000000000 JLO0000 @ le 0000 00000 Ja®

oo s
IB=40 pA IB=30 pA|IB=20 pA|IB=10 pA 0
Ic(*1mA) Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)
0 0 0 0 0
4.185 2.994 1.869 0.841 0.25
4.428 3.180 1.994 0.980 0.75
4.471 3.222 2.050 0.990 1
4.576 3.305 2.120 1.000 2
4.654 3.371 2.157 1.020 3
4.717 3.418 2.190 1.040 4
4.765 3.454 2.216 1.040 5
4.807 3.488 2.236 1.052 6
4.843 3.517 2.255 1.061 7
4.879 3.543 2.272 1.067 8
4.911 3.565 2.284 1.074 9
4.947 3.579 2.296 1.079 10
4.979 3.608 2.308 1.083 11
5.012 3.625 2.320 1.088 12
5.042 3.643 2.331 1.093 13
5.065 3.656 2.342 1.096 14
5.089 3.675 2.353 1.095 15

D) 00 Jgo— >
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@) 00 JS— sl

000000000 JLO00D sl sLi
1111111 5l L

(000000000 000000 0000 D000 0000 00000 00 000000000000 aaxso g

BximT | IB=40 pA|IB=30 pA|IB=20 pA[IB=10 pA
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Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(*1mv)
0 0 0 0 0
4.14 2.98 1.876 0.832 0.25
4.34 3.16 1.969 0.888 0.75
4.41 3.18 1.986 0.906 1
4.53 3.27 2.07 0.963 2
4.59 3.33 2.12 0.997 3
4.65 3.37 2.15 1.015 4
4.68 3.40 2.18 1.028 5
4.72 3.44 2.20 1.034 6
4.76 3.46 2.22 1.044 7
4.80 3.48 2.23 1.054 8
4.82 3.50 2.24 1.055 9
4.85 3.51 2.25 1.066 10
4.86 3.52 2.26 1.068 11
4.89 3.53 2.27 1.071 12
4.91 3.54 2.28 1.075 13
4.93 3.56 2.29 1.080 14
4.96 3.57 2.30 1.085 15

B=50mT

@ 00 Joar—>
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@) 00 J— Sl

s Gl [ gians jil s

nooooooo0 JLoooo ooooo s Ll
0000000000 DO0000 D000 0000 0000

o000 00 000000000000 arrio 9

B+ximT | IB=40pA |IB=30 pA|IB=20 pA| IB=10pA
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)
0 0 0 0 0
4.36 3.18 2.03 0.924 0.25
4.64 3.38 2.17 0.993 0.75
4.68 3.41 2.2 1.017 1
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4.79 3.52 2.28 1.086 2
4.87 3.59 2.35 1.113 3
4.90 3.64 2.38 1.14 4
4.95 3.68 2.41 1.152 5
5.00 3.70 2.42 1.165 6
5.01 3.73 2.44 1.174 7
5.05 3.75 2.46 1.187 8
5.07 3.78 2.47 1.190 9
5.10 3.79 2.49 1.198 10
5.11 3.80 2.50 1.203 11
5.12 3.81 2.51 1.211 12
5.14 3.82 2.52 1.218 13
5.15 3.84 2.52 1.219 14
5.17 3.85 2.53 1.22 15

B=184mT

@) 00 Jgo—>
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G) 0 JS— sl
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meere Gl ] gians jil ps
oonooooo0 JLooon  oooon- s L

0000000000 000000 D000 0000 0000

o000 00 000000000000 arxso 9

B+imT | IB=40 pA | IB=30pA |IB=20 pA|IB=10 pA
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) |Vce(£1mA)

] 0 0 ] ]
4.28 3.06 1.9 0.828 0.25
4.5 3.23 2.01 0.878 0.75
4.56 3.26 2.03 0.906 1
4.65 3.35 2.11 0.966 2
4.74 3.42 2.17 0.992 3
4.79 3.46 2.2 1.014 4
4.82 3.5 2.22 1.022 5
4.87 3.52 2.24 1.040 6
4.90 3.54 2.27 1.050 7
4.93 3.56 2.28 1.058 8
4.96 3.58 2.3 1.062 9
4.98 3.6 2.31 1.069 10
5.01 3.62 2.32 1.075 11
5.04 3.63 2.33 1.078 12
5.08 3.65 2.34 1.082 13
5.09 3.66 2.35 1.086 14
5.1 3.68 2.35 1.1 15

B=115mT

@ Jegor—>
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0000000000 DO0000 D000 0000 0000

(4) pd, J—Sull

BC1ao1s )IJ—D 3 . )JI).:
000000000 oooooo ooool sLasd

0000000 000000000000 aussio 9

B+imT | IB=40 pA|IB=30 pA|IB=20 pA| IB=10 p
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(*1mv)
0 0 0 0 0
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4.28 3.05 1.89 0.829 25
4.49 3.24 2.00 0.877 .75
4.55 3.27 2.04 0.905 1
4.66 3.36 2.11 0.963 2
4.74 3.43 2.18 0.993 3
4.80 3.47 2.19 1.015 4
4.83 3.50 2.23 1.023 5
4.87 3.52 2.25 1.04 6
4.90 3.55 2.28 1.049 7
4.94 3.57 2.29 1.059 8
4.96 3.59 2.30 1.063 9
4.98 3.60 2.32 1.070 10
5.02 3.63 2.33 1.076 11
5.04 3.64 2.33 1.079 12
5.08 3.65 2.34 1.084 13
5.09 3.67 2.35 1.085 14
5.10 3.68 2.36 1.10 15

B=142mT

G) 00 Jgr— >
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0000000000 DO0000 D000 D0oo MIJ

000o0ooog JLDEDD poon0 s Ll

0000000 000000000000 asssio 9

B+1imT | IB=40 pA|IB=30 pA| IB=20 pA |IB=10 pA
Ic(+*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)

0 0 0 0 ]
4.27 2.98 1.869 0.823 0.25
4.50 3.17 1.966 0.875 0.75
4.56 3.21 1.986 0.891 1
4.65 3.28 2.07 0.952 2
4.75 3.35 2.13 0.982 3
4.80 3.39 2.17 1.004 4
4.82 3.41 2.20 1.02 5
4.87 3.44 2.21 1.026 6
4.90 3.48 2.22 1.035 7
4.94 3.50 2.24 1.04 8
4.96 3.51 2.25 1.052 9
4.98 3.52 2.26 1.053 10
5.02 3.53 2.27 1.061 11
5.05 3.56 2.28 1.062 12
5.08 3.56 2.29 1.064 13
5.09 3.59 2.29 1.069 14
5.11 3.61 2.30 1.07 15

B=50mT

6) 000 Jgo— >
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(6) 000 J—Sxull

BC1401B )I ' |:| _)_9‘““_)"'_)"

(00oooooo JLDQDD oooon sl
(000000000 000000 D000 0ooo MIJ

(000000 000000000000 aasso 9

B+imT IB=40 p A|IB=30 p A| IB=20 pA | IB=10 p A
Ic( *1mA) | Ic( *1mA) | Ic(*1mA) | Ic( *1mA) | Vce(*1imv)
0] 0 0] 0 0
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- 120 -

4.17 2.99 1.865 0.822 25
4.4 3.17 1.965 0.877 .75
.46 3.2 1.984 0.892 1
.56 3.27 2.08 0.95 2
.65 3.34 2.13 0.98 3
4.71 3.38 2.16 1.005 ]
4.75 3.42 2.19 1.022 5
4.78 3.45 2.20 1.028 6
.81 3.47 2.20 1.036 7
4.85 3.49 2.23 1.042 8
.88 3.50 2.25 1.053 9
.90 3.52 2.26 1.051 10
.92 3.53 2.27 1.059 11
.93 3.55 2.28 1.060 12
4.95 3.57 2.29 1.065 13
4.98 3.58 2.29 1.067 14
5.00 3.60 2.30 1.068 15
B=145mT
(7 000 Jg>—>




(7) 10 J—Sual

vorere Gl gianns jil s
(o000oooo JLDQDD pooo0 s Ll
0000000000 DO0ODO 0000 0000 “’““'IJ

0000000 000000000000 assso 9

B+ximT |IB=40 pA|IB=30 pA| IB=20py A | IB=10pA
Ic(+1mA) | Ic(*1mA) | Ic(+1mA) |Ic(*1mA) |Vce(*x1imv)
0 0 0 0 ]
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4.17 3.03 1.91 0.828 25
4.41 3.24 2 0.886 .75
4.45 3.27 2.03 0.911 1
4.58 3.35 2.11 0.978 2
4.66 3.43 2.16 1.002 3
4.72 3.46 2.19 1.019 4
4.76 3.51 2.23 1.038 5
4.79 3.52 2.25 1.049 6
4.82 3.54 2.26 1.052 7
4.86 3.56 2.28 1.062 8
4.89 3.59 2.30 1.073 9
4.9 3.6 2.32 1.074 10
4.92 3.62 2.33 1.083 11
4.93 3.65 2.34 1.087 12
4.96 3.66 2.35 1.094 13
4.97 3.67 2.36 1.098 14
5 3.68 2.37 1.1 15

B=184mT

@) 00 Jor—>
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@) 10 J— Sl

BC1401B )I_)—D JS“‘“-)"I)‘
el 000 il sl

R=(*1mm) | IB=40 pA|IB=30p A|IB=20 pA|IB=10p A
Ic(+1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(£1mv)
0 0 0 0 0
4.30 3.13 1.97 0.858 0.25
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4.56 3.33 2.08 0.919 0.75
4.61 3.35 2.15 0.939 1
4.73 3.44 2.17 1.01 2
4.80 3.50 2.25 1.025 3
4.84 3.53 2.26 1.044 4
4.89 3.57 2.29 1.065 5
4.92 3.60 2.31 1.068 6
4.96 3.62 2.34 1.082 7
5.00 3.64 2.36 1.097 8
5.03 3.66 2.38 1.112 9
5.05 3.68 2.38 1.113 10
5.08 3.70 2.40 1.119 11
5.11 3.72 2.41 1.125 12
5.14 3.74 2.41 1.131 13
5.17 3.75 2.42 1.133 14
5.19 3.76 2.42 1.137 15
R=(4cm)
©) 00 Jga—>
I (A) x1073 Vce vs Ic
6
I, =40 pA
5 Do k'*»—o—*"_‘
?/"/‘/0’0"’""
4
o lBy =30 $A 4 o +—+—+
3
I, =20 pA
2
I, =10 pA
1 * * ¢ L 2 L 2 L 2 4 A g \ g \ g
Ov T T T T T T
0 2 6 8 10 12 14 16
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©) 000 J—Suall

perors Gl ll ) gians jil i
el 0000 Ll sLul

R=(*1mm) | IB=40 p |IB=30 pA|IB=20 pA|IB=10 pA
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)

0 0 0 0 0
4.35 3.14 1.982 0.861 0.25
4.57 3.3 2.06 0.917 0.75
4.62 3.35 2.12 0.949 1
4.73 3.47 2.2 1.011 2
4.82 3.5 2.24 1.031 3
4.85 3.54 2.26 1.045 4
4.89 3.57 2.28 1.06 5
4.92 3.59 2.3 1.073 6
4.95 3.62 2.33 1.08 7
5.00 3.64 2.35 1.097 8
5.02 3.67 2.38 1.113 9
5.05 3.69 2.4 1.117 10
5.09 3.7 2.41 1.119 11
5.12 3.71 2.42 1.123 12
5.16 3.73 2.43 1.131 13
5.17 3.75 2.43 1.137 14
5.19 3.77 2.45 1.139 15

R=(3cm)
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(10) 0100 Jogo—>
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(10) 000 J—Saadl

LN JUN RIS
el 0000 ull sLul

R=(*1mm) |IB=40 pA|IB=30 pA|IB=20 pA| IB=10p A
Ic(+1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(*1imv)

] ] 0 0 0
4.35 3.09 1.933 0.863 0.25
4.56 3.28 2.04 0.92 0.75
4.63 3.31 2.06 0.943 1
4.72 3.40 2.16 0.996 2
4.79 3.48 2.21 1.031 3
4.84 3.50 2.24 1.052 4
4.87 3.54 2.27 1.070 5
4.93 3.56 2.30 1.079 6
4.95 3.60 2.31 1.081 7
4.97 3.62 2.33 1.090 8
5.00 3.64 2.34 1.095 9
5.03 3.67 2.36 1.107 10
5.07 3.68 2.37 1.114 11
5.09 3.70 2.38 1.113 12
5.11 3.71 2.39 1.117 13
5.13 3.72 2.40 1.120 14
5.16 3.75 2.41 1.127 15

R=(6.5cm)

11 m Jega—>
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Vce vs Ic
6
5 AIBv:49 %A#v——% . ¢4v__’
4{//%4——0/*

Ip,=30 UA o+ o+ +—+—+—
3

g =20 A ., ., ..
2/_“/‘/’__0———0—"

I = 10 A
1 S iah PO S <L G S S G S
OY T T T T T T T

2 4 6 8 10 12 14
Vee (V)
(11)DDDJ_<.-1J|
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werons 5l |y gianty jil yi
el 0000 usll sl

R=(*1mm) | IB=40p A|IB=30p A|IB=20p A|IB=10p A
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)

0 0 0 0 0
4.39 3.08 1.83 0.900 0.25
4.57 3.29 2.12 0.952 0.75
4.61 3.35 2.18 0.967 1
4.69 3.45 2.21 1.016 2
4.78 3.52 2.27 1.037 3
4.83 3.56 2.29 1.060 4
4.88 3.61 2.31 1.067 5
4.95 3.63 2.33 1.085 6
4.99 3.65 2.35 1.088 7
5.00 3.68 2.37 1.097 8
5.03 3.71 2.38 1.112 9
5.08 3.74 2.39 1.107 10
5.11 3.76 2.42 1.113 11
5.12 3.78 2.42 1.115 12
5.13 3.79 2.43 1.121 13
5.15 3.80 2.45 1.124 14
5.19 3.81 2.46 1.125 15

R=(2cm)

(12) 10 Jogr—>
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12) J— Sl

000000 guianss il il 1
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0ooooon J——00

IB=40 p A|IB=30 pA|IB=20 pA|IB=10 pA
Ic(*1mA) |Ic(*1mA) |Ic(*1mA) |Ic(*1mA) |Vce(x1imv)
0 0 0 0
2.00 1.688 1.418 1.054 0.25
4.93 4.441 3.770 2.613 0.75
5.85 5.358 4.588 2.799 1
9.00 8.075 5.814 2.905 2
11.22 8.983 6.065 2.994 3
12.28 9.265 6.238 3.051 4
12.86 9.581 6.350 3.078 5
13.20 9.908 6.461 3.131 6
13.56 10.213 6.579 3.174 7
13.91 10.445 6.696 3.214 8
14.31 10.648 6.810 3.254 9
14.69 10.870 6.928 3.305 10
14.96 11.089 7.065 3.344 11
15.29 11.300 7.149 3.376 12
15.65 11.479 7.235 3.399 13
15.83 11.669 7.333 3.420 14
15.97 11.873 7.410 3.450 15

(13) 100 Jgo—>
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(13) 000 J— Sl

ig-lll ) giants jil il
ﬁl&ﬂﬂﬂﬂ jooon slssl

R=(%*1mm) |IB=40 pA|[IB=30 pA| IB=20pA | IB=10pA

Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)

0 0 0 0 0
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2.02 1.98 1.50 1.07 25
4.95 4.44 3.81 2.80 .75
5.88 5.35 3.57 3.03 1
9.01 7.39 6.04 3.16 2
11.27 9.20 6.32 3.22 3
12.30 9.51 6.48 3.27 4
13.10 9.84 6.57 3.30 5
13.31 10.12 6.74 3.35 6
13.63 10.46 6.81 3.37 7
14.25 10.66 6.89 3.41 8
14.60 11.01 7.00 3.41 9
14.86 11.18 7.08 3.44 10
15.28 11.36 7.26 3.48 11
15.59 11.52 7.35 3.52 12
16.09 12.00 7.47 3.55 13
16.41 12.03 7.64 3.58 14
17.53 12.30 7.72 3.62 15

R=(6.5cm)

(15) 10 Jgo—>
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(15) 000 J_ Sl
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el 000 a0 sl

R=(%1mm) IB=40pA IB=30pA IB=20pA IB=10pA
Ic(*x1mA) | Ic(*1mA) | Ic(x1mA) | Ic(*1mA) | Vce(x1imv)
0 0 0 0 ]
2.13 1.81 1.53 1.08 0.25
4.90 4.42 3.80 2.87 0.75
4.87 5.29 4.60 3.05 1
9.03 8.02 6.04 3.17 2
11.39 9.17 6.32 3.21 3
12.40 9.53 6.49 3.28 4
12.87 9.87 6.60 3.30 5
13.24 10.15 6.68 3.40 6
13.55 10.44 6.81 3.47 7
13.91 10.68 6.98 3.51 8
14.65 10.99 7.07 3.52 9
14.85 11.14 7.25 3.54 10
15.33 11.25 7.32 3.58 11
15.68 11.52 7.45 3.62 12
16.16 11.67 7.52 3.65 13
16.45 11.94 7.63 3.68 14
17.10 12.20 7.75 3.72 15
R=(3cm) 16) p9,) Jg>— >
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(16) 00 J_—Sadl

000000 ) gianns_jps I _pid
0000000 00000 00000

R=(%*1mm)

IB=40pA

IB=30pA

IB=20pA

IB=10pA

Ic(*1mA)

Ic(*1mA)

Ic(*1mA)

Ic(*1mA)

Vce(+1mv)
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0 0 0 0 0
2.03 2.08 1.57 1.67 0.25
4.96 4.50 3.82 2.86 0.75
5.87 5.33 4.56 3.05 1
9.03 7.49 6.05 3.15 2
11.26 9.18 6.31 3.32 3
12.30 9.50 6.58 3.28 4
13.20 9.85 6.68 3.40 5
13.38 10.13 6.76 3.42 6
13.67 10.46 6.81 3.58 7
14.26 10.67 6.93 3.61 8
14.63 11.02 7.01 3.62 9
14.87 11.18 7.09 3.64 10
15.30 11.33 7.26 3.68 11
15.62 11.53 7.31 3.65 12
16.10 12.01 7.50 3.75 13
16.47 12.04 7.64 3.75 14
17.56 12.32 7.73 3.78 15

R=(2cm)

(17) 0 Jgr—s>
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(17) 000 J— Sl

@orranzzoay 101 ) gawas juladl
el—~i¥l 00000 Jus

IB=40pA | IB=30pA |IB=20p A| IB=10pA
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(18

Ic(*1mA) | Ic(£1mA) | Ic(+1mA) | Ic(*1mA) |Vce(£x1mv)
0 0 0 0 0
5.29 3.98 2.53 1.24 0.25
5.49 4.12 2.68 1.28 0.75
5.55 4.15 2.70 1.30 1
5.72 4.23 2.74 1.34 2
5.84 4.30 2.79 1.35 3
5.91 4.36 2.82 1.37 4
6.00 4.38 2.86 1.39 5
6.07 4.45 2.89 1.41 6
6.15 4.50 2.94 1.43 7
6.21 4.52 2.97 1.44 8
6.28 4.56 2.98 1.44 9
6.34 4.61 3.00 1.45 10
6.38 4.66 3.01 1.46 11
6.45 4.70 3.05 1.47 12
6.50 4.74 3.08 1.48 13
6.56 4.79 3.10 1.49 14
6.64 4.83 3.11 1.49 15

(18) 0 Jgo—>

Sl
) 000



weriznzzioad (101 ) gumans il pidl
gl 10000 o
R=(x1mm) | IB=40pA | IB=30u A| IB=20pA | IB=10pA
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1imv)

0 0 0 0 ]
5.50 3.97 2.55 1.187 0.25
5.52 4.15 2.67 1.239 0.75
5.60 4.20 2.69 1.262 1
5.79 4.27 2.76 1.32 2
5.91 4.34 2.81 1.338 3
6.01 4.42 2.85 1.368 4
6.10 4.46 2.89 1.391 5
6.19 4.50 2.92 1.398 6
6.24 4.58 2.96 1.419 7
6.32 4.62 2.98 1.435 8
6.40 4.66 3.00 1.450 9
6.48 4.71 3.03 1.456 10
6.54 4.77 3.06 1.470 11
6.63 4.79 3.07 1.467 12
6.69 4.84 3.10 1.477 13
6.78 4.88 3.10 1.485 14
6.85 4.92 3.14 1.487 15

R=(2cm)

19) 10 Jgo—>
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(19) 000 J__ Sl
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COC11.2N2219A) DDDD

9y jil il

gl 10000 oms
R=(*1mm) | IB=40pA | IB=30p A| IB=20pA | IB=10pA
Ic(+1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(*1mv)

0 0 0 0 0
5.50 4.00 2.55 1.192 0.25
5.50 4.16 2.65 1.238 0.75
5.58 4.19 2.68 1.263 1
5.78 4.26 2.75 1.32 2
5.88 4.33 2.79 1.335 3
5.98 4.39 2.83 1.373 4
6.07 4.44 2.87 1.389 5
6.14 4.49 2.91 1.392 6
6.23 4.56 2.94 1.418 7
6.29 4.59 2.96 1.427 8
6.38 4.62 2.99 1.440 9
6.45 4.68 3.01 1.457 10
6.50 4.76 3.04 1.465 11
6.60 4.80 3.05 1.465 12
6.66 4.82 3.08 1.476 13
6.73 4.86 3.11 1.480 14
6.83 4.88 3.14 1.485 15

R=(6.5cm)

(20) 000 Jga—>
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(20

Vce vs Ic

EA * 7S L 2 2 2 —o—¢
LA .
10 12 14 16
Vee (V)
GCGNzz2zAac) )I)_D J.S'“'““.)" I-)‘JI
gle_0000 00000 Jao
IB=40uA |IB=30p A| IB=20pA | IB=10pA
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)
0 0 0 0 0
0 0 0 ] 0.25
0 0 0 0 0.75
0 0 0 ] 1
0 0 0 ] 2
0 0 0 0 3
0 0 0 ] 4
0 0 0.001 0.001 5
0.001 0.001 0.001 0.001 6
0.001 0.001 0.001 0.002 7
0.004 0.004 0.005 0.005 8
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Suall
) 000



0.013 0.013 0.013 0.013 9
0.026 0.027 0.027 0.026 10
0.046 0.046 0.045 0.046 11
0.066 0.066 0.066 0.062 12
0.090 0.090 0.091 0.090 13
0.115 0.117 0.117 0.116 14
0.145 0.146 0.147 0.142 15

1) 0 Jor—>
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Vce vs Ic

0.16
0.14 /
0.12 ¢
0.1 //
g 0.08 /
2 0.06 /
0.04 //
0.02 pd
O ¢000— 0o o o —& ?‘/ : : :
0 2 4 6 8 10 12 14 16
-0.02
Vce (V)
(21) 000 J—Saudl
enz2zaaed Gl 1) giams Y Ll
glr_DDDD nooon sl
R=(+1mm) | IB=40pA | IB=30uy A|IB=20py A| IB=10pA

Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1imv)

0 0 0 0 0
0 0 0 0 0.25
0 0 0 0 0.75

- 145 -




0 0 0 0 1
0 0 0 0 2
0 0 0 0 3
0 0 0 0 4
0 0 0.001 0.001 5
0.001 0.001 0.001 0.001 6
0.001 0.001 0.001 0.002 7
0.004 0.004 0.003 0.005 8
0.013 0.013 0.013 0.013 9
0.026 0.027 0.027 0.026 10
0.046 0.046 0.045 0.042 11
0.066 0.066 0.066 0.062 12
0.090 0.090 0.091 0.084 13
0.116 0.117 0.117 0.112 14
0.145 0.145 0.147 0.141 15

R=(1cm)

(22) 000 Jgo—>
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Vce vs Ic
0.16
0.14 /
0.12 /
0.1 /¢7
S0.08 /
©0.06 /
0.04 /’/y
0.02
O ¢006—0—0o—0o—¢ ?4/ I \ \
0 2 4 6 8 10 12 14 16
-0.02
Vce (V)
(22) 00 J—Saudl
enzzzaaed Gl 01 gimas jul yall
gle_0000 00000 sLusl
R=(x1mm) | IB=40pA | IB=30py A|IB=20p A|IB=16p A
Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)
0 ] ] 0 ]
0 0 0 0 0.25
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0 0 0 0 0.75
0 0 0 0 1
0 0 0 0 2
0 0 0 0 3
0 0 0 0 4
0 0 0.001 0.001 5
0.001 0.001 0.001 0.001 6
0.001 0.001 0.001 0.002 7
0.004 0.004 0.003 0.005 8
0.013 0.013 0.013 0.013 9
0.026 0.027 0.027 0.026 10
0.046 0.046 0.045 0.042 11
0.066 0.066 0.066 0.062 12
0.090 0.090 0.091 0.084 13
0.116 0.117 0.117 0.112 14
0.145 0.145 0.147 0.141 15

R=(3cm)

23) 00 Jgr—>
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Ilc (mA

Vce vs Ic

0.16

0.14

0.12

\Vce (V)
"7

(23) 00 J Sl

cosonciosy (100 ) ginnns_juil yil
gl 0000 00000 Ja$
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IB=30 p A| IB=20 p A IB=10 p A
Ic(x 1mA) | Ic(x 1 mA) Ic(+ 1 mA) Vce(x1mv)

0 0 0 0

0 0 0 0.25

] ] 0 0.75

] ] 0 1

] ] 0 2

0 0 0 3
0.002 0.001 0.001 4
0.022 0.005 0.002 5
0.074 0.026 0.015 6
0.149 0.066 0.035 7
0.222 0.113 0.068 8
0.281 0.180 0.104 9
0.346 0.236 0.138 10
0.403 0.292 0.166 11
0.434 0.332 0.187 12
0.457 0.353 0.204 13
0.473 0.375 0.226 14
0.481 0.385 0.229 15

(24) 10 Jogr—>
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24) J—Sadl
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conmmcron 100 ) ginnns juil il
E‘LDDDD oooon s
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R=(+*1mm) | IB=30 pA| IB=20 pA| IB=10 pPA

Ic(*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(*x1imv)
] 0 ] 0

0 0 0 0.25

] ] 0 0.75

0 0 0 1

] 0 0 2

0.001 0 0 3
0.003 0.002 0.001 4
0.025 0.016 0.017 5
0.078 0.062 0.032 6
0.153 0.118 0.088 7
0.223 0.185 0.149 8
0.290 0.240 0.202 9
0.350 0.290 0.257 10
0.385 0.340 0.285 11
0.433 0.374 0.325 12
0.457 0.396 0.362 13
0.476 0.414 0.378 14
0.477 0.420 0.387 15

R=(6.5cm) | 25)p9,) Jgr——>




25) J— Sl
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00000000 al— o gl
ansaozeed (000 0000
0000000000 00000 00000 (Jad

LUV
o L0000
ID(mA) | VD(V)
) )
1 0.553
5 0.620
10 0.648
15 0.664
20 0.677
25 0.686
30 0.694
35 0.700
40 0.706
45 0.710
50 0.715
55 0.718
60 0.722

(26) 000 Jgo—>
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ID

VD VS

0.6 0.7 0.8

05

0.4

0.3
VD (V)
26) J— Sl

0.2

0.1
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00000000 al—so ol
AN5402GD) J I)_D DDDD
0000000000 00000 00000 Ja®

000000, L VI
ID(mA) | VD(V)
(¢} (¢}

1 0.1
5 0.2
10 0.3
15 0.4
20 0.5
25 0.6
30 0.7
35 0.8
40 0.9
45 1
50 1.1
55 1.2
60 1.3

Q7)) 0 Jer—>
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VD VS ID

- 157 -

1.2

14



000 >g—>
0000000000 00000 00000 OO0

0000000 L0000
ID(mA) | VD(v)
0 0
1 0.734
5 0.776
10 0.795
15 0.807
20 0.816
25 0.823
30 0.829
35 0.835
40 0.839
45 0.843
50 0.848
55 0.851
60 0.856

28) 000 Jgo—s>
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70

60

10

VD vs ID

0.1 0.2 0.3 0.4 0.5 0.6
VD (v)
(28) J— Sl
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0.9



0000 >g—u>
0000000000 00000 00000 OO0

000000 w1
ID(mA) | VD(Vv)
0 0
1 0
5 0.046
10 0.23
15 0.65
20 2.00
25 4.07
30 6.32
35 9.15
40 12.46
45 16.20
50 20.00
55 24.07
60 28.90

29) 00 Jega—>
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ID (mA)

VD vs ID

10

15 20
VD (v)

29) J—Suadl
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25

30

35



asL 000 aluogll
0000 glawis] atD sLis

FIFERY
swo L0000
ID(mA) | VD(V)
0 0
1 0.549
5 0.617
10 0.646
15 0.665
20 0.678
25 0.688
30 0.696
35 0.704
40 0.710
45 0.716
50 0.722
55 0.727
60 0.732

(30) 000 Jga—>
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ID (mA)

70

60

50

40

20

10

VD VS ID

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
VD (v)
(30) J—<.adl

a0 al gl
0000 g leais] 000 sLis

000000 le—su VI
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.1
.2
.3

0
0

.5
.6
.7
.8
.9

0

0
0
1

1

ID(mA) | VD(Vv)

10

15

20
25

30

35

40

45

50
55

60

0 Jer—z

31)
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ID (mA)

70

60

50

40

20

10

VD vs ID

rd

rd

0.2

0.4 0.6 0.8 1 1.2
VD (v)

(31) J— <l

Al 29—u> ]
0000 gleais] a 000 sl

0000000 J'l.pu\”
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ID(mA) | Vb(Vv)
0 0
1 0.732
5 0.775
10 0.794
15 0.806
20 0.815
25 0.821
30 0.828
35 0.833
40 0.838
45 0.843
50 0.847
55 0.851
60 0.855

(G2) 0 Jgr—>
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VD vs ID

0.2

0.3 0.4 0.5 0.6
VD (v)

(32) J— Sl

il 290> ]
0000 gleais]l al00 slisl

000000 Lsu VI
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0.9



ID(mA) | VD(Vv)
0 0
1 0
5 0.042
10 0.056
15 0.638
20 1.430
25 3.610
30 7.350
35 11.25
40 14.96
45 18.53
50 22.31
55 26.15
60 30.50

B3) 0 Jgr—>
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-
()

VD vs ID

D
D

/

[
D

/

=z 48
£ k////,////”
a 30 /
?
5 0 5 10 15 20 25 30 35
VD (V)
(33) J— Sl
A | PRINSTTHTRT] P¥
0000 glewiu] 00000 sbLisd
(000000000000 - 0o0O a._lli A
IB=40u A |IB=30p A|IB=20 pA|IB=10 pA
Ic(*1mA) | Ic(£*1mA) | Ic(*1mA) | Ic(*1mA) | Vce(x1mv)
0 0 0 0 0
3.73 2.67 1.592 0.618 0.25
4.01 2.88 1.712 0.685 0.75
4.08 2.91 1.742 0.720 1
4.21 3.02 1.848 0.806 2
4.31 3.10 1.908 0.844 3
4.39 3.16 1.962 0.874 4
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(G4) 10 Jgo— >
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4. 3.20 1.988 0.894 5
4. 3.24 2.03 0.907 6
4. 3.28 2.06 0.915 7
4. 3.30 2.08 0.922 8
4. 3.33 2.10 0.935 9
4. 3.35 2.11 0.944 10
4. 3.37 2.12 0.940 11
4. 3.38 2.14 0.946 12
4. 3.41 2.15 0.949 13
4. 3.42 2.16 0.961 14
4. 3.43 2.17 0.958 15
( R=(2cm)




(34) ps, J—Sall

oo 1l g jil i
0000 glewiu] 00000 sLisd

000000000000 0000 a—J15] oss
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IB=40 pA IB=30 pA | IB=20 pA | IB=10 pA
Ic(+x1mA) Ic(+1mA) Ic(+1mA) Ic(*1mA) |Vce(*1imv)
0 0 0 0 0

3.71 2.69 1.63 0.627 0.25
3.96 2.86 1.76 0.691 0.75
4.00 2.88 1.79 0.710 1
4.14 2.98 1.87 0.797 2
4.26 3.08 1.95 0.844 3
4.33 3.14 2.00 0.872 4
4.41 3.17 2.03 0.888 5
4.46 3.21 2.06 0.899 6
4.51 3.25 2.08 0.907 7
4.54 3.27 2.10 0.922 8
4.59 3.30 2.12 0.925 9
4.63 3.32 2.13 0.931 10
4.66 3.34 2.13 0.937 11
4.68 3.35 2.15 0.940 12
4.72 3.37 2.15 0.943 13
4.75 3.41 2.16 0.946 14
4.79 3.43 2.17 0.947 15

R=(%1mm) R=(3cm)

(35) 09, Jgo— >
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(35) 08, J— Sl

EBcia01B)

0000 ) gianas jil yi
0000 g leais) 00000 sLisl

(00000000000 0000 a_IIJ'! Az

IB=40 pA

IB=30 pA

IB=20 pA

IB=10 pA

Ic(+1mA)

Ic(+1mA)

Ic(+1mA)

Ic(+1mA)

Vce(*1imv)
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0 0 0
3. 2.57 1.567 0.628
3. 2.77 1.678 0.702 .
3. 2.80 1.708 0.731 1
4. 2.93 1.808 0.811 2
4. 3.02 1.888 0.848 3
4. 3.08 1.937 0.876 4
4. 3.14 1.946 0.889 5
4. 3.18 2.01 0.910 6
4. 3.20 2.03 0.918 7
4. 3.23 2.05 0.921 8
4. 3.24 2.06 0.932 9
4. 3.27 2.07 0.942 10
4. 3.28 2.09 0.944 11
4. 3.30 2.10 0.946 12
4. 3.32 2.11 0.948 13
4. 3.34 2.12 0.950 14
4. 3.35 2.13 0.951 15
( R=(6.5cm)

(36) 00 Jgr—>
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(36) o9, J Sl

Go35.BC108) JI#D J,‘:_“')' I):.'
apinadl ax iVl Ll sl

gl 0000 & JI5] Jas

Tsec
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0.00 0.00 0.00 0.00
5 2.11 50 0.25
10 2.28 70 0.36
12 2.33 80 0.4
15 2.37 100 0.5
17 2.44 120 0.6
20 3.51 160 0.8
25 2.62 200 1.0

(37 ) ol Jor>

I(mAs) VS Ic(mA)

50 100 150 200
I(mAs)

73 ) e, JSuull

250



GCo3s5.BC108 >)

J |.)-D Dk i |)=

,....._,.l,.u s a1 an
Vee(v) Tima TimAs Tsec)
0.00 0.00 0.00 0.00
5 2.5 50 0.25
10 2.7 70 0.36
12 2.75 80 0.4
15 2.9 100 0.5
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17 3.0 120 0.6
20 3.1 160 0.8
25 3.4 200 1.0

(38 )-p-9,Jg>=>

I(mAs) vs Ic(mA)

35 pa—
3

0 50 100 150 200
Ic(mA)

8% ) p3, sl

250



CDo11.2a2219A) _)I_)—[I J_?HAUJJ!.P
i aadl le ).AJLD sl

gamplll ot a 1] Jus

Veelv) . Lo _
0.00 0.00 0.00 0.00
5 0.61 50 0.25
10 0.68 70 0.36
12 0.72 80 0.4
15 0.74 100 0.5
17 0.78 120 0.6
20 0.81 160 0.8
25 0.88 200 1.0

(39 ) 000 Jgr>
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I(mAs)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

I(mAs) vs Ic (mA)

50 100 150 200
Ic (mA)

93 ) 8, Sl
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«D11 2NZ2Z2Z19A) JI.# J L)J
aniaa] | axi VI ).uLD Sl...ul

gimplill ot aJI5] am

Vee(v) e fimAst Tisec)
0.00 0.00 0.00 0.00
5 0.6 50 0.25
10 0.58 70 0.36
12 0.57 80 0.4
15 0.56 100 0.5
17 0.54 120 0.6
20 0.53 160 0.8
25 0.51 200 1.0

(40 ) o5, J9>=>
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I (mAs) vs I(mA)

50

04

@Gciao01B)

100

150

Ic(mA)

) @5, LSl

JS.A—ML!

: s il

gulall sUs aJI;] Jus

200

250

Vee (V)

! mAE

1
fmAs|

Tisec
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0.00 0.00 0.00 0.00
5 1.07 50 0.25
10 1.13 70 0.36
12 1.15 80 0.4
15 1.18 100 0.5
17 1.23 120 0.6
20 1.27 160 0.8
25 1.37 200 1.0

(41)-p9,J9>>

I(mAs)vs Ic (mA)

14

100 150
Ic (mA)

) 05, LSl

200

250



GBciao01B D

S g sl i
avi ] amwVl Gl sl

izl pidl  sUs a1 am
Veelv) . et Tone
0.00 0.00 0.00 0.00
5 0.86 50 0.25
10 0.95 70 0.36
12 0.99 80 0.4
15 1.02 100 0.5
17 1.07 120 0.6
20 1.11 160 0.8
25 1.17 200 1.0
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I (mAs)

14

1.2

o
oo

o
o

0.2

(42) p5, 2>

I(mAs) vs Ic(mA)

o

50 100 150 200
Ic (mA)

24 ) pd, JSill

250



: 000000000 e p-0000 wlaslge
0000000 oa» sl,=>) 000000000 0O0DOOO OOOOOOD Jies elinl Jga=dl

00000000 5 L0100 000 09,01 asa 100 as 000 wle wlgo
00000000 00aooo
High Current Power sis2155 LEYBOLD Imax 20A
Supply DIDACTIC GMBH Umax 24v
Pmax240w
Transform at aran 151450 Made in Germany PRI 250 v
SEC14A

TYPEKAD3.5

Teslameter

LEYBOLD

Sis1662 Ul 230v
DIDACTIC GMBH P1 20VA
50-60 Hz
Power Supply for si117os.o3 PHYWE DC 0..16v
Semiconductor 0..3A
Experiment
DC-Power Supply for sisz1as LEYBOLD 0..15v
Semiconductor DIDACTIC GMBH 1.5A
Experiment
Multimeter HCs000 HUNG CHANG 20Amax
Made in korea 750v AC
1000 v DC
200 mA max

4 .00

DC-Micro Ameter

Si5189/1

10U

Philip

Harris Moving
coil

2.50hm




(43) p—l Jg2=>
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