]

Material Knoop Hardness
(kg/mm2)(298 K)

Diamond 5,700-10,400

Cubic BN 4,500

Boron carbide 2,250

Tungsten carbide 2,190

Titanium carbide 2,190

Aluminium oxide 2,000

Silicon carbide 1,875-3,980

Titanium nitride 1,800

Case hardened steel 800

High carbon steel 400

Copper 40
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m5197 3 MslSeufouanmianuieu

Material Thermal Conductivity (watts/cm-
0C)
Diamond (Type It} 20.00
Boron nitride 13.00
Beryllium oxide 3.70-5.90
Water 5.61
Silicon carbide 4.90
Silver 4.18
Copper 3.80
Aluminium nitride 3.70
Gold 3.11
Aluminium 2.38
Tungsten 1.70
Silicon 1.50
Graphite 0.80-2.50
Tin 0.65
Gallium Arsenide 0.46
Germannium 0.28
Titanium 0.20

13131 4 MisilSewRsuAT Young’s Modulus

Material Young’s Modulus
(x 10** dynes/cm?)

Diamond 1050
Tungsten 34.0
Steel 17.2-20.5
Ferrite 15.0
Platunum 14.7
Copper 12.8
Silicon 11.3
Quartz 7.9-10.7
Gold 7.4-8.0
Silver 7.1-7.8
Aluminium 6.9
Tin 4.1-4.5
Lead 1.4
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MANIN 3.
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TE — Thermionic emission

FE — Field emission

polycr — Polycrystalline sample

PE — Photoelectric effect

165

CPD — Contact potential difference

amorp — Amorphous sample

Element Plane d/eVv Method
Ag 100 4.64 PE
110 4.52 PE
111 4.74 PE
Al 100 4.20 PE
110 4.06 PE
111 4.26 PE
As polycr (3.75) PE
Au 100 5.47 PE
110 5.37 PE
111 5.31 PE
B polycr (4.45) TH
Ba polycr 252, TH
Be polycr 498 PE
Bi polycr 4.34 PE
C polycr (5.0) CPD
Ca polycr 2.87 PE
Cd polycr 4.08 CPD
Ce polycr 2.9 PE
Co polycr 5.0 PE
Cr polycr 4.5 PE
Cs polycr 1.95 PE
Cu 100 5.10 FE
110 4.48 PE
111 4,94 PE
112 4.53 PE
Eu polycr 2.5 PE
Fe 100 4.67 PE
111 481 PE
Ga polycr 4.32 PE
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Gd polycr 2.90 CPD
Ge polycr 5.0 CPD
Hf polycr 3.9 PE
Hg liquid 4.475 PE
In polycr 4.09 PE
Ir 100 5.67 _PE
110 5.42 PE
111 5.76 PE
210 5.00 PE
K polycr 2.29 PE
La polycr 35 PE
Li polycr 2.93 FE
Lu polycr (3.3) CPD
Mg polycr 3.66 PE
Mn polycr 4.1 PE
Mo 100 4,53 PE
110 4.95 PE
T1h 4.55 PE
112 4.36 "PE
114 4.50 PE
B3 4.55 PE
Na polycr 2.36 PE
Nb 001 4.02 TH
110 4.87 TH
111 4.36 TH
112 4.63 TH
113 4.29 TH
116 3.95 TH
310 4.18 TH
Nd polyer 3.2 PE
Ni 100 5.22 PE
110 5.04 PE
111 5.35 PE
Os polycr 5.93 PE
Pb polycr 4.25 PE
Pd polycr 5.22 PE
111 5.6 PE
Pt polycr 5.64 PE
110 5.84 FE
111 5.93 FE
320 5.22 FE
331 5.12 FE
Rb polycr 2.261 PE
Re polycr 4,72 TE
Rh polycr 4.98 PE
Ru polycr 471 PE
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Sb amorp 4,55
100 4.7
Sc polycr 3.5 PE
Se polycr 5.9 PE
Si n 4.85 CPD
p 100 (4.91) CPD
p 111 4.60 PE
Sm polycr 2.7 PE
Sn polycr 4.42 CPD
Sr polycr (2.59) TH
Ta polycr 4.25 TH
100 4,15 TH
110 4.80 TH
111 4.00 TH
Tb polycr 3.0 PE
Te polycr 4.95 PE
Th polycr 3.4 TH
Ti polycr 4.33 PE
Tl polycr (3.84) CPD
U polycr 3.63 PE
100 Bi/B PE
110 3.90 PE
113. 3.67 PE
\Y polycr 43 PE
w polycr 4.55 CPD
100 4.63 FE
110 5.22 FE
sl 4.45 FE
113 4.46 FE
116 4.32 TH
Y polycr 3.1 PE
Zn polycr 3.63 PE
polycr (4.9) CPD
Zr polycr 4.05 PE
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Oxide Thickness

Color and Comments [A]

500 Tan

750 Brown

1000 Dark Violet to red violet

1250 Royal blue

1500 Light blue to metallic blue

1750 Metallic to very light yellow-green

2000 Light gold or yellow slightly metallic

2250 Gold with slight yellow-orange

2500 Orange to Melon

2750 Red-Violet

3000 Blue to violet-blue

3100 Blue

3250 Blue to blue-green

3450 Light green

3500 Green to yellow-green

3650 Yellow-green

3750 Green-yellow

3900 Yellow.

4120 Light orange

4260 Carnation pink

4430 Violet-red

4650 Red-violet

4760 Violet

4800 Blue Violet

4930 Blue

5020 Blue-green

5200 Green (Broad)

5400 Yellow-green

5600 Green-yellow

5740 Yellow to Yellowish (not yellow but is in the position
where yellow is to be expected. At times is appears to be
light creamy gray or metallic)

5850 Light orange or yellow to pink borderline

6000 Carnation pink

6300 Violet-red

6800 Bluish (Not blue but borderline between violet and blue-
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green. It appears more like a Mixture between violet-red
and blue-green and over-all looks grayish)

7200 Blue-green to green (quite broad)
© 7700 Yellowish

8000 Orange (rather broad for orange)

8200 Salmon

8500 Dull, light red-violet

8600 Violet

8700 Blue-violet

8900 Blue

9200 Blue-green

9500 Dull yellow-green

9700 Yellow to Yellowish

9900 Orange

10000 Carnation Pink

10200 Violet-red

10500 Red-violet

10600 Violet

10700 Blue-violet

11000 Green

11100 Yellow-green

11200 Green

11800 Violet

11900 Red-violet

12100 Violet-red

12400 Carnation Pink-Salmon

12500 Orange

12800 Yellowish

13200 Sky blue to green-blue

14000 Orange

14500 Violet

14500 Blue-violet

15000 Blue

15100 Dull Yellow-green
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Nitride Thickness Color and Comments [A]
375 Tan
562.5 Brown
750 Dark Violet to red violet
937.5 Royal blue
1125 Light blue to metallic blue
1312.5 Metallic to very light yellow-green
1500 Light gold or yellow slightly metallic
1687.5 Gold with slight yellow-orange
1875 Orange to Melon :
2062.5 Red-Violet
2250 Blue to violet-blue
2325 Biue
2437.5 Blue to blue-green
2587.5 Light green
2625 Green to yellow-green
2737.5 Yellow-green
28125 Green-yellow
2925 Yellow.
3090 Light orange
3195 Carnation pink
33225 Violet-red
3487.5 Red-violet
3570 Violet
3600 Blue Violet
3697.5 Blue
3765 Blue-green
3900 Green (Broad)
4050 Yellow-green
4200 Green-yellow
4305 Yellow to Yellowish (not yellow but is in the position
where yellow is to be expected. At times is appears to be
light creamy gray or metallic)
4357.5 Light orange or yellow to pink borderline
4500 Carnation pink
4725 Violet-red
5100 Bluish (Not blue but borderline between violet and blue-
green. It appears more like a Mixture between violet-red
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and blue-green and over-all looks grayish)

5400 Blue-green to green (quite broad)
5775 Yellowish

6000 Orange (rather broad for orange)
6150 Salmon

6375 Dull, light red-violet
6490 Violet

6525 Blue-violet

6675 Blue

6900 Blue-green

7125 Dull yellow-green
7225 Yellow to Yellowish
7425 Orange

7500 Carnation Pink

7650 Violet-red

7575 Red-violet

7950 Violet

8025 Blue-violet

8250 Green

8325 Yellow-green

3400 Green

8850 Violet

8925 Red-violet

9075 Violet-red

9300 Carnation Pink-Salmon
9375 Orange

9600 Yellowish

9900 Sky blue to green-blue
10500 Orange

10875 Violet

10950 Blue-violet

11550 Dull Yellow-green
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Luminosity Time Emission
Formula Peak Comment
{photons/MeV) (ns)
(hm)

ALO:Ti 2,300 272%((3(53;2)); <150K
Ba,Ca(BOs),:Ce 5,100 24 a0 |7 Ce;f,/:' S: site +
Ba,Gd(BOs);:Ce 370 313; 418 4% Ce

Bas(PO,)sF:Ce 400 358 CWStaL':'(:,Z EZWde"
BaBr, 19,300 (10 us) 2,200 + slow 425; 475
5,000 (0.5 us); 80 (27%); 490

BaBr,:Ce 10’30(() (10 us)) (22%)(; 2’130 (51%) 345; 370 1% Ce; 1% K

BaBr,:Eu 15,700 (10 us) 585 404

BaBri:Eu 81,000 297(23%); 482(77%) 413

BaCl, 1,700 (10 us) 980 + slow 420; 475

BaCl, 6,000 s (ngf’,})‘) 348 1 300-a00

BaCl,:Ce iy (?1'2 33 R (6326(1)323(;1)%” 349;373| 1% Ce; 1% K
BaCly:Eu 19,400 {10 us) 390 402

assumes 1

BaF, 10,000 620 310 photoelectron per
5 photons
assumes 1

BaF; 2,000 0.6 220 photoelectron per
5 photons
assumes 1

BaF, 9,950 photoelectron per
5 photons
4.4% Ce;

Luminosity 3% of
BaF: 1,300 <ins 229 Inai(T) with Bialkal
PMT
Luminosity 9% of
BaF, 3,900 340; 920 310 Nal{T1) with Bialkali
PMT
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4.4% Ce;
Luminosity 3% of
BaF, 1,400 0.8 1955 220 |\ ay(mi) with Bialkali
PMT
0.12 (15%); 0.78
BaF, (85%)
BaF, 11,000
0, . H H
BaFy:Ce 13,000 47; 260 320 Oiiﬁ;%flz:éggzgy
Luminosity 5% of
BaF,:Ce 2,200 50 360 |Nal(Tl) with Bialkali
PMT
BaF,:Ce 4 (12%); 28 (78%) | 342-358 35% Ce
163 (7%); 573
BaFl 55,000 (81%); 90)5 (6%) 405 5% Eu
BaHfO,:Ce 40,000 25 + slow 400 transparent
ceramic
2,600 (0.5 us); 4,600} 590 (71%); 2,200
Bal; ((10 us)) ( (29;,) SE
0.1% Ce but only
Bal,:Ce 2,600 (10 us) 610 + slow 530 slow SA emission
detected
Bal,:Ce not detected 0.1% Ce
Bal,:Eu 3,800 (10 us) 510 + slow 425
Baly:Eu >30,000 < 1,000 420
Baly:Eu 40,000
Balu,Fg 400 1+slow 313
Balu,Fg:Ce 870 35 + slow 330
BaMgF, 1,000 190; 220
BaY,Fg:Ce 980 46 + slow 329 e Ce-
concentration
BC-408 (plastic) 7,500
BeO 6,500 18 250 15% of Nal(Tl)
Bi,Ge;04; (BGO) 8,200
Bi,Ge;0,, {BGO) 300 480
Bi,Ge301; (BGO) 8,080
Bi,Ge;0,, (BGO) 8,500
Bi,Ge;0;; (BGO) 300 485
Bi,Ge;0;; {BGO) 7,610
Bi,Ges0y, (BGO) 10,600
S ;
Bi,Ge301, {BGO) (3‘8;,)(11?)?())?2;,) 460 crystalline powder
Bi,Ge;0;, (BGO) 7,200 510
luminosity =
Bi,Ge;0,, (BGO) 7,100 average of APD and
: PD values
Bi,Ge;04, (BGO) 8,000
Bi,GesO1, (BGO) 2,000 100 480 1%%%% F:\Z/:;li\é:;d
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105 ave 3.7 (7.5%);

Bi,Ge;0, (BGO) 28.8 (9.6%); 116.8 470
(87.5%)
86 ave 2.8 (7.4%); 0.1% Ce;
Bi;Ge304,:Ce (BSO) 1,200* 27.1(9.2%); 99.8 470 |*luminosity 60% of
(83.4%) undoped
crystalline powder;
. 100 (21%) 300 L
BiBaO,B 2,2 .
iBaO,Br ) 00 (54%) 700 (12%) 500 luminosity 0.27 x
BGO
0 0 crystalline powder;
BiBaO,Cli 6,600 100 (2%) 300 (41%) 491 lJuminosity 0.81x
600 (23%)
BGO
BiF;:Ce not detected
0 o crystalline powder;
BiSrO,Cl 2,000 SOIZE%26035%) 431 fuminosity 0.24 x
300 (14%)
BGO
Ca,YO(BO3)s:Ce 110 390; 420 | crystalline powder
) crystalline powder,
Cas(PQ,)sF:Ce 3,200 354,412 2.5% Ce
CaBPOs:Ce 1,310 19.5 0.5% Ce
. 4 (3%); 14 (5%); 30 y
CaF;:Ce (92%) 318; 332 35% Ce
CaF,:Eu 24,000

Cal; 86,000 550 410
Cal,:Eu 86,000 790 470
Caly:Eu 110,000
Caly:Ti 42,000 1,100 420

291; 309; g
CalaB70;3:Ce 220 330; 360 crystalline powder
CalaB70;3:Eu not significant crystalline powder
Luminosity 90% of
Cawo, 15,000-25,000 8,000 425 CdWoa
1,400 (30%); 9,200
Cawo
At (70%)
CawoQ, 15,800
CaWwQ, 14,400 77K
CaYBO,:Eu not significant crystalline powder
CdF, 170 7.1 520;580
4.8 (29%); 24 (28%); .

CdF, 1100 ( 780243%§ ) 420 |crystalline powder
CdS:In <1 519 fast phosphor
cds:In 0.2 520 fast n-type

phosphor
fast n-type
CdS:In,Te 33 630
phosphor
CdS:Te 17,000 270+slow 640; 580
CdWO0, 27,000 12,000 495
CdwoO, 15,300
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Luminosity 18% of

Cdwo, 7,800 5,000; 20,000 480  |Nal(Tl) with Bialkali
PMT
Cdwo, 8,900 480
Cdwo, 12,200
cdwo, 15,800 13,000 300K
cdwo, 14,340 77K
CeBrs 68,000 17 371
CeCl; 46,000 25 + slow 350
0/\.
CeCly(CHs0H), 16,600 64.4(3%); 1,660 | 3¢,
(7%) '
CeF, 2,400
CeF, 4,400 3;26.5
CeF, 4,000 2:31 310; 340
CeF, 4,000 27 340
CeFs:Lu 8,000 290
CEP5014 4,000
101(42%);
Cs,LiCeCl, 22,000 557(35%); 385, 405
2,900(23%)
Cs,LiLuClg:Ce 7,000 294 370; 410 0.5% Ce
. % Ce; 88,000
Cs,LiYBrg:Ce 24,000 85 (39%); 2,500 179CK; 88
photons/neutron
. 6,535 (1 us); 22,420
LivCl : B
Cs,LiYClg (10 us) 6,600 305
Cs,LiYClg 660 2 250
. 7,000 (1us); 22,00
L Y I ’ r ’
Cs,LiYClg e 7,000
CSzLiYCIG 1,700 4
Cs,LivClace | 2005 (Lus) 18,400 600; 6000 372; 400
{10 us)
Cs,LiYClg:Ce 21,000 35 + slow 490 0.5% Ce
Cs,LivClaCe | 10-200 (us); 21,600 2,800 370 0.1% Ce
(10 us)
o 0.1% Ce; 70,000
Cs,LiYClg:Ce 21,600 Shotons/neutron
>1% Ce; neutron
Cs,LiYClg:Ce peak resolution
2.9%
Cs,LiYClg:Pr 10,000 315 0.2% Pr
140 us (94%); 880
B -
Cs,NaCeBr, 25,000 s (6% 380-466
Cs,NaCeBre 25,000 140(94%); 800(6%) | 377, 400
CSzNaCECIG
9,000 (0.5 us); |61 (32%) 450 (11%)
: . 414 0.5% C
Cs;NalaBre:Ce 17,000 (10 us) 1900(57%) | 024 % Ce
Cs,NatubraCe | 7200 (05 Usk 5,800\, ouon) 350 (35%) | 389; 422 0.5% Ce

(10 us)
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. 0 [+) 0,
cNavBroce |00 (:)1.3 33 9,500[61 (;g/ooz)?é(l) 0(A’z)zm) 385; 420 0.3% Ce
CsiGdylgice | 2% ((Ol‘g t‘; ;‘ 2,600 1% Ce
1,600 (0.5 us); 2,100| 250 (92%) 2,100
Cs3LaBrg ((10 us; ( (8%)) 394
. 0, 0,
CssLaBrg:Ce iéggé(zisoujs)i 46 (;i/gzjz(zggu’) 390; 425 0.5% Ce
CssLuyle 4,000 (?1'3 33 6,600 770 390; 608
| 18 (2%); 42 (6%)
CssLu,l:Ce 12?2'2%% (8'3 ::) 120 (40%); 510 2% Ce
' (52%)
CssLulg 1,200 (?1'2 ‘:3 1,300 390; 608
Csiulgce |00 (?1'(5) 33 1309 429; 471 0.5% Ce
48 (1%); 383 (26%);
CsBa,ls:Eu 97,000 1,500 (68%); 9,900 | 435 7% Eu
(25%)
CsBr 20 0.07 250
CsCaCls 1,400 <1 250; 305
CsCl 900 0.9 240; 270
CsF 1,900 2.4 390
CsF 2,000 29 390
CsGd(PO3)a:Ce 24,400 336,358 CWStaul';’e CpeOWde”
CsGdF7:Ce 7,300 20 + 3,000 325 20% Ce
CsGd,F7:Ce 6,000 ~30 (18%) + 3,000 | 340 10% Ce
CsGd,F7:Pr d-f not observed 2% Pr
Csl
Csl:CO, 39,000 1,760 410;500|  0.1%CO3
Csl:Eu 19,100
Csl:Na 38,000
Csl:Na 49,000
Csl:Na 43,000
Csl:Na 49,000 425
luminosity =
Csi:Na 46,000 average of APD and
PD values
Csl:Tl 55,000
Csl-Tl 61,000
CsI:Tl 980 530
Csl:Ti 56,000
Csl:Tl 56,000
Csl-Tl 57,000 560
luminosity =
Csl:Tl 56,000 average of APD and

PD values




177

. 4.4 (14.1%); crystalline powder;
CsLuP,05:Ce 8,000 19.8(85.9%) - 393 0.5% Ce
CsY,F;:Ce 1,400 32 333 5% Ce
5.2 (16.9%); crystalline powder;
CsYP,0,:C
STFbre 8,000 22.2(83.1%) 393 0.5% Ce
(Gd-Y)3Al5012:Ce . 0
(GYAG) 11,000 90 +>1,000 550 ceramic; 0.5% Ce
Gd,0;:Ce Not detected
Gd,Si,05:Ce (GPS) | 30,000-40,000 46 372; 394 '“G“;'C';o;')t(szG'gx
Gd,Si0s:Ce (GSO) 12,500 56; 600 430
Gd,Si0s5:Ce (GSO) 2,800
Gd,SiOs:Ce (GSO) 7,400
Gd3SC2A|3012:CC . o
(GSAG) 7,500 ceramic, 3% Ce
Gd3Y3AI10024:Ce . o
(GYAG) 16,500 ceramic, 3% Ce
GdAIO;:Ce 9,000 30; 180 335; 358 0.75% Ce
crystalline powder;
GdB;0¢:Ce 200 311 Ce3+ to Gd3+
transfer
GdBO3:Ce 10,000 385; 415 | crystalline powder
28,000 (0.5 us); |20 (26%) 212 (65%)
G 0,
dBrs 44,000 (10 us) 13,500 (9%) T i
GdCls:Ce 38,000 350; 370 1% Ce
Gdl;:Ce 89,000 33 563 2% Ce
45 (70%); 250 1% Ce; 42,000
Gdl;: 4 4 A
3K ol (24%); 2,000 (6%) | °°° | ph/MeV at 600 K
GdOBr:Ce 89% of ZnS:Ag 60 405, 440 | phosphor, 1% Ce
GdOocCl:Ce 75% of ZnS:Ag 36 365,410 | phosphor, 1% Ce
HfF, 300 29 350 |crystalline powder
fi der;
HfO, 31,000 9.500 480 Cry;t;/:";pf;' Yer’
K,CeBrs:Ce 50,000 10% Ce
K,CeCls:Ce 30,000 370
K;LaBrs:.Ce 40,000 (10 us) 50 359; 391 10% Ce
K,LaCls 900 3,700 400 10% Ce
KlaClce | 4%300;22,600(05 80 + slow 347; 372 10% Ce
us)
) 23,000 (0.5 us); . 0
K,LaCls:Ce 30,000 (10 us) 344; 372 10% Ce
_ 53,000 (0.5 us); , 9
K;Lals:Ce 55,000 (10 us) 24 401; 439 10% Ce
O, . O/ 3
K,Lals:Ce 29,000 340; 380 |07 C& iSA in 115
K,YFs 300 1.3 170
K;YFs:Pr 6.900 20 (5%); + slow 240 2% Pr
o/)-
KsLu(PO,), 26,500 34 (8(1];’3/; )1200 390 1% Ce
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KCaF; 1,400 <2 140-190
crystalline powder;
KGd(P0O3),:C 14,100
(PO3)s:Ce , 325, 345 1% Ce
KI:TH 9,700
KLu;F4 270 <2 165
KLuF, 170 1.3 170-200
6.3 (14.9%); crystalline powder;
KLuP,0;:Ce 16,000
7 27.2(85.1%) 394 0.5% Ce
KMgF3 1,400 1.3 140-190.
KYF,4 1,000 1.9 170
. 6.7 (22.6%); crystalline powder;
KYP,0,:.C
207Le 10,000 23.2(77.4%) 380 0.5% Ce
— ' transparent
La,Hf,04:Ti 13,000 10,000 475 ceramic; 2% Tid+
La,0,S:Ce Not detected
La,03:Ce Not detected
La,03:Ce Not detected
LaAlOs:Ce Not detected
. ) crystalline powder;
LaB;04:Ce 7,700 300; 320 0.05% Ce
LaBO;:Bi 800 365
LaBO;:Ce 600 355; 380 | crystalline powder
42,000(0.5 us); all entries for x =
LaBri.glw: %); 7 ;
aBrelu:Ce Arpsnmin 31{70%); 244(30%) | 400; 434 | “ o Ve
55,000(0.5 us); all entries forx =
Briagly: H
LaBriaqhy:Ce 58,000{10 us) e3 472;5001 1 5 and 5% Ce
L 22,000(0.5us); . all entries for x =
LaBrisliCe 22,000(10 us) T 460:3101 5 25 and 5% ce
LaBr3:Ce 61,000 30 356; 387 0.5% Ce
; i . 0
LaBrs:Ce 73,000 Sigd-76 mm; 5%
: Ce
LaBr;:Ce 74,000 375 10% Ce
5% Ce; luminosity =
LaBr;:Ce 75,000 average of APD and
PD values
LaBr;:Ce 68,600
LaCeFg 4,500
LaCl; 34,000 3,480 400
LaCly:Ce 49,000 25 + slow 330; 352 10% Ce
LaCl;:Ce 48,000 350 5% Ce
10% Ce; luminosity
LaCl;:Ce 50,000 = average of APD
and PD values
LaCl;:Ce 40,900
LaF;:Ce 2,200 3;26.5 290; 340 10% Ce
LaF;:Nd 2,000 6.3 173 0.03% Nd
LaF;:Nd 270 173 10.6% Nd
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luminosity 16,000

Lals:Ce 200-300 1-2 452; 502 | photons/MeV at
100K
crystalline powder;
LaM : ;
aMgB;0,,:Ce 1,300 310; 317 0.05% Ce
LaOBr:Ce 38% of ZnS:Ag 38 460 phosphor, 1% Ce
LaOCl:Bi 1,600 345
LaOCl:Ce 4.3% of ZnS:Ag 100 435 phosphor, 1% Ce
Li,CaSi0,:Ce 7,800 27.0 0.5% Ce
lvClgce 22001 “jl‘)6185 (101 250,2,300 |360;385
Li;Gd(BO3)3:Ce 14,000 385; 415 | crystalline powder
LigY(BOs)s:Ce 1,200 388; 419 | crystalline powder
LiBaF; 1,400 0.8 190; 230
LiBaF; 1,600 6,000 300
LiBaF; 1,200 0.8 187; 225
LiCaAlFg:Ce 50 280 6 ns rise time
LiCaP0O,:Ce 5,900 25.5 0.5% Ce
. i crystalline powder;
LiGd(PO3)4:Ce 2,600 310, 329 1% Ce
LiGdCl, 36,000 3103; 65(;)40; crystalline powder
. [ . crystalline powder;
LiGdCl,:Ce 64,600 33 345; 365 20 % Ce
Lil:Eu 15,000 475
Lil:Eu 1,200
LiYSiO,4:Bi 350
(Lu,Y),Si0s:Ce
2 42
(LYSO) 7,000 5
LU(z_ZX)Gd(Zx)SiOSZCE .
=Qt |
(LGSO) 20,000 x=0.037 in crysta
LuGd1.l3:Ce 78,400 29 540 x=0.7; 2% Ce
LugyY1.ls:Ce 68,100 28 522 x=0.7; 2% Ce
LU1_3Yo_zsi05:Ce
(LYSO) 34,000 41 + slow 397
Lu;0s:Ce Not detected
Lu,05:Ce Not detected
Lu,S3:Ce 28,000 32 592
Lu,Si,07:Ce (LPS) 23,000 30 380
Lu,Si,0;:Ce (LPS) 26,000 38 378
Lu,Si;,04:Ce (LPS) 9,600 ‘ 0.25% Ce
luminosity =
Lu,SiOs:Ce 28,000 average of APD and
PD values
Lu,SiOg:Ce (LSO) 33,000 40 420
Lu,Si0Os:Ce (LSO) 27,300
Lu,Si05:Ce (LSO) 27,000 40 420
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risetime: < 50 ps

Lu,SiOs:Ce (LSO) 7 (1%); 38.8 (99%) (88%]); 350 ps
(12%)
Lu,Si0s:Ce (LSO) 29,000 425
Lu,SiOs:Ce (LSO) 26,000
Lu,Si0s:Ce (LSO) 22,200 0.02% Ce
LUZS('SS-"(‘)C)E/ Ca 25,400 0.1% Ce; 0.1% Ca
Lu,SiOs:Pr 2,200 + slow 26 247
Lu,SiOs:Pr,Ca 68 i;?i’);iif 0.2% Pr3+, 0.1% Ca
Lu3Al;04;:Ce (LUAG) 12,500
Lu3Als0;,:Ce (LUAG) 5,606 510
LusAlsO43:Pr 17,000 21 310 0.14 % Pr
LuzAlsO45:Pr 16,000 26 308 0.25% Pr
Lu3Als04,:Pr 20,000 20 (68%); 455 (32%) 0.25% Pr
o\
woar | tec0 | TS T ag
LusAlsO45:Pr 12,400 1% Pr
LusAlsO4,:Pr 19,000 20 310
LuAlO;:Ce (LUAP) 11,400 16.5; 74 365 0.105% Ce
LuAlO;:Ce (LUAP) 9,600 11; 28; 835 390
LuAlO;:Ce {LUAP) 11,300
LuAlO;:Ce (LUAP) 20,500 179 365
LuBO;:Ce (Calcite) 1&?50(?13 33' 5% Ce
LuBO;:Ce (vaderite) 3 (?12 EZ;' a0 5% Ce
LuBO;:Pr (Calcite) #,200 (?13 32;' 7480 1% Pr
LuBO4:Pr (vaderite)| 29° (?1'3 ‘:3 L1 1% Pr
LuBr;:Ce 26,000 32 + slow 0.76% Ce
LuCl;:Ce 6,600 46 + slow 0.45% Ce
31 (69%); 400
Lul;:Ce 50,000 (15%); 3000 (16%) +| 475; 520
slow
decay time
Lul;:Ce 50,000 23-31 474 depends on Ce3+
concentration
Luly:Ce 79(:3’,(())%(()) (((:)L.g ::)' complex 540 5% Ce
Luls:Ce 79%,%%% (8'3 :ISS)’ complex 540 5% Ce
Luls:Ce 115,000 28 522 2% Ce
LuOBr:Ce 403,432 )
weak x-ray
LuOCl:Ce luminescence

reported
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LuPO,:Ce 17,200 25 360
crystalline powder,
Gd(PO;),:C 21 . ;
NaGd(PO3)4:Ce ,000 12.4 313; 332 2 5% Ce
crystalline powder;
NaGd(P0;),:C
aGd(PO;)4:Ce 11,100 314,333 1% Ce
NaGdCi4 2,400 3053;63545; crystalline powder
crystalline powder;
G : ;
NaGdCl,:Ce 39,400 26 350; 370 20% Ce
Nal:Tl 45,000 415
Nal:Tl 43,000
Nal:Tl 415
Nal:Tl
Nal:Tl 44,000 415
luminosity =
Nal:Tl 45,000 average of APD and
PD values
77K, 14% FWHM
Nal(pure) 80,000 60 ns for 122 keV
gammas
Nal(pure) 77K, 50,000 ns
P peaking time
\ 5.5 (17.7%); crystalline powder;
NalLuP,0;:Ce 6,000 20.4(82.3%) 370 0.5% Ce
2.9 (41%); 20 (32%); .
’ ? d
PbCl, 230 179 (27%) 500 crystalline powder
PbCl,:Gd 1,350; 6,200 0.1% Gd; 173K
Luminosity 16,000
PbCO; 760 5.6; 27; 155 475 photons/MeV at -
40C
11,900
A 2 o). o/ Y. ’
PbCO4 680 g | 29/;)2910/5)(69@’ 432; 465 | photons/MeV at -
> 120C
PbFCI 1,700 . 4;35 392; 420
Luminosity 68,500
PbSO, 4,900 1.8; 19; 95; 425 335 photons/MeV at -
145C
PbSO, 10,000 1.85; 14.5; 125-150| 340; 380
7.2 (21%); 35 (32%);
PbSO, 104 (39%); 656
(5.5%)
PbWO, 200 6 420 QRT
2.5 (25%); 11 (29%); .
! d
PbwWOQ, 300 98 (46%) 490 crystalline powder
PbWO,:Pr 250 2,000 480, 620, 1% Pr
640
PrBrs:Ce 21,000 8+22 365; 395 20% Ce
PrFs 510 394
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Rb,CeBr; 34,000 >6.1 (9(?1..82‘{;))), 3299 390.5
Rb,LiYBrs:Ce 23,000 42 (iygg 01?704&/20)3 )| 3g5; 420 0.5% Ce
RbCl 1 190
RbF 1700 13 203; 234
RbGd,Br;:Ce 56,000 45 430
RbGd,Bry:Ce 56,000 43 410 9.8% Ce
6.3 (23.2%); crystalline powder;
RbLUP,0,:Ce 1,300 " é(7 6.8%2) 393 | oo ‘(’:e
8.8 (14.8%); crystalline powder;
RbYP,0,:Ce 7,000 27.85(85.2‘%2) 303 | 0.5% ie
ScBOs:Bi 300
ScBO;:Ce 6,500 385; 420 | crystalline powder
Srs(PO,)sF:Ce 340 342 CryStag'Srl/eo EZWder'
SrBr,:Eu 25,000
SrF,:Ce 4 (24%); 30 (76%) | 340-350 35% Ce
SrHfO5:Ce 40,000 42 + slow 410 {ransparent
ceramic
Srl, 38,000 560
Srl,:Ce/Na 16,000 27 (25%); 450 (75%)| 404; 435 0.5% Ce/Na
Srl;:Eu 90,000 1,200 435
Sri;:Eu 40,000 430
Srl:Eu 120,000 1,200 435 5% Eu
Srly:Eu 115,000 1,200 435 6% Eu
429 (0.5%
Srl;:Eu ((z'lsg/;’EEuu); 1998 Eu); 436 | crystals <1 cm”3
(10% Eu)
Ta,Zn30g 1,130 385 crystalline powder
ThBr, 405
ThCl, 345
TIC}(Be,l) 1,000 200 465
Y,03 15,480 28 370 36% of Nal:Tl
Y,05:Bi 410
Y,03:Ce Not detected
Y,05:Ce Not detected
Y,Si0s:Ce (YSO) 9,200 42 420
Y,Si0s:Ce (YSO) 24,000
Y,SiOs:Ce (YSO) 23,400 0.10% Ce
Y,SiOs5:Ce/Ca (YSO) 21,200 0.10% Ce; 0.10% Ca
Y,WQg:Bi 1,600 515
Y;3Al;045:Ce (YAG) 11,610 100 260 27% of Nal:Tl
Y;Al0;,:Ce (YAG) 16,700
Y3Als04,:Ce (YAG)
Y;Al;04,:Ce (YAG) 119 + slow 300; 550 | crystal; 0.1% Ce
Y;AI50,;:Ce (YAG) 85 + slow 550 ceramic; 0.5% Ce
Y;3AlsO45:Pr 16,000 14 320 0.25% Pr
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Y;Al;045:Pr 8,000 18 (80%) + slow | 300-400
YAl3B,04,:Bi 290
YAl;B40;,:Ce 5,700 344; 367 | crystalline powder
YAIO;:Ce (YAP) 16,200 27 347
YAIO;:Ce (YAP) 21,600
YAIO;:Ce (YAP) 18,000
YAIO;:Ce (YAP) 20,100 24.2 365
YAIO;:Ce (YAP) 15,900
YAIO;:Ce (YAP) 26 (90%); 67 {10%) risetime: 240 ps
YAIO;:Ce (YAP)
YBa3BqOsg 1400 27 400
YBO;:Bi 1,000 328
YBO;:Ce 10,000 390; 415 | crystalline powder
YCl3:Ce 4,500 390; 410 1% Ce
Yl3:Ce 98,600 34 549 2% Ce
YMgBs04p:Ce 330 305 crystalline powder
YNbQ,:Bi 465
YOBr:Ce 61% of ZnS:Ag 65 405, 440 | phosphor, 1% Ce
YOCI:Bi 1,400 400
YOCl:Ce 52% of ZnS:Ag 34 365, 405 | phosphor, 1% Ce
YOF:Bi 330
YPO,:Bi 700 342
YVO,:Bi 4,500 559
fast n-type
Zn0:Ga TR P phosphor, :;s?etime
(65%)
<40 ps
Zn0:Ga <1 385 fapyin-type
phosphor
crystalline powder;
Zn0:Ga/H 9,700 0.8 389 luminoisity 54% of
YAIO3:Ce
ZnSe:Te 55,000 50,000 645
ZnSe:Te 28,300 610
nWO, 9,300 20,000
ZnWO, 21,800 480
ZnWOQO, 700; 7,000; 25,000
1,000; 4,000;
ZnWOs 25,000
ZnwWQO, 7,170 24,000 300K
ZnWQ, 8,460 77K
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MARNUIN 9.

o
maninlslumsnaass

1. %ol IUPAC : Sulfuric acid

ﬂ!ﬂﬁﬁﬂﬂ : Sulfuric acid

=Rh.

%ﬁ'eagw] : Oil of vitriol; BOU; Dipping Acid; Vitriol Brown Oil; Sulfuric; Acid Mist;
Hydrogen sulfate; Sulfur acid; Sulfuric acid, spent;
gnsluana @ H,S0,

Qmamﬁmamamwuazmﬁ (Physical and Chemical Properties)

anue R TGRIVTob) a S

2 B 2

nau - Tufindu wu. Jwaga : 98

aafen (°C) 1276 QavaeNMadAienuda (°C) : -1 - (-30)
ANNENs UL G =1) :1.84

anuvuule @ma=1) :3.4
ANNHHA (mPa.sec) 1269
anuaule (wa.lsen) :0.001 9120 °C
: ::' w g’ Sld' o]
anumInselumsazaehnmivi00 na)  : azawiildn 20 °c
anuunsa-a1epH) : -
gaaldCo) ;- gagnaninlae®c) : -
" a v !
HONITNUADANUINADN (Environmental Impacts)

E4 14 b4
9 a 1 1 o o a
- WNTRAIgUNaIu ‘Ll'lli?fﬂ w’?eﬂu

2. Youil ITUPAC: Hydrogen dioxide

A A . .

Yorndina 1l : Hydrogen peroxide; Hydroperoxide

%ﬁ'aa%uq : Peroxide; Albone; Inhibine; Perhydrol; Peroxan; Oxydol; Hioxy; Dihydrogen
dioxide; T-stuff; Superoxol; H,0,; Hydrogen Peroxide, 30%

gasluanga @ H,0,
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qmauﬁmamﬂmwsmzmﬁ (Physical and Chemical Properties)

anus : YDAUNA a lufid

ndu - U wi. g :34.0

gaaen (°C) 1100 gavaemmagaibienuds (°C) :-11.1
AN TN (*j1 =1) : 1.00

anuvuniile @ma=1  :1.2
ANUHHA (mPa.sec) :-
anuaule (uu.1sen) 59125 °C

@ ’ Iy »
ANMNEINsaluMIaznN@iN100 ¥a.)  :azawii1 1dn - ©

C
[=] 1
anuiunsa-aapH) : -
ganulCo) ;- gagnan W ldes°c) : -
. r y
NanIzNuasaIINasl (Environmental Impacts)
9 n" ! :’ ;’ a A A
- mummqsw‘um HUUNS HTDAU
[ a 1 =Y 4 a ar Y] a [ 4 ]
- hluﬂ@iﬁlﬂﬂﬂﬁﬂiZﬂﬂﬁﬂig‘ﬂ‘ﬂunﬁuﬁ'lﬂiJﬂTiGl"laf}LLﬁZﬂ'lii]ﬂﬂ1iﬂ'1JWﬁﬂﬂﬂ!°l’l'ﬂEJ'l\3

WMuzay

3. oIl TUPAC: Hydrofluoric Acid

‘#ﬂlﬂﬁﬁ'ﬂﬂ : Fluorhydric acid or Fluoric acid

%aﬁmguq : Hydrogen fluoride; Etching acid; HF A; Fluorohydric acid; Fluoric acid;
Antisal 2B; Deuteriumfluoride;

gasluana  :HF

ANENDANINMENNUAZIAN (Physical and Chemical Properties)

aAOIUE : Ay a Clund

naw U ww. lwana  :20.01

gaea (°C)  :20 gavaemmagaitenuds (°C) :-83
ANV U (151 =1) : 1.0

anunuuninle @ma=1) :07

ANUNIIA (mPa.sec) -

anudule wa.ilsen) £ 760 1 20 °C
mmmmstﬂummzmu‘&rﬁ(a‘%’u/l00 ua)  : lddwn

anuilunsa-mapH) : -
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gan(°c) : - gagnanlWlaes°c): -
' A v .
HaNISNUABaIAAdY (Environmental Impacts)
3 bl ¥
- fhwisasgszunii dude iedu
[ K] 9 a ] a 4 a 9 [ L) a  w ¢ ot
- lLinsldifanansenudeszuvilnmi  windns lduazdanistunanducios

Moy

4. %013l ITUPAC : Ammonium fluoride

Foanal : -

A
Y A

9NBIDU : Neutral ammonium flooride

h.

gaslana  :NHF

Qmauﬁ’?mnmﬂmmmzmﬁ (Physical and Chemical Properties)

AU - WAn a LU

nau ity uu. Twaga  :37.04

gaaen (°C) ;- yavaemadakionud (°C) : -
AI19299 UM (fvn =1) -1.015

anunkule @ma=1) -

ANNNA (mPa.sec) or

anuaule (uw.asen) re

: A W :’ vt (o]
anumunsalumsazaerhn(mivioo wa)  :azaohldn - °c
o v a fo)
anuilunsa-arapH) : 6 11 20 °C
a0 1W(°C) : - gagnfalvlites®o): -

' a v .
HANITNUABTININADBN (Environmental Impacts)

5. %‘emﬁ IUPAC: Orthophoesphoric acid
#B!ﬂﬁf]&ﬂﬂ : Phosphoric acid
‘f}'aﬁlﬁ)qgu 9 : White phosphoric acid; Orthophosphoric acid; Sonac; Phosphoric Acid
gaslmaga  :H,PO,in H,0
qmauﬁ“ﬁmamﬂmwsmzmﬁ (Physical and Chemical Properties)
aoue - YDUNAD a e ladid

pau - laifindu i Ju@ga  :98.00
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qauden (°C) 158 aavassmaaienuda (°C) :21
ANNDDUWIE 31 =1) :1.69
anuvndule @ma=1) :34
AN (mPa.sec) -
anuaule (uuasen) :0.0285 11 20 °C
5 A W g v o
AnummsaluMsazmmiiaiwico va)  :azaiwthlan - °c
o ’ a 0
anudlunsa-mapH) : 1.5 71- °C
galdCo) : - gagnan i ldes®o) : -
HANIZNUADTUIATDN (Environmental Impacts)
b4 v Ed
- Awsasgunaniy dude vieau

yd @ A a [ :’
- ﬁWiﬁLﬂuﬂu@ﬁWU@@ﬁﬂlnﬂgﬂﬂ ﬂ?iﬁﬂl%LﬂU’JﬂUH“LﬁZ@TﬂTﬂ

6. Bownil IUPAC: -

#?Jmﬁ‘fl;’ﬂﬂ : Chromium trioxide

#eﬁmguq : Chromium anhydride; Chromium (VI) Oxide; Chromic Anhydride; Chromic
Trioxide; Monochromium Oxide;Chromium (VI) Oxide (1:3); Chromerge; Chromium (VI)
trioxide; Chromium oxide; Monochromium trioxide;Chromium trioxide (CrO3); Chromium
Oxide (Chromic Anhydride);

gasluaga  : Cro,

f}ﬂ!ﬁ&l‘iﬁﬂ]dﬂ]ﬂﬂ]ﬂlmzlﬂﬁ (Physical and Chemical Properties)

< = 9
a0z YO G : iy
a s a
nau - Taifindiu uu. Jaga 1 99.99
gaden (°C)  :250 yanasNmaIgatienuda°c) : 197
AN UL (31 =1) :2.7

anunmivle @ma=1) :34

» .
ANUNUA (mPa.sec) -

anudule (usen) c@n 91 - °c

=h.
@)

anuaEInsalumsazaeinN(m3u/100 Na.) ;63
anuilunsa-a1epH) : <-1 720 °C

aanut (°c): - gagnAaivlldes®o) : -
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' a v .
HONISNUADAUINADN (Environmental Impacts)
- Fanedougnimadenio iWemsialisa lnagau
‘;1 9 ) :’ Ya 42 dq.l 1 :’
- astzgnrzdnasginldau emsaiia lvagih
9 [} J
- il limmnsomaldiezszmela demaniis Inageinst
=) d’ 9 13
- msalazmdoudieligsuussenst

- =1
¥ound IJIUPAC : Ammonia

N

yorndill : Ammonia; Anhydrous

A 4 . . . .
mﬁ'mew] : N-H; Ammonia, aqueous~Ammonia, solution; Ammonia
gasluana  : NH,

qmam']’?mnmamwuaxmﬁ (Physical and Chemical Properties)

qaoIUL - e a Clusig

nau LY uu. Jwaga  :17.031
geuaen (°C)  :-33.35 gavavmad/aienuds (°C) : -77.7
ANV UNIE (131 =1) :0.6819

anunkyle @A =1) :0.579

ANUHilA {mPa.sec) e

anuaule un.dson) 5900 #1 20 °C
anueuIselumIazaEiin3/100 ) azai1187 - °c
anuilunsa-arapH) : 11.6

3oy : - gagnaa lllaies(°c) : 651

HansENUABAUINABY (Environmental Impacts)
(3K a 1 = 4 a [ o a o d s
"luﬂa"lﬁmﬂwaﬂszwmaiz‘ununﬂu ‘HTﬂﬂJﬂ"I'iiglsf‘LLﬁ&’fﬂﬂﬂ"lﬁﬂ‘ljwﬁﬁﬂﬂlf‘ﬂi’)ﬂ'l\i

MUSoYy

8. Yol IUPAC : 1,2-Ethylenediamine

.

Foradinaly : Ethylenediamine

[ v
S Y A

TONDIDU 9 : 1,2-Ethanediamine; 1,2-Diaminoethane; Dimethylenediamine; EDA; EN;
Ethane-1,2-diamine; Betaaminoethylamine;Diaminoethane; Ethanediamine; Ethylene diamine ;
Ethylene Diamine

gasluana  : H,NCH, CH,NH,
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Qmauﬁmamﬂmmmmﬁ (Physical and Chemical Properties)

CONIE : YBUNA) a Tl

ndu - ndnouou Tuily w Taga 1 60.10

gatien (°c) 1117 yavavmavgadenude (°C) : 8.5
AINO UL (131 =1) :0.897

anumsule @ma=1) :2.07

AU (mPa.sec) -

anuaule (uu.sen) :10.7 7120 °C
5 A @ 3, v (o]
ﬂ'ﬂNET]?J’ISiﬂuﬂ]iﬁ%ﬂﬁ]ﬂu]‘n(ﬂiull00 ua.) 4 ﬁzﬁ'lﬂu'lllﬂ'ﬂ - C
anuilunsa-mapH) : -
anulnc) : 34 gagnaallldies (°c) : 385
NaNIENUADTUNIARDN (Environmental Impacts)
k4 b4 b
Aunsasgsyuui dudo vieau
9. Yol IUPAC: 1,2-Benzenediol; 1,2-Dihydroxybenzene
Yol : Catechol; O-Benzenediol
¥oriosou 9 : Pyrocatechin; Benzcatechin; Catechol-pyrocatechol; 1,2-Dihydroxybenzene
(Catechol) 3346 NJRTK NO
gasluaga  : C-H,-O,
@mamﬁ’ﬁmamﬂmwzmzmﬁ (Physical and Chemical Properties)
o =< = 1A
(3130} 25+ : VBN, NN (3§ k llil?JfT
pau - uu. lwana  :110.12
2 o & s O
‘i‘l‘ﬂlﬂi’)ﬂ( C) :245 ﬂﬂﬁﬁﬂu!ﬂﬁﬁllﬁ!ﬂ!ﬂ@ﬂ!ﬁl\‘l (O 104
AN UL G =1) - 1.371

anunumule @ma=1) :3.8

ANUKHA (mPa.sec) i -

anuaule u.sen) 1475 °C
amemnselumsazmei 100 ) : 457 20 °C
amuilunsa-aapH) : -

o) : 127 gagnan Il ldes(°c): s10
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v q’ ¥ .
HaNITNUABAIUNARON (Environmental Impacts)

¥ S ' :’ :’ a A a
ﬂ’liJVNﬁGEZSZU‘UU"I WUTY HIioau

10. ‘Téamﬁ IUPAC: Potassium hydroxide

Fownilihl -

éeﬁ'ﬁngu 9 : Potassium hydrate; Caustic potash; Lye; Potassa; Caustic potash, liquid
gasluaga  :KOH

P

Qmamﬁ?mnmﬂmwamzmﬁ (Physical and Chemical Properties)

LT LU i e

nau  hisinfu uu Twaga 1 56.1

g (°C) 1324 yavavmayaitientds (°C) : 361
Anugasd e (i =1) :2.044

anunuuile @wma=1) -
ANNHHA (mPa.sec) ]
anunule m.ilsen) :19120°C
> e, o) J y 4 o
anNansalumIazaihi(m3w100 wa.) : 110 azanoi1df 25 °c
anuilunsa-arepH) : 13.5 1 20°C
aamull(°o): - gagnalnlldesCo): -
' A v :
HaNIZNUABAWINADN (Environmental Impacts)
b4 ¥ 3
- Wwnsasgszurih dude nisAu
dy [~ @ v A 9 [ o) = VA Aaa 2’
- msionaludunsenedauinden s e nvaulutuiirude 9530 1w DI

dy 1 o o o A = ~ = & o ' 9
- msmzmwamﬂuaumm UBTIN ﬂmﬂaﬂuuﬂmwm% lli]‘ﬂﬁﬂﬂﬂii]ulmdluﬁﬂWW

R
NIIDIN

[ v
fluRuaodafidIinlui DI LC50 : 10 mg/1/96 hr.
A o
11. Yo IUPAC: TMAH
12. ‘ﬁ’e)!ﬂﬁ IUPAC: Trichloroethene

Fowndinaly : Trichloroethylene; Ethinyl trichloride; Acetylene trichloride; Ethylene

trichloride; Triciene; 1,1,2-Trichloroethylene; Tri; TCE; Tri-Clene; Trielene; Trilene; Trichloran;
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Trichloren; Algylen; Trimar; Triline; Trethylene; Westrosol; Chlorylen; Gemalgene; Germalgene;
1,1,2-Trichloroethene; 1-Chloro-2,2-dichloroethylene; 1,1-Dichloro-2-chloroethylene;
fiev’w’m%‘uq ¢ 1,2,2-Trichloroethylene; Anamenth; Benzinol; Blacosolv; Blancosolv;
Cecolene; Chlorilen; Chlorylea; Chorylen; Circosolv; Crawhaspol; Densinfluat; Dow-tri;
Dukeron; Fleck-flip; Flock flip; Fluate; Lanadin; Lethurin; Narcogen; Narkogen; Narkosoid;
Nialk; Perm-a-chlor; Perm-a-clor; Petzinol; Philex; Threthylene; Triad; Trial; Triasol; Triklone;
Triol; Tri-plus; Tri-plus m; Vestrol; Vitran; Trieline

gaslwana  : C,HCI,

Qmamﬁmamﬂmwuazmﬁ (Physical and Chemical Properties)

aOU - YBUNAD & - o ufid

nau - AR 1601503 wu. Tana  :131.39

gaen (°C)  :87.2 yanasumaygaEenuds (°C) : 86.4
AINHT UL (131 =1) : 1.476

anurvwdile @ma=1) :4.54

ANUHIIA (mPa.sec) :0.55

anuaule @iisen) 6071 20°C

anuannsalumsazme (w100 sm) 0.1 9 25°C

anilunsa-mapH) : -

ganuin®c): -20 gaandnldllawe®°c) : 410
wansznudaéaumé’au (Environmental Impacts)

- Sufivdoreaialush I

. T a a v a s :’
- m%ﬂaiﬁ'mﬂwamﬂmsxuuunﬁumﬂm

13. ¥ownil IUPAC: 2-Propanone
. ‘ﬁvﬂmﬁﬁzﬂﬂ : Acetone; Dimethyl ketone
#aﬁgqguq : Methyl ketone; Ketone propane; Dimethyl formaldehyde; Beta-ketopropane;
Pyroacetic ether; Propanone; Dimethylketal; Pyroacetic acid; Chevron acetone
gaslwanga  :CH,O

QMANTAMIMaNWuazadl (Physical and Chemical Properties)
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AU : YBINAY a o 1uTd

nau - AdeTun ww. Jaana  :58.08

aathen (°C)  :56.5 yavaemmagationuds (°C) : -05
Anuges L 6i1 = 1) :0.79

anummivle @ma=1 -

AN (mPa.sec) :0.32

anueule walsen) 400 7 39.5 °C

¥ v b4 v
AnuannsalumsazmesnimIwi00 va)  : azaeninldhi 20 °c
anuiunsa-arapH) : -

00Oy : 20 yagnialvllawea®c) : 465

HANIZNUADAIAGBN (Environmental Impacts)

foyamativeine : Funadengnimudomoiios Inagau

v 3’ )
amsiimaizameimedIne Iddedies Inagau

dy . 9 1l 3' Y d'i o e
mstimadezgneeieasgihlddu iesa lnagau

d’l [ T =4 4 o ] ey
mstimahezlimssziveaesinga iesa Inagih

¥ ) 'y ¥
mstfimaingaasdimedine Idhedie s Inagi

LY
F15HMA9E M T SMepe1952a15 )

dyd ] r = QJI s :’ 1
msflamdulseinia Log vasdenmusanuiiniesni 3.0

dy T 9 Q. AdAa Y d'i u'/ 1
nsiiansomaldhesazaudeliiin1f s Inagernn

dy ar Y o ann 7 o aa d’ =Y anan
mstlwgmateds ldhunanlaeinlgisedums leasenda isda Mifannlgasen
e des nadeina

dy @ as I's 9/ A @ 1
mstizaaedilaemsdunngviuasidunmadios Inagerns

v
MsimaNgIvITaeIennUI M lane Iaeildifanisanasneunuuitlon

o) =N v oa 9

ANUUNYADFUIAADY -

d’, ] 91 [~ = '\ A ada ey
a5 lennsamaldneziluiynedeid5a luiii DI
annuguduimnddaimeniidesas 50 Lcso nwlu 96 42 Tusdiaiuinnsn 1-100

UaanTuaeans

14. Wo1nil IUPAC : Nitric acid

ol .-
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%eﬁ'@qguq : Hydrogen nitrate; Azotic acid; Rfna; Aqua fortis; Fuming nitric acid; Red
fuming nitric acid; Nital; Nitryl Hydroxide;Nitric acid red fuming; Nitric acid, other than red
fuming;

gaslmana  :HNO,

Qmauﬁ’ﬁmamnmwuﬁxmﬁ (Physical and Chemical Properties)

aouz : A15AZAY a - lind

nau : U i lwaga £ 63.01

qauden (°C) :83 ganaemadgatenud (°C) : -42
anwgasdumz Gh=1) 1 1.5

anuniule @ma=1) 22

ﬂ’J“l‘mfiﬁﬂ {(mPa.sec) 8=

anuaule @u.dsen) -43720°C
amEanselumsazaemifieiroo ) < - °C
anudlunsa-a1apH) : -°C

gawll(°o) : - gagnia W lde®c) : -

NNz NUADAUNAABN (Environmental Impacts)
[ Y a 1 =3 L4 = 9 [ o a o I'd ]
- lineldiRanansznuasszuuinl  ninslduazian1sNuNaAN UMY

S PUSHAS Y]

15. ¥o1A3l IUPAC : Hydrochloric acid

yorndnaly : Hydrochloride

#aﬁmguq : Muriatic acid; Chlorohydric acid; Spirits of salts; Hydrogen chloride (acid);
Hydrogen chloride; Hydrogen ChlorideGas only

gashwana  :HCI

qmamﬁmqmamwuﬁzmﬁ (Physical and Chemical Properties)

e - UMD, M a ludia

nan ;U . e :36.46

gataea (°C) 53 ganasumaaEanuda (°C) : 745555
ANND DU (131 =1) :1.18

anunuusile @ma=1) 13

ANNNHA (mPa.sec) - 0.0148
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anuaule ualsen) £ 190 # 25 °C
m1ummssﬂummza12113137;(n%'u/100 wa) :oazawlddi-°C
anilunsa-aspH) : 9 -°C
ganuldCo): - yagndalWldes°c): -
Nﬁﬂi:ﬂﬂﬁfﬁ)a’x‘iu’mé’au (Environmental Impacts)

- e Inansgiumahmsiez ifansamesamdanm Lmzmsf':@iagﬂﬂﬂfﬁu
dhgundaildan’d

- gifedeltiRnsuasiodedeliitafiewdeluii bl viAasunsvainns

nlasumlasnfiey

¥ b4 b4
- Hwhessgszumiiude vieau

a ar I's [ v LY
Yoyainodtety nsldalse Towd (Uses), dunsionogunimoutio (Health Effect),
ANUAAMAZMIAALYNTo1 (Stability and Reaction), MItAadaAANULAZMIszIA (Fire and
. = A g 4 1 . o a
Explosion), M3NUSNET / aa1miny Andeudie/vuds (Storage and Handling), M3Adansdl

o 3 P4
5211 (Leak and Spill) tagnsilgumeinia (First Aid) ewnnsaridoya lanadu lam

mical Data Bank

http://msds.pcd.go.th/index.asp

= o

msﬂ&jﬁ’ﬁnsmmmu (Emergency Response)

L)

e nsdigniAuldsalduinmisszuuiduinsdeyanmssziugliaseninaisiaiini
o o 1 a Y4
TnsAnsinsomeonIu AVERS Ainanoas Insdna 1650
¢ ApsmsnsuswaziBoaiudullsafade nosdansaisduasiouazninvouiy

ATNAIUANNANY 1N3. 0-2298-2447 ,0-2298-2457
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MANUIN L.

=Y d
NATUNTATHN

I'he EECON-30 Conference Joins the Eighticth Birthday Anniversary

Celebration of His Majesty the King Bhumibol Adulyadej

30 'Electrical Engineering Conferenc,e
n1sils: ﬂN?ﬂqnﬂﬁﬂﬂﬁ%ﬂQﬂﬁﬁml‘NW’l ﬂﬁ\ﬂ‘VI 30

mmaaﬁfa&xm}mqawmsaualumﬁuﬁzzgu a7

& Laviarings (PW)

& anwsatinaniay (PE)

¢ Wilaiina (PH) Vﬁlu me l

© aauNnaasuazivalulafiansauwine (CP)

masudrnssulin:  mASnSANssuBEANNSadnaaznsLLIAL
: MASYIDFDNSSUSIUUAUALIAIASDITD90 MASYDANSSUADLTNINDS

AniE3AoNSsUANANS uanendeinalulaBussauinaisuy?

nu [sansuwany sesino 3aosn NINYAUUS
25 - 926 naAL 2550

FRCULTY OF ENGINEERING

KMUTT
EECON - 30
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nsasviaganllenadovensi intonyiiafldumys

UV Detectors using Schottky Photodiode on Diamond Film

& - Lol o~ ~ -~ o
e Budy dalie Inlofu  Suwad viwsge  audod Bai@nn

2

o 4 -~ vy S
guittudiimmsiing voramInBdomedod nazimorswmasf

aviunn TuTowrzromndnd meontyamesii tuimooiege anieislie njaoma 10520

Toasivt 0-2739-0643 In3er1s 0.27592384

unfiate

myFanneEidumerraugnsesFinowzn com 1
Tnazauny Mpevn Taald 5,0, WhirsdnrsuSoas luseu
soatldummaitimsulfolndnsdo Tuseudamdon i
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ABSTRACT

Boron doped dimmund film was symh.csizcd on (100}
silicon substrate by MPCVD (Microwave Plasma Chemical Vapor
Deposition) proeess, The doped boron o carben ratio (B/C) was
varied by mixing B0, with ctbanol at dilferént quantities. The

Schettky struciure was fabri

§ on free-stsnding p-type d d
film and slso on intcipsic one with the structure that affowed
earricrs $o move in the vertieni direction te reduce the effect of

grain boundaries. The spectral response was then investigited for

.
]

the light wavelength in the range of 190 nm to 800 nm, The resulz:
showed that the device had good response to UV Pght and very Ine

response to visible light. The rosults of dope concentration ang fifz

thickness on the time resy were also § gated, It was shows
that the-diode with intrinsic film had 14 1S rise ime and 230 15
fall time. When the thickness of u 10PPM BIC doped fitm wus
reduced tn 6um, the rise time and fall time were reduced 3o
approximately 220 fimes and 64 fimes respectively. Thee
responding times could alse be reduced by increasing the bim

vollage or by reducing the junctiou arca.
Keywords; Dismond-fim fubrication, Sehiottky photodiode, UV sensor
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Study of SiOz- Multiwalled Carbon Nanotube Base Gas Sensor

S. Jesen*'and S. Cheirsirikul’

'Department of Electronics, Faculty of Enginerring, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand
* Corresponding author : wm_nhonnoi{@yahov.com

The gas sensors are fabricated from multiwalled carbon nanotube-based. It consist of multiwalled
carbon nanotube (MWCNTSs) and silicon dioxide (Si07) prepared from silicon dioxide sol-gel solution on
silicon dioxide layer of silicon substrate by spin coat method. The electrode is constructed from platinum
{Pt) and titanium (Ti) by coating using dc-sputtering device. The titanium (Ti) tayer functions to adhere
between platinum (Pt) and silicon dioxide (SEO)). The structure of sensor show in Fig. 1. The gas sensors are
used for detecting Oxygen (Oz), ethyl alcohol (CszOH) and ammonia (NH}) by measuring the charge of
their electrical capacitance. In this paper, we study of the ratio of silicon dioxide (SiOz):carb(m nanotube
{MWCNTSs), concentrations of gas, result of film thickness and Temperature.

The film thickness = 5,000 A, oxygen are mea-

sured in the concentrations 10,000 ppm, 20% of ethy!
Electrode aleohol and ammenia content in DI water and mea-

Elecirose yd
' 4
{ — sured in the concentrations by volume. The change
0.50um SiOrMWNTs . ) g 4
rate of electrical capacitance of the silicon dioxide per
il carbon nanotube has the highest rate is 100:1 by
260 6 n weight.

In concentrations of gas 500-10,000 ppm for
oxygen, 0-20% of ethy! alcohol and of ammonig, it is

Fig. | found that the maximum change rate of electrical
. o.1cmn:“"d°1: (wn)m capacitance about 34%, 60% and 70% respectively
€ e y - ' (100:1).
g 80 1 S The film thickness increase from 2,000-5,000
é ey T N, M, W A, the change rate of electrical capacitance are  de-
% A I Sy creased. The change rate of electrical capacitance of
g —4- eyl akohol oxygen, ethyl alcohol and ammonia is 1.5%, 2% and
; ot S 4o ammords 3.5% respectively (100:1).
CE R At The temperature increase from 10 °C to 90 °C.
§ a0 ¢ + + + the change rate of electnical capacitance are increased,
%0 CW:::’ mnm “)moo The change rate of electrical capacitance of oxygen,
Fig. 2 ethyl alcohol and ammonia is 2%, 7% and 7.5% .

respectively (100:1).
Thus, the important parameter are area (A), dielectric constant (€), length (1), while concentrations of gas,

film thickness and temperature are changed, the clectrical capacitance are changed too. The best response is
ammonia (NHJ)
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Photoconductor Diamond film Detector

S. Jesen. L. Thaivotin, S. Cheirsirikul. T. Phetchakul
Electronics Research Center, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang. Chalongkrung Rd.. Ladkrabang.

Bangkok. 10520 Thailand

Abstract—Diamond film was synthesized on a silicon substrate by
MPCVD (Microwave Plasma Chemical Vapor Deposition)
process and used to fabricate a photoconductor for the detection
of UV light. The photoconductor was fabricated on free standing
diamond film and operation in a planar. This paper presents the
spectral response of photoconductor, concentration of boron
doping, times and temperature. The device shows good response
to UV light and a very low response to visible light. Furthermore,
the device reveals little change in spectral response with
increasing temperature at all wavelengths.

Index  Terms—Photoconductor, UV sensor, Diamond film
fabrication

1. INTRODUCTION

Nowadays diamond film is well known as a semiconductor
material having good physical, optical and electrical propertics
[1]. These properties have attracted researchers to develop
diamond film synthesis by using CVD technologics to achieve
growth of diamond films over relatively large arcas. Among
the clectronic applications of such material is its use as a
practical detector. A conspicuous property of special interest
is the large band gap energy (5.5 eV, 225 nm) of diamond
film. making it a suitable material for photodetection of short
wavelength light [2]. This paper presents a photoconductor
fabricated on frec-standing diamond film. which operates in a
planar dircction.

1. METHOD

Diamond film was synthesized on silicon substrate by
MPCVD (Microwave Plasma Chemical Vapor Deposition)
process. C2HSOH mixed with B,Os in a ratio B/C 10ppm,
100ppm, 1.000ppm was used as a liquid source |3, 4]. Before
device fabrication. the diamond film was etched in a saturated
solution of CrO; in H,SO, at 170 °C and then rinsed with a
1:1 boiling solution of H-Os and NH,OH to eliminate surface
graphitic material [5].

A SEM photograph of the diamond film is shown in Fig. 1
and a Raman analysis of the diamond film shown in Fig. 2
reveals no other structure than a sharp peak at 1332 cm’’.

The thickness of the diamond film is 8§ pm. device area is
3.99 mm’. Photoconductor, size = 3 mm * 3 mm, w = 20 pm,
I = 20pm. Gold was used as an ohmic contact by
photolithography. Fig. 3 shows the device structure.

978-1-4244-2101-5/08/$25.00 ©2008 IEEE 11-801
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Fig. 2 Raman spectrum of diamond film.

. d = 2980 pm ,
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Fig. 3 photoconductor structure.



H1. EXPERIMENTAL RESULTS

A. Spectral response of photoconductor.

The spectral response of the photoconductor (intrinsic) was
investigated for wavelengths from 180 to 800 nm using a
deuterium light source. Fig. 4 shows the spectral response of a
photoconductor device.

10 4 210 nm

0.9 1 f\

03 1 \-‘.

0.7 Sesgarse

0.6 ] UV Light
——

Visible Light

"‘\l-.
Seetsens
31 LU i

0.4 uve

=y

Response (Normalize)

0.3 7

200 250 300 350 400 450 SO0 S50 €00 650 700 IS0 800
Wavelength (om)

Fig. 4 Spectral response of photocondoetor (intrinsic).

Fig. 4 reveals the high response of photoconductor to UV
light in contrast to the low response to visible light. The sharp
edge response al wavelengths more than 210 nm corresponds
to the band gap energy of diamond (5.5 eV, 225 nm). Such
photoconductor are suitable detectors for UVC.

B. Spectral response of photoconductar with concentration of
boron doping.

The concentration of boron doping was obtained by
changing the ratio B/C as show in Fig. 3.

210 nm

1.0 1 A
-
E 0s .
$ o7 ';i}‘.‘.
z "M \\:‘:\.‘.
& m\“
o 06
@ \
g oS '\. ~ .“‘“"-n..‘ an
2 ""\‘ ,“‘t‘n-“h»a*‘.:::::oo‘
L 04 Seey Po0satesptoges
= “"N““‘“h,.u.nmuo""'”

03

T T T T T T r T T T

00 250 300 350 400 450 500 550 6DO 650 700 750 80D

Wavelength (nm)
Fig. & Speetral response of photoconductor with boron doping concentration.

The result of increasing of boron doping concentration in
diamond film, show the difference of spectral response
between UV light and visible light. When the boron doping
concentration js ivcreased, the spectral response will be
decreased.

203

The level of local state evergy is near and above valance
band because of boron doping. The will be able to generate the
electron-hold well in short wave length. On the other hand, the
photon energy will be low in long wave length and the
electron-hold will be low also.

C. -V characterization of photoconductor

-V characterization with boron doping concentration was
determined at wave length is210 om, light intensity is
0.8mW/cm?and voltage bias is 10 and 50 V as shown in
Fig. 6. The effect of increasing voltage bias and boron doping
concentration, the current is increased. Bias = 10V, photo
current tise from 0.06 mA (intrinsic) to 4.6 mA (1000ppm;,
dark current rises from 0.0lmA (intrinsic) to 0.6 mA
(1000ppm) at reom temperature. For Bias = 50 V are the same
format and much more.

- @ - photo current, 10 V. —e— photo current,50 V
- #- -dark currant, 10V —a—dark current, 50 V

100

< [=]
E 10 8
: =
H 2
t 4 3
£} ]
o 2
2 =
° 3
0.1
& z
0.01 0.01

Intrinsic 10 100 1000
Boron-doping concentration (ppm}

Fig. 6 1~V characicrization with boron doping concentration

Since, carrier is generated from light, it is accelerated by
electric field to contacts before recombination, it can increase
current. For increasing of concentration dopant, the rate of
carrier generation will be increased and it is also caused
increase current.

D. The result of metal design

Photoconductor (Intrinsic), wave length is210 nm, light
intensity is 0.8 mW/em?and voltage bias is 10 V and change
distance between the contacts. The result shows in Fig. 7,
found that the result of increasing distance between the
contacts, the current is decreased. The ratio of photo current
per addition of distance is 0.15pA/1um and dark current is
TuA/Tpm.

However, the value of current will increase or decrease by
depend on amount of carrier move to the contacts. When the
distance increase, amount of carrier moving to the contacts
will be lower, because it has recombination before move to the
contacts.
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Fig. 7 Photo current and dark anrent of devices plotled against distance.
(apply 10 V forward bias.)

E. The time response of photoconductorvary by boron doping
concentration

The response time of photoconductor was obtained by
changing the boron. doping concentration and changing the
light intensity, wave length 1210 nm, light intensityis 0.8
mW/em® and voltage bias is 20 V as shown in Fig. 8. The
effect of increasing boron doping concentration, the time
response is increased. The rise time is 7s (intrinsic), 30s

'(1000ppm), the fall time is 62s (intrinsic), 125s (Y000ppm).

140 -
—e—rise time
120 { - fall time =
100 2
_g o /
o r=
-~ o~
£ 60 g
E
40
/
20 ) - e
.
0 ¥ T T T
intrinsic 10 100 1000

Boron-doplng concentration {ppm)

Fig. 8'The device's response time with boron doping concentration
(apply 20 V" forward bias.)

When the boron doping concentration is increased,

carrier mobility will be decreased, the time of carrier move to.

contacts is long.

F. The response time of photoconductor vary by voltage bias
The response time of photoconductor (intrinsic) was

-obtained by changing the voltage bias, wave length'is210 nm,

light intensityis 0.8 mW/cm*®as shown in Fig. 9. When
voltage bias is increase, the time response is decreased. The
rise time 1s 0.18 s/V, the fall time is 1.33 s/V.

204

100 'k-\
T
T~
m .
& —e—rise time
jg 10 == - fall time
[ ~<a
\
—
9 - T y T T T

0 10 20 30 40 50 60
Voltage.Bias (V)

Fig. 9 The device's responsc time ploited against forward bias.

When the voltage bias is increase, the carrier is accelerated

by electric field. The carrier will.move to the.contacts quickly

and the response time will decrease.

G. The Stability of temperature

The Stability of photoconductor (intrinsic, 1000ppm) was
obtained by changing the temperature and determined by
platinum micro heater, wave length 1s 210 nm, light intensityis

0.8mW/cm®as shown in Fig. 10. When temperature is
increased, the current will be decreased. The maximum change

is in 100 to 200°C. The ratio of photo current per addition of
temperature is-0.01 mA/C (intrinsic), 0.8 mA#°C.(1,000ppm)
and dark current is 0.003 mA/°C (intrinsic), 0,24 mA?°C
(1000ppm).

—a—photo current, 1000 ppm —e— photo current, initrinsic
= «a= = dark-current, 1000 ppm - -~ --dark current, inirinsic

1000 pr——————-————

-
o
Q

-
o

Photo current (mA)

25 100 150 200 250
Tempsrature °C

Fig. 10 Photo current and dark current of devices plottéd against.temperature.

For increasing of temperature, the rate.of carfier generation
will be increased, it-cause increasing of current.
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The phatoconductor was fabricatéd on free standing
-diamond film. Light absorption within the matter is expected
to be the main mechanisni for -activating the devices.
Therefore, the carriers generated in the matter are-transported
to both contacts. Measurement shows the device has good
respanse to UV light and low response to visible light. The
devices fabricated on. diamond film having higher boron
doping concentration show higher dark current, longer
response time arid increased sensitivity to temperature. For
‘increasing of current ingke by reduce the distance between
contacls, incréase voltage bias and increase temperature.
Moreover, increasing of valtage bias and reduce the. distance
between contacts, the time response will be decrease. We
conclude that a photoconductor is suitable for the fabrication
of UV light detectors. Finally, low concentration boron doping
of the diamond film appropriate for the detection of low light
intensities and when high temperatures occur.
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Abstract

Development of diamond film semiconductor is mainly to develop the prototype of
diamond film UV sensor. Boron doped diamond film was synthesized on (100) silicon
substrate by MPCVD process. The doped boron to carbon ratio (B/C) was varied by mixing
B203 with ethanol at differem quantities. The Schottky Photodiode structure was fabricated
on free-standing p-type and intrinsic diamond film diaphragm-(active area 2mm32), with the
structure that allowed carriers to move in the vertieal direction torreduce the effect of grain
boundaries. The Schottiky Photodiode structure using Al as a Schottky contact and Au as an
ohmic contact. The spectral response was investigated for the light wavelength, the shows
good response to UV light and very low response to visible light, the best response at 210nm.,
For increasing of ratio of B/C, dark current increased but photo current décreased and
response time decreased too. When the film thickness of intrinsic Schottky Photodiode was
reduced from 9 to 6um, 8.3times of photo current increased and 4.4times of dark current
decreased, phote current is 350nA and dark current is 0.05nA and the rise time and fall lime
were reduced 1o approximately 168times and S0times respectively, the dse time is 0.25us
and the fall time is 12ps. These responding times could also be reduced by increasing the
bias voltage or by reducing the junction area. For in the range of 25-200°C, the Schottky
Photodiode diamond film intrinsic type is the minimum density current.

Keywords: Diamond-film fabrication, Schottky Photodiode, UV sensor
Introduction

Nowudays diamond film is well known as a semiconductor material witch has good
physical, optical and electrical properties [1]. These properties have attracted researchers to
develop diamond film synthesis by using CVD technologies to achieve growth of diamond
films over relatively large areas. Among the clectronic applications of such material is its use
as a practical detector. A conspicuous property of special interest is the large band gap
energy (5.5¢V, 225nm) of diamond film, making it a suitable material for phote detection of
short wavelength light [2]. After that phofoconductive and photodiode were fabricated by
diamond film, the carrier generate from the light will change electric and light characteristic
[3, 4.

This paper presents a Schottky Photodiode fabricated on free-standing diamond film,
which operates in a vertical direction. For this structure, the light is absorbed in depletion
region and similar to boundary grain. So, it reduces the result of carrier move pass boundary
grain,
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Method

Diamond film was synthesized on silicon substrate by MPCVD (Microwave Plasma
Chemical Vapor Deposition) process. C>HsOH for inrinsic and C;HsOH mixed with B;Ox in
a ratio B/C 10ppm, 100ppm, 1.000ppm were used as a liquid source |5, 6]. Before device
fabrication, the diamond film was etchedicleaned) in a saturated solution oftby) CrO; in
H>S0;4 at 170°C and then rinsed with & 1:1 boiling solution of H,0; and NH4OH to eliminate
surface graphitic material, and DI water {7].

Gold

{ramond film

Stlicon

Schottky junction  Alunriniem

Silicon dioxide

Fig. 1 Suucture of Schottky Photodiode

The etching diaphragm of Schottky on diamond films by EPD solution [8]. The
thickness of diamond films is 6um, area is 2mm’. Gold was used an ohmic contact by
photolithography and aluminum was used a Schottky contact. Fig. 1 shows the device
structure. The structure of diamond 1s polycrystalline. It has many crystals and many
boundary grains, Therefore, affect o the characteristic of device. While the device is reverse
bias and cause the depletion region. When the light against to the device, it's generate
electron-hole pair and move to the pole by electric field in depletion region. However, the
device work in horizontal on diamond film face a problem with electron-hole pair move pass
boundary grain and effect 1o reduce the amount of carrier. So. we designed to work in
verticals and parallel with the boundary grain, that it’s reduce the effect of boundary grain for
direction of current.

Results
A. Spectral response of the Schottky Photodiode
The Schottky Photodiode detector fabricated from diamond film and change the boron

doping concentration, we investigated the spectral response between UV light and visible
light at reverse biased Svolt at room temperature as show in Fig. 2

;10\3355;891’139 2009: Special Lecture
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Fig. 2 Spectral response of Schottky Photodiode detector with boron doping concentration,

The result of changing of boron doping concentration t000ppm, 100ppm. 10ppm and
intrinsic, the spectral response of devices were not different.lt was high response in UV light
and low response in visible light. The sharp edge response at 210nm corresponds to the band

gap energy of diamond (5.5¢V, 225nm). Since the most of electric current generate in
depletion region. So the result of boron doping concentration has no effect 1o so much, while
we use in UVC. Such, the Schottky Photodiode are suitable detectors for UVC and low noise
trom visible light. . ).
B. The electrical characteristic of the .Sc]wliky Photodiode

The film thickness of intrinsic Schottky Photodiode is 9pm the light shined to the device
by wave length is 210nm, the light intensity is 0.8mW/cm?and voltage bias is SVolt. We
investigated the current of Schotiky Photodiode with increasing of the boron doping
concentration intrinsic, 10ppm, 100ppim, and 1000ppm as show in Fig. 3.
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Fig. 3 The relation between photo current and dark current with boron concentration.

1t was found that, photo current of intrinsic was highest and dark current was lowest. The
different of photo current and dark current of intrinsjc is 0.12nA. When the boron doping
concentration is increased, the dark current is 20nA for 1000PPM, photo current js 42nA
(intrinsic) and 29nA (1000PPM).

For no doping boron (intrinsic) is the highest current. Since the intrinsic is widest
depletion region. Because of the depletion region receive the light and cause the electron-
hole pars. So the widely depletion region can detect the light and cause height photo current

but for carrier are generated outside the scope of depletion region are recombination, so
photo current not teo high.
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C. The result of film thickness

The film thickness effects to absorb the light in diamond filmand depletion region, so it is
caused by the chunging of the photo current.
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Fig. 4 The relation between photo cumrent and dark current with the film thickness (intrinsic).

We investigated {ilim thickness with photo current and dark current as show in Fig. 4.
The photo current from 42nA to 350nA when we reduced film thickness from 9um to 6,
and dark current reduced from 0.22nA to 0.0SnA respectively. For film reduce 3pm, photo
current and dark current decreased 8.3time and dtime respectively.

Consider the life time of carrier, it found that when reduce film thickness, the life
time of carrier will be reduce 100. In other words, the device fabricate from polycrystalline

and film thickness are reduced, amount of grain in vertical decrease and cause increasing of
photo current.

D. The response time of Schottky Photodiode vary by boron doping concentration and film
thickness

The boron doping concentration 1000ppm, 100ppim, 10ppm and intrinsic were shined
by the light pulse and measured the changing of photo current with the time at reverse bias
Svolt the result as shown in Fig. §

For intripsic. the rise time and the fall time were lowest is 3ps and 120ps
respectively. For 1000ppm, the rise time and the fall tme highest is 22us and 420us
respectively. So jncreasing of doping boron concentration of Schottky Photodiode, the speed
of response time were decreased. Since, increasing of boron doping concentration make
depletion region is decreased. So, it cause the depletion region is decreased. effect to increase
the capacitance of junction and increase diamond film outside of depletion region and cause
the increasing of life time of carrier, Al the same time for intrinsic is used by diamond film

have thickness is 9, 8, 7 and 6pm were shined by the light pulse and reverse bias Svolt the

result as show in Fig, §
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Fig. 5 The relation between the rise time and the fall time with the film thickness {intrinsic),

It was found that, when we reduced film thickness from 9um to Gum, the rise time
decreased from 42ps 100.25us and the fall time decreased from 600ps 10 12us. Since,
reducing of film thickness effect to reduce the amount of grain in vertical and diamond film
out side of depletion region are decreased. So (that) the life time of carrier are decrease, and
the light are absorbed more and more. Since, the light can pass to depletion region and cause
increasing of the photo current.

E. The response time of Schottky Photodiode vary by junction area and reverse voltage bias"

The Schottky Photodiode (intrinsic) with the junction area 0.193, 2.07, 3.76 and 5.95 nn’
were shined by the light pulse and reverse. bias Svolt the result as show in Fig. 6
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Fig. 6 The relation between the rise time and the fall ime with the junction area and voltage bias.

When, the area is reduced {rom 5.85 t02.07mm". The rise ime decreased from 17us
to 2us and the fall time decreased from 250us 1o 80us. Since, the capacitance in junclion area
is specified the speed of device, So the reducing of junction arca make 1o decrease response
time and capacitance of junction arca (Ceox A/W }. So the devices arc good lime response.
After that, reverse bias gave to the devices and the result as show in Fig. 6. For increasing of
reverse bias voltage from 5 to 20volie. The rise time decreased 102.5ps and the fall time
decreased to65us. Since increasing of reverse bias voltage effected to decrease the time
response. So, depletion region are widely and high electric field, effect to decrease life time
of carrier. When increasing of voltage bias, the carriers move in depletion region are
suddenly.

&
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F. The Srability of temperature

We investigated the device from 25 to 200°C with the light at 210nm and reverse bias
Svolt. The result as showed in Fig. 7. When the temperature was increased, the photo current
and the dark current increased too. Which the dark current increased more the photo current
at high temperature, For the devices were fabmatt.(l from dianond film intrinsic, the density

of pboto current mcrum,d from 110 1.250uA/cm?, and the density of dark current increased
from 0.6 to 1nA/em?’,
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Fig. 7 The relation between the temperature with photo current density and dark current density.

The result of changing of temperature effected to the density of dark current and the
device were fabricated from diamond film with boron doping concentration 100ppm and
1000ppm., the dark current increased suddenly until the photo cwrrent and the dark current
were comparable at 170°C and 70°C respectively. Since, current from carriers were ionized
from heat more than the current from the light. So if Schottky Photadiode use for detect in
the low energy light, must to consider the temperature. So the devices were fabricated from
low boron doping or no boron doping can work normally at high temperature.

Conclusion

The Schottky Photodiode was developed, it is high seasitivity for detect UV and low
response in visible light.  When, the devices were doped boron at high concentration, it
caused to increase the dark current, decrease the photo current and decrease response time.
For reducing of film thickness, it effected to increase the photo current, decrease the dack
curreni and decrease response time. In' the.other word, reducing of time response could make
by decreasing reverse voltage bias and decrease Schottky junction area. So. the Schottky
photo diode diamond film for detect UV should fabricate by intrinsic with thickness less than
9um and bigh temperature operation at 200°C.
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ABSTRACT

Synthesizing Diamond film on (100) siticon substrute was
processed by HFCVD (Hot Fifament Chemicid Vapor Deposition). The
processes consisted of uging methane (CHY to produce imrinsic
dismond and then constmeting MSM deviee on the diaphregm of
diamond film. Schonthy junctions on the top and the lower of the
diaphragm were produced by aluminum which caused the carriess were
able 10 move i the vertical direetion 1o rediice the effect of arain
buundarics. Then, the device was sintered at 450°°C jn difierent tines in
order to find the decreased leakage current and proper response time.
After that, the resalt of detecting an N-Ray of MSM dinond was

satisfuctery becanse it could respond along with increasing of inensity

of on X-Ray, AT last. we tound that the devies responded ihe exposed

time of X-Ray a1 0. 1s properly.

Keywords: MSM Diamond fabrication, X-Ray detector
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