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L L [¥) 9 ﬂ;. d' v
4.1 HANMINAADIMTTINIHNAINHVRIVARIAAgouAINBINIATDIEZ 19

i‘ftu"aﬁmmﬁ N (Function Generator)

M3190 4.1 : M1519TUNARAMINTZUAVDITYYINUUIDOAVBIUARIAAIA

I,, (mA)
£ Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
0.20 43.60 84.80 95.70 12550 | 10230 | 138.60
0.40 24.10 45.00 18.30 25.90 37.30 64.20
0.60 4.20 6.30 19.40 40.50 59.20 92.40
0.80 2.60 3.20 3.10 430 11.90 39.80
1.00 1.20 1.50 2.40 2.20 2.30 2.80
1.20 1.00 0.70 1.00 0.90 1.12 2.60
1.40 4.50 4.90 3.40 4.00 1.70 1.60
1.60 2.60 3.00 2.40 3.60 5.30 4.50
1.80 5.90 6.80 5.10 6.10 4.40 17.10
2.00 11.20 13.00 10.90 12.60 9.40 19.20
2.20 16.00 20.50 16.00 21.50 14.60 18.30
2.40 21.20 28.40 23.00 31.40 22.40 22.50
2.60 25.10 32.30 29.70 39.10 30.10 30.20
2.80 28.30 36.30 34.70 43.30 39.90 43.40
3.00 30.70 39.90 37.80 47.40 42.10 45.40
3.20 33.50 42.40 40.10 50.20 44.10 47.80
3.40 35.50 46.50 41.40 53.40 46.10 50.40




MINA 4.1 (\19) : MTNTUNNHAAINTZLAVBITYNAVIONYBIVARIAAIEN

I, (mA)
f Vs (V)

(MHz) | 10,00 12.50 15.00 17.50 20.00 25.00
3.60 3620 | 4810 | 4150 | 5520 | 4540 | 49.90
3.80 3690 | 4940 | 43.00 5710 | 4830 | 53.10
4.00 3130 | 5130 | 3620 59.40 | 4090 | 46.00
4.20 3290 | 5270 | 3850 | 5550 | 43.10 | 46.70
4.40 3320 | 4970 | 3870 5880 | 4310 | 46.60
4.60 3280 | 5170 | 3850 | 6040 | 4270 | 45.70
4.80 34.10 5290 | 4010 | 6340 | 4490 | 4830
5.00 38.80 5550 | 46.10 | 64.60 51.80 | 56.70
5.20 39.00 | 5560 | 4680 | 64.80 5280 | 5670
5.40 3940 | 5590 | 4720 | 65.40 53.00 | 56.10
5.60 4180 | 5760 | 4880 | 68.40 5220 | 54.10
5.80 42.30 5940 | 4990 | 6990 | 5400 | 57.40
6.00 4270 | 60.50 | 5030 70,30 5490 | 5840
6.20 4340 | 6010 | 5100 | 69.20 5520 | 58.00
6.40 4380 | 5840 | 5120 | 63.70 5520 | 5840
6.60 43.50 5840 | 5120 |  67.90 5500 | 57.70
6.80 4390 | 5900 | 5090 | 68.70 5490 | 58.10
7.00 4400 | 5960 | 5170 | 69.20 5570 | 5880
7.20 44.60 5970 | 5200 | 6930 | 5600 | 59.10
7.40 31.50 59.80 | 35.60 69.50 | 4140 | 44.80
7.60 2560 | 6020 | 3420 | 69.90 3850 | 40.80
7.80 3220 | 6100 | 3620 | 7020 | 3840 | 30.00
8.00 2640 | 6180 | 2870 | 70.00 2950 | 32.20
8.20 4740 | 6280 | 5390 | 7070 5780 | 60.90
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M3 4.1 (AD) : MITNTUNAHAMIATZUAYDITYYINUUIDDNVDIVARIAAIT

I (mA)
£ Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
8.60 49.10 64.30 55.40 72.90 58.40 61.20
8.80 48.90 63.80 55.20 72.40 59.10 61.90
9.00 39.20 63.50 | 44.70 71.80 48.50 51.50
9.20 40.80 63.80 | 46.10 71.70 50.80 53.90
9.40 42,50 62.30 47.70 69.10 50.70 54.10
9.60 42.70 5280 | 4820 58.20 52.30 54.40
9.80 43.50 5440 | 49.10 58.70 52.50 55.30
10.00 44.20 62.50 | 49.80 71.30 53.30 55.80

{ @ " T o o @ o 1
ﬂ"l'ﬂ\'lﬁ 42 . ﬂTﬁ'ls‘l‘]JuﬁﬂNﬂﬂ’lﬂTlMﬂ'ldﬂﬂtl‘l]ﬂﬂﬁfgﬂJu'Im‘lﬂﬂﬂﬂﬂJ@\‘I“Uﬂﬁ'Jﬂﬂ‘Jﬁﬁ

V., (V)
f Ve V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
0.20 26.10 30.60 33.40 36.50 38.70 44.90
0.40 30.50 33.50 34.50 37.50 41.00 47.50
0.60 25.60 31.30 38.00 41.60 45.00 51.00
0.80 31.10 25.60 32.30 37.30 43.30 50.00
1.00 17.00 22.20 26.80 32.20 36.80 47.00
1.20 14.80 18.80 23.80 27.40 32.90 41.20
1.40 14.70 18.40 22.40 25.70 29.70 37.60
1.60 21.10 26.40 31.80 37.00 41.90 35.80
1.80 19.80 25.50 30.60 35.40 40.60 47.00
2.00 20.10 24.90 29,60 34.70 39.70 48.30




i i @ v | o o as w i
GI'I‘;TN"?] 4.2 (¢9) : ﬂ'l‘i'N‘l_l‘LlﬁﬂNﬂﬂ’]ﬂ’]'l1]9’]'1\1ﬁﬂ6‘*|]ﬂﬂﬁiyﬁy']m‘lﬂﬂﬂﬂﬂlﬂﬁ‘ﬂﬂﬂ’lﬂm'Jﬂ'\‘i

v, V)
f Vs (V)

(MHz) | 10,00 12.50 15.00 17.50 20.00 25.00
2.20 19.30 2390 | 2730 33.80 3720 | 45.80
2.40 16.40 2110 | 2650 31.80 37.00 | 46.70
2.60 14.20 17.80 | 2420 24.90 3320 | 46.80
2.80 13.70 1760 | 21.30 24.50 26.60 34.00
3.00 14.00 17.50 | 21.20 24.30 27.50 32.00
3.20 13.40 17.30 20.50 23.70 26.00 31.10
3.40 13.20 1720 | 2030 23.80 26.60 | 34.00
3.60 13.20 17.20 19.70 22.80 2540 | 31.40
3.80 13.20 16.80 19.80 22.80 25.50 31.80
4.00 12.20 16,50 18.10 22.50 23.80 | 29.80
420 11.80 16.00 18.40 2230 2460 | 2970
4.40 11,70 16.10 17.80 21.20 2440 | 3030
4.60 11.70 16.00 17.30 21.70 23.00 28.20
4.80 11,10 15.20 17.60 21.50 23.10 28.30
5.00 11.80 15.40 17.70 21.00 2310 | 28.90
5.20 11,70 14.90 17.80 21.10 2330 | 28.30
5.40 12.10 15.00 18.40 20.60 2380 | 29.80
5.60 11.80 14.90 17.60 20.50 23.10 28.20
5.80 11.60 14.70 17.80 20.60 22.50 28.00
6.00 11.30 14.80 17.30 20.30 2240 | 2740
6.20 11.50 14.60 17.00 20.70 21.80 | 27.10
6.40 11.40 15.10 16.60 20.40 2140 | 27.30
6.60 10.90 14.70 17.40 19.50 22.50 26.80
6.80 11.40 14.40 16.70 19.40 2170 | 2720
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~ 1 o 1 | a a a1
AT NN 4.2, (9D) : (5]'I’i'N“ULlﬁﬂF\Iﬂﬂ1ﬂ'J’lMG’INﬂ’ﬂtﬁjENﬁfgty']ﬁu‘tﬂﬂ’E]ﬂ“UﬂQ‘Uﬂﬂ’Jﬂﬂ‘]ﬁﬂ

L Vs (V)

(MHz) | 19,00 1250 | 1500 | 1750 | 2000 | 25.00
7.00 11.10 14.20 16.60 19.30 21.50 26.70
7.20 11.20 13.90 16.30 19.20 21.40 26.30
7.40 10.40 14.00 15.40 19.10 20.30 25.90
7.60 10.30 14.00 15.10 18.70 20.30 25.10
7.80 10.00 14.00 14.80 18.70 20.40 25.00
8.00 10.10 13.70 15.00 18.80 19.90 24.90
8.20 11.10 13.80 16.10 18.80 21.00 26.10
8.40 10.40 13.80 16.10 18.50 21.30 26.10
8.60 10.80 13.60 15.70 18.90 20.90 26.30
8.80 10.80 13.70 15.90 18.80 21.10 25.80
9.00 10.40 13.50 15.50 18.50 20.60 25.60
9.20 9.90 13.30 15.10 18.30 21.00 26.00
9.40 10.50 13.10 15.70 17.90 20.70 25.50
9.60 10.30 12.80 15.20 17.60 20.30 24.90
9.80 10.20 13.20 15.50 18.10 20.00 25.00
10.00 9.90 13.50 15.30 18.60 20.20 25.10

M5197 43 : msaufinraminssuaues Y1 U19DNVDIVATIAAITL
I, (mA)
i Vs (V)

(MHz) | 10,00 12.50 15.00 17.50 2000 | 25.00
0.20 31.91 39.75 37.61 44.30 54.90 70.80
0.40 27.99 22.16 23.64 27.12 32.17 41.00
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M 4.3 (A9) : M5 1TuAnmamInszuaveIdYyaIUYIDBNUBIVAAIARITY

I, (mA)
f Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
0.60 19.38 2446 | 2938 32.76 3627 | 42.10
0.80 13.60 17.08 20.90 24.26 28.08 32.82
1.00 9.79 12.46 15.55 17.89 21.01 26.36
1.20 7.00 9.06 11.54 13.31 15.99 20.25
1.40 5.62 7.06 8.96 10.05 11.80 15.17
1.60 12.89 6.12 7.60 8.55 9.98 12.52
1.80 11.54 14.73 18.40 20.83 2446 | 32.10
2.00 10.30 12,97 15.98 18.41 g2 \\ss2
2.20 8.76 11.29 14.03 16.35 19.22 23.69
2.40 6.50 9.16 12.36 14,26 17.13 21.69
2.60 3.26 3.51 9.47 11.61 1442 | 29.28
2.80 3.62 3.10 5.36 4.28 11.55 16.36
3.00 2.82 2.70 423 3.94 5.28 6.37
3.20 2.76 2.49 421 3.56 5.44 6.51
3.40 2.41 2.66 3.65 3.66 4.65 5.58
3.60 2.28 2.54 3.35 3.53 4.44 5.43
3.80 2.42 2.06 3.38 2.94 433 5.06
4.00 2.11 2.16 3.15 3.03 4.06 4.88
4.20 2.55 2.29 2.72 3.17 3.55 431
4.40 1.92 1.91 2.63 2.84 3.43 4.16
4.60 1.75 1.62 2.66 2.36 3.50 4.8
4.80 2.83 1.55 4.11 2.38 5.06 5.86
5.00 2.56 1.55 3.67 2.48 4.48 2.25
5.20 2.75 2.19 4,03 3.38 5.00 5.87
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M19°9% 4.3 (AB) : MINVUTNHEAINTZUAUITYNAVIDDAYDIVAAIAAIT

L, (mA)
f Vps (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
5.20 275 2.19 4.03 3.38 5.00 5.87
5.40 3.55 2.18 5.37 2.92 7.01 7.86
5.60 5.14 3.57 8.29 4.05 10.65 12.35
5.80 10.37 1.90 14.30 2.65 16.65 18.67
6.00 5.30 2.18 8.01 2.89 9.50 11.28
6.20 2.27 2.39 3.49 3.35 431 5.00
6.40 1.16 1.56 1.87 2.16 2.24 2.60
6.60 0.57 1.67 0.86 2.34 1.14 1.36
6.80 026F—1 (157 0.32 2.31 0.47 0.61
7.00 0.45 122 0.58 1.65 0.61 0.72
7.20 0.50 1.24 0.62 1.35 0.75 0.90
7.40 0.68 0.89 0.87 0.94 L4 | 136
7.60 1.26 0.47 1.86 0.68 2.33 2.66
7.80 1.59 0.33 2.37 0.66 3.10 3.62
8.00 1.14 0.67 2.07 1.28 2.82 3.35
8.20 251 5.21 4.02 7.92 5.17 6.18
8.40 2.03 6.94 3.28 8.58 413 4.84
8.60 1.16 1.88 2.04 2.84 2.63 3.14
8.80 2.83 0.68 4.30 133 5.27 5.93
9.00 275 0.66 4.41 1.48 5.82 7.18
9.20 0.94 231 1.51 4.50 2.06 2.55
9.40 2.96 2.72 4.41 4.90 5.62 6.64
9.60 7.78 3.49 11.27 5.52 13.71 15.58
9.80 6.55 3.52 9.51 5.00 11.36 12.89




A15147 4.3 (A19) : MINTUNAHAAINTSUTVBITYYNAUUIDONUDIVADINAITU

L, (mA)
£ Vs (V)
(MHz) | 19,00 1250 | 15.00 1750 | 2000 | 25.00
10.00 4.89 p i) 7.12 4.08 8.63 9.82
M3 4.4 mrasufinnadianumeindues Q1M UI0DNVBIVARIAAITL
V,, (mV)
f Vs V)

(MHz) /1 10.00 1250 | 15.00 1750 | 2000 | 25.00
0.20 106.90 | 209.00 | 127.00 | 217.00 | 182.00 | 222.00
0.40 126.40 220.00 136.00 260.00 176.00 192.00
0.60 79.70 218.00 164.00 281.00 229.00 238.00
0.80 60.50 193.00 94.00 258.00 179.00 265.00
1.00 40.80 152.00 70.00 216.00 97.00 161.00
1.20 31.30 116.00 50.80 183.00 V 75.00 97.00
1.40 45.30 113.00 49.80 145.00 63.20 81.00
1.60 59.60 100.00 70.00 129.00 80.00 88.00
1.80 67.00 169.00 99.00 236.00 | 12800 | 164.00
2.00 72.00 179.00 94.00 243.00 119.00 183.00
2.20 69.00 187.00 97.00 232.00 124.00 145.00
2.40 96.00 163.00 | 111.00 | 232.00 | 132.00 | 156.00
2.60 100.00 172.00 141.00 225.00 168.00 170.00
2.80 146.00 171.00 189.00 196.00 188.00 192.00
3.00 125.00 158.00 149.00 223.00 167.00 190.00
3.20 145.00 192.00 179.00 251.00 199.00 211.00
3.40 116.00 185.00 140.00 224.00 153.00 160.00




i i ) 1 ' w o o o o
M35190 4.4 (f10) : MI1TuBIHAmIANNANANS Yo Ty MVIBBNUBIVAAIAR AT

v, (@mV)
f Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
3.60 139.00 180.00 152.00 206.00 150.00 144.00
3.80 199.00 147.00 235.00 167.00 244.00 225.00
4.00 128.00 139.00 120.00 168.00 125.00 131.00
4.20 83.00 188.00 84.00 229.00 102.00 109.00
4.40 121.00 245.00 136.00 276.00 151.00 154.00
4.60 131.00 208.00 167.00 224.00 177.00 185.00
4.80 255.00 214.00 296.00 264.00 320.00 340.00
5.00 240.00 206.00 258.00 223.00 261.00 271.00
5.20 271.00 229.00 287.00 268.00 289.00 299.00
5.40 259.00 213.00 297.00 225.00 330.00 350.00
5.60 279.00 107.00 370.00 137.00 440.00 470.00
5.80 500.00 137.00 630.00 160.00 720.00 790.00
6.00 253.00 175.00 340.00 186.00 390.00 440.00
6.20 126.00 266.00 167.00 313.00 194.00 219.00
6.40 115.00 261.00 144.00 308.00 153.00 165.00
6.60 141.00 340.00 159.00 390.00 180.00 190.00
6.80 180.00 300.00 190.00 370.00 210.00 220.00
7.00 230.00 238.00 240.00 330.00 250.00 260.00
7.20 290.00 241.00 310.00 330.00 340.00 350.00
7.40 320.00 245.00 360.00 317.00 390.00 410.00
7.60 410.00 268.00 450.00 290.00 490.00 510.00
7.80 400.00 256.00 480.00 283.00 530.00 560.00
8.00 330.00 261.00 400.00 292.00 450.00 480.00
8.20 270.00 280.00 300.00 320.00 330.00 350.00
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§ ¥ W ' ' w o o o W
ﬁ151<1ﬁ 4.4 (a0) . ﬂ'l‘i’N‘]Juﬁﬂﬂﬁﬂ"lﬂ')'ll]ﬁ']ﬂﬁﬂﬂ’ﬂﬂﬂ YYIUVIDDNUDIVADINAITU

V,, (mV)
f Vs (V)

(MHz) | 10,00 12.50 15.00 17.50 20.00 25.00
8.40 113.00 190.00 137.00 229.00 160.00 180.00
8.60 170.00 200.00 190.00 251.00 220.00 230.00
8.80 240.00 230.00 | 280.00 271.00 300.00 320.00
9.00 170.00 260.00 180.00 270.00 200.00 | 210.00
9.20 152.00 250.00 144.00 320.00 152.00 159.00
9.40 240.00 280.00 280.00 390.00 300.00 340.00
9.60 450.00 350.00 580.00 440.00 660.00 730.00
9.80 390.00 320.00 510.00 370.00 580.00 630.00
10.00 340.00 280.00 | 420.00 330.00 480.00 520.00

M3 4.5 manufinramsd e sdyaoveenvesuaniadads
P, (W)
f Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
0.20 1.1380 2.5949 3.1964 4.5808 3.9590 6.2231
0.40 0.7351 1.5075 0.6314 0.9713 1.5293 3.0495
0.60 0.1075 0.1972 0.7372 1.6848 2.6640 | 4.7124
0.80 0.0809 0.0819 0.1001 0.1604 0.5153 1.9900
1.00 0.0204 0.0333 0.0643 0.0708 0.0846 0.1316
1.20 0.0148 0.0132 0.0238 0.0247 0.0368 0.1071
1.40 0.0662 0.0902 0.0762 0.1028 0.0505 0.0602
1.60 0.0549 0.0792 0.0763 0.1332 0.2221 0.1611
1.80 0.1168 0.1734 0.1561 0.2159 0.1786 0.8037
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M3199 4.5 (@0) : my1nfuiinmasihas IWihvesdyanunoonvesvaaindads

P, (W)
£ Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
2.00 0.2251 0.3237 0.3226 0.4372 0.3732 0.9274
2.20 0.3088 0.4900 0.4368 0.7267 0.5431 0.8381
240 0.3477 0.5992 0.6095 0.9985 0.8288 1.0508
2.60 0.3564 0.5749 0.7187 0.9736 0.9993 1.4134
2.80 0.3877 0.6389 0.7391 1.0609 1.0613 1.4756
3.00 0.4298 0.6983 0.8014 1.1518 1.1578 1.4528
3.20 0.4489 0.7335 0.8221 1.1897 1.1466 1.4866
3.40 0.4686 0.7998 0.8404 1.2709 1.2263 1.7136
3.60 0.4778 0.8273 0.8176 1.2586 1.1532 1.5669
3.80 0.4871 0.8299 0.8514 1.3019 1.2317 1.6886
4.00 0.3819 0.8465 0.6552 1.3365 0.9734 1.3708
4.20 0.3882 0.8432 0.7084 1.2377 1.0603 1.3870
4.40 0.3884 0.8002 0.6889 1.2466 1.0516 1.4120
4.60 0.3838 0.8272 0.6661 1.3107 0.9821 1.2887
4.80 0.3785 0.8041 0.7058 1.3631 1.0372 1.3669
5.00 0.4578 0.8547 0.8160 1.3566 1.1966 1.6386
5.20 0.4563 0.8284 0.8330 1.3673 1.2302 1.6046
5.40 0.4767 0.8385 0.8685 1.3472 1.2614 1.6718
5.60 0.4932 0.8582 0.8589 1.4022 1.2058 1.5256
5.80 0.4907 0.8732 0.8882 1.4399 1.2150 1.6072
6.00 0.4825 0.8954 0.8702 1.4271 1.2298 1.6002
6.20 0.4991 0.8775 0.8670 1.4324 1.2034 1.5718
6.40 0.4993 0.8818 0.8499 1.2995 1.1813 1.5943
6.60 0.4742 0.8585 0.8909 1.3241 1.2375 1.5464
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ci [} LY} 1T o a 9 [ (Y U
M31N 4.5 (@10) : afuinramimas lWihvesdyananesnvesuaniadids

P, (W)
f Vs (V)

(MHz) | 19,00 12.50 15.00 17.50 20.00 25.00
6.80 0.5005 0.8496 0.8500 1.3328 1.1913 1.5803
7.00 0.4884 0.8463 0.8582 1.3356 1.1976 1.5700
7.20 0.4995 0.8298 0.8476 13306 1.1984 1.5543
7.40 0.3276 0.8372 0.5482 275 0.8404 1.1603
7.60 0.2637 0.8428 0.5164 1.3071 0.7816 1.0241
7.80 0.3220 0.8540 0.5358 1.3127 0.7834 0.7500
8.00 0.2666 0.8467 0.4305 1.3160 0.5871 0.8018
8.20 0.5261 0.8666 0.8678 1.3292 1.2138 1.5895
8.40 0.5023 0.8763 0.8807 1.3265 1.2397 1.5895
8.60 0.5303 0.8745 0.8698 1.3778 1.2206 1.6096
8.80 0.5281 0.8741 0.8777 1.3611 1.2470 1.5970
9.00 0.4077 0.8573 0.6929 1.3283 0.9991 1.3184
9.20 0.4039 0.8485 0.6961 1.3121 1.0668 1.4014
9.40 0.4463 0.8161 0.7489 1.2369 1.0495 1.3796
9.60 0.4398 0.6758 0.7326 1.0243 1.0617 1.3546
9.80 0.4437 0.7181 0.7611 1.0625 1.0500 1.3825
10.00 0.4376 0.8438 0.7619 1.3262 1.0767 1.4006

M3 4.6 : MantuAinwamsds e sdyymvesnvesuaaindaiy
P (W)
f Vis (V)

(MHz) | 10,00 12.50 15.00 17.50 20.00 25.00

0.20 0.0034 0.0083 0.0048 0.0096 0.0100 0.0157
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:i ] Y1 1 o a 9| s o
15140 4.6 (A0) : s1fufinramimas Wthvesdyauvieonvesunalndasy

P,, (W)
f Vps (V)

(MHz) | 19,00 12.50 15.00 17.50 20.00 25.00
0.40 0.0035 | 0.0049 | 00032 | 0.0071 | 0.0057 | 0.0079
0.60 0.0015 | 0.0053 | 00048 | 0.0092 | 0.0083 | 0.0100
0.80 0.0008 | 0.0033 | 00020 | 0.0063 | 0.0050 | 0.0087
1.00 0.0004 | 0.0019 | 0.0011 | 00039 | 00020 | 0.0042
1.20 0.0002 | 0.0011 | 00006 | 0.0024 | 00012 | 0.0020
1.40 0.0003 | 0.0008 | 00004 | 00015 | 0.0007 | 0.0012
1.60 0.0008 | 0.0006 | 00005 | 00011 | 0.0008 | 0.0011
1.80 0.0008 | 0.0025 | 00018 | 00049 | 0.0031 | 0.0053
2.00 0.0007 | 0.0023 | 0.0015 | 00045 | 00026 | 0.0047
2.20 0.0006 | 0.0021 | 00014 | 0.0038 | 0.0024 | 0.0034
2.40 0.0006 | 0.0015 | 00014 | 00033 | 00023 | 00034
2.60 0.0003 | 0.0006 | 0.0013 | 00026 | 00024 | 0.0050
2.80 0.0005 | 0.0005 | 00010 | 0.0008 | 0.0022 | 0.0031
3.00 0.0004 | 00004 | 00006 | 00009 | 00009 | 0.0012
3.20 0.0004 | 0.0005 | 0.0008 | 0.0009 | 00011 | 0.0014
3.40 0.0003 | 0.0005 | 00005 | 0.0008 | 0.0007 | 0.0009
3.60 0.0003 | 0.0005 | 00005 | 0.0007 | 0.0007 | 0.0008
3.80 0.0005 | 0.0003 | 0.0008 | 00005 | 0.0011 | 0.0011
4.00 0.0003 | 0.0003 | 0.0004 | 0.0005 | 0.0005 | 0.0006
4.20 0.0002 | 0.0004 | 00002 | 0.0007 | 0.0004 | 0.0005
4.40 0.0002 | 0.0005 | 0.004 | 0.0008 | 0.0005 | 0.0006
4.60 0.0002 | 0.0003 | 0.0004 | 0.0005 | 0.0006 | 0.0008
4.80 0.0007 | 0.0003 | 00012 | 0.0006 | 0.0016 | 0.0020
5.00 0.0006 | 0.0003 | 0.0009 | 0.0006 | 0.0012 | 0.0006
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P 1 R I o a 9 o o
M1519% 4.6 (#9) : M3iuAnwammas Ilihvesdyanaveenvesvaniadiiy

P, (W)
f Vps (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
520 0.0007 0.0005 0.0012 0.0009 0.0014 0.0018
5.40 0.0009 0.0005 0.0016 0.0007 0.0023 0.0028
5.60 0.0014 0.0004 0.0031 0.0006 0.0047 0.0058
5.80 0.0052 0.0003 0.0090 0.0004 0.0120 0.0147
6.00 0.0013 0.0004 0.0027 0.0005 0.0037 0.0050
6.20 0.0003 0.0006 0.0006 0.0010 0.0008 0.0011
6.40 0.0001 0.0004 0.0003 0.0007 0.0003 0.0004
6.60 0.0001 0.0006 0.0001 0.0009 0.0002 0.0003
6.80 0.0000 0.0005 0.0001 0.0009 0.0001 0.0001
7.00 0.0001 0.0003 0.0001 0.0005 0.0002 0.0002
7.20 0.0001 0.0003 0.0002 0.0004 0.0003 0.0003
7.40 0.0002 0.0002 0.0003 0.0003 0.0004 0.0006
7.60 0.0005 0.0001 0.0008 0.0002 0.0011 0.0014
7.80 0.0006 0.0001 0.0011 0.0002 0.0016 0.0020
8.00 0.0004 0.0002 0.0008 0.0004 0.0013 0.0016
8.20 0.0007 0.0015 0.0012 0.0025 0.0017 0.0022
8.40 0.0002 0.0013 0.0004 0.0020 0.0007 0.0009
8.60 0.0002 0.0004 0.0004 0.0007 0.0006 0.0007
8.80 0.0007 0.0002 0.0012 0.0004 0.0016 0.0019
9.00 0.0005 0.0002 0.0008 0.0004 0.0012 0.0015
9.20 0.0001 0.0008 0.0002 0.0014 0.0003 0.0004
9.40 0.0007 0.0008 0.0012 0.0019 0.0017 0.0023
9.60 0.0035 0.0012 0.0065 0.0024 0.0090 0.0114
9.80 0.0026 0.0011 0.0049 0.0019 0.0066 0.0081
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M1519% 4.6 (910) : M5 1tuiinHan g lfhvesdyanaviosnvesunalndads

P, (W)
fiMHz) Vi (V)
10.00 12.50 15.00 17.50 20.00 25.00
10.00 0.0017 | 0.0008 0.0030 | 0.0013 0.0041 0.0051
a15190 4.7 : ms1TuRanamilseansamueamsderunasnuuesvaain
n (%)
£ Vs (V)

(MHz) | 10,00 12.50 15.00 17.50 20.00 25.00
0.20 0.2998 | 03202 | 0.1494 | 02099 | 02524 | 0.2526
0.40 0.4813 0.3234 0.5092 0.7260 0.3702 0.2581
0.60 1.4366 | 2.7041 06536 | 05464 | 03118 | 0.2126
0.80 1.0176 4.0240 1.9620 3.9024 0.9755 0.4371
1.00 1.9580 5.6874 1.6923 5.4549 2.4078 3.2249
1.20 14804 | 79860 | 24632 | 9.8773 3.2546 1.8337
1.40 0.3849 | 0.8848 0.5859 | 1.4176 14770 | 2.0425
1.60 1.4004 0.7727 0.6971 0.8280 0.3595 0.6839
1.80 0.6619 1.4356 1.1672 | 2.2765 1.7526 | 0.6550
2.00 0.3294 0.7172 0.4656 1.0232 0.6862 0.5036
2.20 0.1957 0.4309 0.3116 0.5220 0.4388 0.4098
2.40 0.1795 0.2492 0.2251 0.3313 0.2728 0.3220
2.60 0.0915 | 0.1050 | 0.1858 | 0.2683 02424 | 0.3522
2.80 0.1363 0.0830 0.1371 0.0791 0.2046 0.2129
3.00 0.0820 | 0.0611 0.0787 | 0.0763 0.0762 | 0.0833
3.20 0.0892 | 0.0652 | 0.0917 | 0.0751 0.0944 | 0.0924
3.40 0.0597 0.0615 0.0608 0.0645 0.0580 0.0521
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A15199 4.7 (19) : M1519UNNHAAU T ANTAINUDINTAIHIURAINTUUDIVARIA

n (%)
f Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
3.60 0.0663 | 0.0553 | 0.0623 | 0.0578 | 00578 | 0.0499
3.80 0.0989 | 0.0365 | 00933 | 00377 | 0.0858 | 0.0674
4.00 0.0707 | 0.0355 | 0.0577 | 0.0381 | 0.0521 | 0.0466
420 0.0545 | 0.0511 | 0.0323 | 00587 | 0.0342 | 0.0339
4.40 0.0598 | 0.0585 | 00519 | 00629 | 0.0492 | 0.0454
4.60 0.0597 | 00407 | 00667 | 00403 | 00631 | 0.0614
4.80 01907 | 00413 | 01724 | 00461 | 01561 | 0.1458
5.00 0.1342 | 00374 | 0.1160 | 0.0408 | 0.0977 | 0.0372
5.20 0.1633 | 00605 | 01388 | 00663 | 01175 | 0.1094
5.40 0.1929 | 00554 | 01836 | 0.0488 | 0.1834 | 0.1646
5.60 02907 | 00445 | 03571 | 0039 | 03886 | 03805
5.80 1.0567 | 00298 | 1.0143 | 00294 | 09867 | 09177
6.00 02779 | 00426 | 03130 | 00377 | 03013 | 03102
6.20 0.0573 | 00725 | 00672 | 00732 | 0.0695 | 0.0697
6.40 0.0267 | 00462 | 00317 | 00512 | 00290 | 0.0269
6.60 0.0170 | 00661 | 00153 | 0.0689 | 00166 | 0.0167
6.80 0.0094 | 00554 | 00072 | 00641 | 00083 | 0.0085
7.00 0.0212 | 0.0343 | 00162 | 0.0408 | 00127 | 0.0119
7.20 0.0290 | 00360 | 00227 | 00335 | 00213 | 0.0203
7.40 0.0664 | 00260 | 0.0571 | 00224 | 00529 | 0.0481
7.60 0.1959 | 00149 | 0.1621 | 00151 | 0.1461 | 0.1325
7.80 0.1975 | 00099 | 02123 | 00142 | 02097 | 02703
8.00 0.1411 | 00207 | 01923 | 00284 | 02162 | 0.2006
8.20 0.1288 | 0.1683 | 01390 | 01907 | 01406 | 0.1361
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A15199 4.7 (519) : M5 19TUNNRAA1T2 ANT NINVBINS AIHIUNEINUYDIUAAIA

n (%)
f Vs (V)

(MHz) 10.00 12.50 15.00 17.50 20.00 25.00
8.40 0.0457 | 01505 | 0.0510 | 01481 | 0.0533 | 0.0548
8.60 0.0372 | 0.0430 | 00446 | 00517 | 0.0474 | 0.0449
8.80 0.1286 | 00179 | 0.1372 | 00265 | 0.1268 | 0.1188
9.00 0.1147 | 0.0200 | 0.1146 | 0.0301 | 0.1165 | 0.1144
9.20 0.0354 | 0.0946 | 00312 | 0.1097 | 0.0294 | 0.0289
9.40 0.1592 | 0.0933 | 0.1649 | 01545 | 0.1606 | 0.1636
9.60 0.7960 | 0.1807 | 0.8922 | 02371 | 08523 | 0.839
9.80 0.5757 | 0.1569 | 0.6373 | 0.1741 | 06275 | 0.5874
1000 | 03800 | 00919 | 03925 | 01015 | 03847 | 03646

1 T [ 9/ d'. d'!. b4
4.2 Nnﬂ'l‘i‘nﬂE’l?)\‘lmﬁNNTMWENQ'IH‘Ui’N‘Uﬂﬁ?ﬂiﬂﬂ‘ljﬂuﬂﬂuﬂmﬂlﬂiﬂ\‘lﬁ'iN

a t:u”tuu"nmmﬁm (Function Generator) TagazRun

{ a 1 ! w o i o’ @
ﬂﬁ'Nﬁ 48: G’I'l5’l\1‘U‘LlﬁﬂWﬁﬂ1‘?]'J"IJJ@’I'i»‘lﬁﬂU!.l,ﬁzﬂ’lﬂimlﬁ‘Uﬂﬂ UUIUVIDDNUDIVADIAAIT

g g

o

HAL Y IUVIDONUDIVARIAAITY

Ty UUIDBNYBIUAAIAAITY QY1 V1DBNUDIVARIAAITL
f I, (mA) vV, (V) I, (mA) V. (mV)
MH
( Z) VDS (V) VDS (v) VDS (V) VDS (V)

12.50 17.50 12.50 17.50 12.50 17.50 12.50 17.50

0.40 38.00 25.70 32.70 37.20 22.07 26.90 219.00 | 239.00

0.45 40.50 44.90 34.60 38.00 30.45 23.48 269.00 | 244.00

0.50 23.00 73.20 34.30 41.50 29.45 29.45 236.00 | 284.00

0.55 7.80 59.20 33.20 41.60 27.04 34.53 223.00 | 297.00
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] 1 a 1 T w o 1 @
M15199 4.8 (79) : MFTUANNAAIAINANARILAZAINSLUAYDIT QY QY INUVIDBNYDIVARIA

A9 Ty IAUIBDNUBIVARIAAITY

o

YYINUIDONYDIVATAINA I Y IUVIDONVOIVARIAAIT
f I (mA) v, (V) I,.(mA) vV, (mV)
(M) Vs (V) Vs (V) Vs (V) Vg (V)

1250 | 17.50 | 1250 | 17.50 | 1250 | 17.50 | 12.50 | 17.50
0.60 6.40 41.00 | 3140 | 4140 | 2453 | 3248 | 216.00 | 267.00
0.65 5.40 28.00 | 3030 | 4090 | 2233 | 3024 | 222.00 | 288.00
0.70 4.50 1480 | 2890 | 4020 | 2038 | 28.05 | 227.00 | 298.00
0.75 3.70 5.00 27.50 | 3890 | 18.65 | 26.04 | 186.00 | 277.00
0.80 3.10 4.30 2630 | 3720 | 17.13 | 24.06 | 183.00 | 271.00
0.85 2.70 3.80 2520 | 3580 | 1581 | 2230 | 157.00 | 253.00
0.90 2.30 3.30 24.10 | 3430 | 14.62 | 20.65 | 184.00 | 216.00
0.95 1.90 2.80 0 /| 230 \[T AL 19.14 | 155.00 | 251.00
1.00 1.50 2.20 2210 | 3200 | 1249 | 17.73 | 139.00 | 235.00
1.05 1.20 1.80 21,70 | 30.10 | 11.56 | 16.46 | 148.00 | 186.00
1.10 0.80 1.50 2030 | 29.60 | 10.69 | 1530 | 133.00 | 174.00
158 0.60 1.20 19.10 | 29.00 9.87 1422 | 108.00 | 202.00
1.20 0.70 0.90 18.80 | 27.30 9.08 13.19 | 147.00 | 193.00
& 1.30 0.90 1820 | 27.00 8.36 12.25 | 170.00 | 153.00
1.30 2.30 1.50 18.40 | 25.90 7.80 1129 | 9500 | 177.00
1.35 3.50 2.50 18.10 | 25.70 7.39 10.53 | 89.00 | 141.00
1.40 4.80 3.90 18.40 | 25.50 7.04 9.94 | 104.00 | 173.00
1.45 6.20 5.40 18.70 | 25.10 6.80 9.48 | 159.00 | 164.00
1.50 7.60 7.10 18.70 | 25.50 6.55 9.12 | 160.00 | 129.00
1.55 2.80 8.80 2530 | 25.90 6.33 8.75 | 124.00 | 145.00
1.60 3.00 3.60 2630 | 3730 | 15.65 845 | 105.00 | 122.00
1.65 3.50 3.70 2530 | 3590 | 15.95 8.17 | 184.00 | 120.00
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{ ¥ 1 T o ' @
ﬁ'l‘i'Nﬁ 4.8 (90) : ﬁ'l'liN‘U‘L.lﬁﬂﬂﬂ'Fl'lﬂ'?l'lllﬂ']QﬁﬂﬂLLﬂ%ﬂ']ﬂigiL’ﬂ‘U@\'! UVIUUVIDDNUDIVARIA

s

ATaE Ay IUYIBNUBIVAAIAAITY

Yoy 1M1 00NYDIVARINAIT

TRy 1019109V 0IUARINAITU

f I, (mA) V. (V) I (mA) v, (mV)
(MHz) Vs (V) Vo (V) Voo (V) Vs (V)
12.50 17.50 | 1250 | 17.50 | 12.50 | 17.50 | 1250 | 17.50
1.70 4.30 4.10 2620 | 35.00 | 15.61 7.90 | 154.00 | 161.00
1,75 5.30 4.80 2450 | 3620 | 1517 | 21.24 | 157.00 | 228.00
1.80 6.50 5.90 2540 | 3540 | 1470 | 20.61 | 166.00 | 244.00

A1319% 4.9 : M51TuNnHammMas Ifhvesdanuvieenvosvaaladduay

9ONVYDIVARINAITU

P, (W) P (W)

1 Vs (V) Vps (V)
(MHz) 12.50 17.50 12.50 17.50
0.40 1.2426 | 0.9560 | 0.0048 0.0064
0.45 1.4013 17062 | 0.0082 0.0057
0.50 0.7889 | 3.0378 | 0.0070 0.0084
0.55 02590 | 24627 | 0.0060 0.0103
0.60 0.2010 1.6974 | 0.0053 0.0087
0.65 0.1636 1.1452 | 0.0050 0.0087
0.70 0.1301 0.5950 | 0.0046 0.0084
0.75 0.1018 | 0.1945 0.0035 0.0072
0.80 0.0815 | 0.1600 | 0.0031 0.0065
0.85 0.0680 | 0.1360 | 0.0025 0.0056
0.90 0.0554 | 0.1132 | 0.0027 0.0045
0.95 0.0450 | 0.0916 | 0.0021 0.0048

o

GRTRTRLIAT




P J @ &R 1 o a EY s a 1
M1519% 4.9 (110) : MstuAnHanmae Iihvesdyananesnvesuaaadidaag

TYYINUVIDONVDIVARIAAITY

B, (W) P (W)
£ Vps (V) Vs (V)
(MHz) 12.50 17.50 12.50 17.50
1.00 0.0332 | 00704 | 0.0017 | 0.0042
1.05 0.0260 | 00542 | 0.0017 | 0.0031
1.10 0.0162 | 0.0444 | 00014 | 00027
1.15 0.0115 | 00348 | 00011 | 0.0029
120 00132 | 00246 | 00013 | 00025
1.25 0.0237 | 00243 | 00014 | 00019
130 0.0423 | 00389 | 00007 | 0.0020
135 00634 | 00643 | 00007 | 0.0015
1.40 0.0883 | 0.0995 | 0.0007 | 00017
1.45 0.1159 | 01355 | 00011 | 0.0016
1.50 0.1421 | 01811 | 00010 | 00012
1.55 0.0708 | 02279 | 0.0008 | 0.0013
1.60 0.0789 | 0.343 | 0.0016 | 0.0010
1.65 0.0886 | 0.1328 | 0.0029 | 0.0010
1.70 0.1127 | 0.1435 | 00024 | 0.0013
175 0.1299 | 01738 | 0.0024 | 0.0048
1.80 0.1651 | 02089 | 00024 | 0.0050

62



A15197 4.10 : M519TUNANAAUTLANTNINVRINIS AR IUNSINUVIUAAIN

1 (%) 1 (%)
f Vs (V) f Vps (V)
(MHz) 12.5 17.5 (MHz) 12.5 17.5
0.40 03890 | 0.6725 115 9.3016 8.2541
0.45 0.5845 | 0.3358 1.20 10.1426 10.3609
0.50 0.8810 | 0.2753 1.25 6.0068 7.7130
0.55 23285 | 04164 1.30 17509 5.1437
0.60 26366 | 0.5109 135 1.0382 2.3109
0.65 3.0297 | 0.7605 1.40 0.8290 1.7291
0.70 3.5573 | 1.4050 1.45 0.9326 1.1471
0.75 34092 | 3.7085 1.50 0.7374 0.6498
0.80 38450 | 4.0762 1.55 1.1080 0.5567
0.85 3.6481 | 4.1472 1.60 2.0827 0.7677
0.90 48531 | 39406 | 165 3.3143 0.7381
0.95 4.6503 | 5.2470 1.70 2.1338 0.8863
1.00 52371 | 59184 1.75 1.8342 2.7870
1.05 6.5702 | 5.6507 1.80 1.4780 2.4078
1.10 87547 | 59959

63



64

= A v v 9, a a
4.2 MINUHUNIHANITNAADAUADUIHEH TN vARIA lasioun1INDINAS DY

a3 TYY 1NN (Function Generator) Ingazidun

A15199 4.11 : MT19TUNNNANTITNARDINITIROUS Uz 19T EnI9vaaa Tasdlounnudon

1A509a3 19T Y 1UUIANT (Function Generator) 1avazidun

TLULH I (mA) V. (mV)
g 2 d o 2 z L. Y
AvaNl | AseA2 | ASeN3 | Asanl | Asen2 | mSans

YAAIA
0 10.32 10.08 10.09 128.00 | 11000 | 126.00
5 7.72 .77 7.93 60.00 75.00 79.00
10 5.83 5.81 5.87 41.80 49.10 50.40
15 4.48 4.8 438 34.00 35.50 35.20
20 3.35 3.42 3.45 31.00 30.10 30.20
25 2.84 2.79 2.82 28.80 26.90 27.10
30 2.33 2.26 2.28 27.60 24.30 24.70
35 1.81 1.79 1.80 26.50 22.80 23.10
40 1.47 1.47 1.48 25.90 22.40 21.80
45 1.25 1.23 1.24 26.00 21.20 21.10
50 1.04 1.05 1.04 24.20 19.70 20.60
55 0.86 0.86 0.88 24.30 20.00 20.00
60 0.73 0.72 0.73 23.20 19.30 20.60
65 0.63 0.62 0.63 24.10 18.90 20.90
70 0.54 0.54 0.54 23.70 18.60 19.60
75 0.47 0.47 0.47 24.10 18.80 19.90
80 0.4 0.42 0.41 23.40 19.50 20.00
85 0.37 0.37 0.35 22.80 18.90 19.80
90 0.34 0.32 0.33 21.60 17.60 19.20
95 0.30 0.29 0.29 21.90 18.10 19.00
100 0.27 0.26 0.25 23.40 19.10 19.40
105 0.23 0.22 0.22 21.40 18.70 18.50
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dl ' V-1 A'l, ] ] Y t:{
A1519% 4.11 (A9) : MINVUNAINANITNAADINITIADUIZIEHITEH AR Tasilounnud

INATOIAT T YYIUUIANT (Function Generator) Tavaziden

PEIEACRN I_(mA) V,,(mV)
NN g 4 ¥ Y 4 AL g g
Asanl | asan2 | Asan3 | asel | asen2 | asen3

YARIA
110 0.20 0.19 0.20 16.90 18.50 17.90
115 0.18 0.18 0.18 16.30 17.80 17.90
120 0.16 0.16 0.16 16.60 18.40 18.80
125 0.14 0.14 0.15 16.60 18.40 18.85
130 0.13 0.13 0.13 16.50 18.40 19.20
135 0.13 0.12 0.12 16.70 18.20 18.20
140 0.12 0.11 0.11 16.60 18.40 18.50
145 0.11 0.10 0.11 16.40 18.70 18.40
150 0.10 0.10 0.09 17.50 23.10 17.80
155 0.08 0.08 0.08 16.40 18.10 18.00
160 0.07 0.07 0.07 16.20 18.70 17.90
165 0.05 0.06 0.06 16.80 17.70 17.60
170 0.05 0.05 0.05 16.60 18.60 18.50
175 0.03 0.05 0.04 16.40 18.10 18.00
180 0.03 0.04 0.03 16.50 17.90 18.10
185 0.03 0.03 0.30 15.90 18.50 18.60
190 0.03 0.02 0.02 17.80 18.40 18.40
195 0.02 0.02 0.02 18.00 18.90 18.20
200 0.02 0.01 0.01 17.50 19.30 19.10
205 0.01 0.01 0.01 17.60 19.80 18.90
210 0.01 0.01 0.01 17.00 19.20 19.10
215 0.01 0.00 0.01 16.90 19.70 19.30
220 0.00 0.00 0.00 17.10 19.40 19.50
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= 1 @ 2R A'q 1 1 Y a
$1519N 4.11 (919) : G]’l‘iN‘Uu‘ﬂﬂﬂﬂﬂﬁﬂﬂa’ﬂﬂﬂﬁm@u53831’1’1@58‘”’J'Nﬁ.lﬂa?ﬂiﬂtlﬂﬂuﬂﬁ'mﬂ

NATIA3 19T YYIUUIAAT (Function Generator) TAvALIDA

SLYZHI
, I, (AVG) V,.(AVG) e P, n
LU
(mA) (mV) (W) (W) (%)
VARIN

0 10.1633 121.3333 0.0012 0.0246 5.0189

5 7.8067 71.3333 0.0006 0.0246 2.2665
10 5.8367 47.1000 0.0003 0.0246 1.1189
15 4.3800 34.9000 0.0002 0.0246 0.6221
20 3.4067 30.4333 0.0001 0.0246 0.4220
25 2.8167 27.6000 0.0001 0.0246 0.3164
30 2.2900 25.5333 0.0001 0.0246 | 0.2380
3B 1.8000 24,1333 0.0000 0.0246 0.1768
40 1.4733 23.3667 0.0000 0.0246 0.1401
45 1.2400 22.7667 0.0000 0.0246 0.1149
50 1.0433 21.5000 0.0000 0.0246 0.0913
55 0.8667 21.4333 0.0000 0.0246 0.0756
60 0.7267 2130333 0.0000 0.0246 0.0622
65 0.6267 21.3000 0.0000 0.0246 0.0543
70 0.5;100 20.6333 0.0000 0.0246 0.0453
75 0.4700 20.9333 0.0000 0.0246 0.0400
80 0.4233 20.9667 0.0000 0.0246 0.0361
85 0.3633 20.5000 0.0000 0.0246 0.0303
90 0.3300 19.4667 0.0000 0.0246 0.0261
95 0.2933 19.6667 0.0000 0.0246 0.0235
100 0.2600 20.6333 0.0000 0.0246 0.0218
105 0.2233 19.5333 0.0000 0.0246 0.0178
110 0.1967 17.7667 0.0000 0.0246 0.0142
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A1519% 4.11 (@9) : 915190 UAPHANMINARBIMTIAOUTZEEHIITEH IR a0 Taedloun1ud

INATIASNTYYIUUIAN (Function Generator) Iavazidun

SEYLHI
- I .(AVG) Voul(AVG) B P. 7
TEHI
(mA) (mV) (W) (W) (%)
YAAIA
115 0.1800 17.3333 0.0000 0.0246 0.0127
120 0.1600 17.9333 0.0000 0.0246 0.0117
125 0.1433 17.9500 0.0000 0.0246 0.0105
130 0.1300 18.0333 0.0000 0.0246 0.0095
135 0.1233 17.7000 0.0000 0.0246 0.0089
140 0.1133 17.8333 0.0000 0.0246 0.0082
145 0.1067 17.8333 0.0000 0.0246 0.0077
150 0.0967 19.4667 0.0000 0.0246 0.0077
155 0.0800 17.5000 V 0.0000 0.0246 0.0057
160 0.0700 17.6000 0.0000 0.0246 0.0050
165 0.0567 17.3667 0.0000 0.0246 0.0040
170 0.0500 17.9000 0.0000 0.0246 0.0036
175 0.0400 17.5000 0.0000 0.0246 0.0028
180 0.0333 17.5000 0.0000 0.0246 0.0024
185 0.1200 17.6667 0.0000 0.0246 0.0086
190 0.0233 18.2000 0.0000 0.0246 0.0017
195 0.0200 18.3667 0.0000 0.0246 0.0015
200 0.0133 18.6333 0.0000 0.0246 0.0010
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L (mA) V.(V)
f Vs (V) Ve (V)

Ll 12.50 15.00 17.50 12.50 15.00 17.50
0.70 4.30 5.40 16.90 29.20 35.50 41.60
0.75 3.60 4.20 4.80 28.70 32.70 38.60
0.80 3.50 4.10 4.60 26.50 32.40 38.20
0.85 2.90 3.30 3.80 26.20 31.40 37.00
0.90 2.70 3.10 3.50 24.40 29.50 34.90
0.95 1.90 2.30 3.30 24.00 28.70 35.00
1.00 1.60 2.00 5.80 22.10 27.20 33.40
1.05 1.30 1.60 4.80 21.90 26.90 31.30
1.10 0.80 2.30 6.00 20.60 25.90 31.60
1.15 0.80 3.30 9.40 19.20 25.00 31.40
1.20 0.80 4.80 1750 19.00 25.10 32.40
1.25 1.50 5.50 22.00 18.60 24.30 33.20
1.30 2.70 4.90 21.50 18.80 23.70 31.80
1.35 4.70 7.40 26.00 19.50 24.40 31.70

i LY i 1 o o [ o o
179N 4.13: ﬂWﬁTQUuﬁﬂNﬁﬂ'Iﬂixllﬁtm:’;ﬂ’ﬂllﬁ'}ﬂﬁﬂﬂ‘llﬂﬂ UUIUVIDDNUBIUANIAAITU

I, (mA) V,, (mV)
f Vs (V) Vs (V)
(MHz) 12.50 15.00 17.50 12.50 15.00 17.50
0.70 19.86 23.79 27.05 69.00 81.00 117.00
0.75 18.25 21.90 25.44 62.90 77.00 95.00
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I, (mA) vV, @mV)
f Vs (V) Vs (V)

(MHz) |15 59 15.00 17.50 12.50 15.00 17.50
0.80 1686 | 2033 | 2369 | 6400 | 6700 | 81.00
0.85 15.57 1873 | 2180 | 6500 | 7100 | 77.00
0.95 13.32 1607 | 1885 | 57.50 6500 | 61.30
1.00 12.33 14.91 1770 | 56.70 59.80 | 68.00
1.05 11.32 1377 | 1646 | 6260 | 6070 | 70.00
1.10 10.54 12.83 15.31 56.60 5770 | 61.00
1.15 9.77 12.05 1463 | 5100 | 5510 | 65.00
1.20 9.00 1139 | 1420 | 5790 | 6040 | 80.00
1.25 8.33 10.63 1359 | 56.60 5920 | 97.00
1.30 791 9.94 13.18 | 5320 | 5520 | 83.00
1.35 7.57 9.59 1230 | 5320 | 5230 | 79.00

69

M0 4.14 : maetufinwamimas ihuesdyanuvieenvesvaaiadidans dyaan

D0NVDIVARIAAITY
P, (W) P (W)
f Vs (V) Vs (V)

(MHz) 12.50 15.00 17.50 12.50 15.00 17.50
0.70 0.1256 0.1917 0.7030 0.0014 0.0019 0.0032
0.75 0.1033 0.1373 0.1853 0.0011 0.0017 0.0024
0.80 0.0928 0.1328 0.1757 0.0011 0.0014 0.0019
0.85 0.0760 0.1036 0.1406 0.0010 0.0013 0.0017
0.90 0.0659 0.0915 0.1222 0.0009 0.0012 0.0014
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P, (W) P, (W)
f Vs (V) Vs (V)

(MHz) | 5 59 15.00 17.50 12.50 15.00 17.50
095 | 00456 | 00660 | 0.1155 | 00008 | 0.0010 | 0.0012
100 | 00354 | 00544 | 0.1937 | 00007 | 00009 | 0.0012
105 | 00285 | 00430 | 01502 | 0.0007 | 0.0008 | 0.0012
110 | 00165 | 0059 | 0.1896 | 0.0006 | 00007 | 0.0009
115 | 00154 | 00825 | 02952 | 00005 | 00007 | 0.0010
120 | 00152 | 01205 | 05670 | 00005 | 00007 | 0.0011
125 | 00279 | 01337 | 07304 | 00005 | 00006 | 0.0013
130 | 00508 | 0.1161 | 06837 | 00004 | 00005 | 00011
135 | 00917 | 01806 | 08242 | 0.0004 | 00005 | 0.0010

A15199 4.15 : MITUNNHAATY T ANTAINYDINTAIRIUNAITHYBIVAA IR

n (%)
f Vs (V)

(MHz) 17.50
0.70 10914 | 1.0052 | 0.4502
0.75 L1110 | 12278 | 13044
0.80 11634 | 1.0254 | 1.0920
0.85 13320 | 12834 | 1.1988
0.90 13960 | 13068 | 1.1456
0.95 16796 | 15824 | 1.0004
1.00 19771 | 16390 | 0.6213
105 | 24890 | 19420 | 0.7669
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A15199 4.15 (919) : MT19TUNNNAAIITEANTNIHUDINIT FIHIUNAINUVDIUAAIN

n (%)
f Vs (V)

(MHz) | 1559 15.00 17.50
110 | 36199 | 12427 | 04926
115 | 32439 | 08048 | 03222
120 | 34283 | 05710 | 0.2004
1.25 16899 | 04709 | 0.1805
130 | 08290 | 04725 | 0.1600
1.35 04394 | 02778 | 0.1179

71

w = A 1 T Y -:;
4.4 MINVHNARANITNABRIIHIZELINNITHINYvaadalneilounudaIn9es

= d
RELEBIGHIRE]

A15190 4.16: ﬂ'l‘i'N‘LTuﬁﬂNﬁﬂ’l51‘1ﬂﬂﬂQﬂ'ﬁLﬁﬂuitﬂgﬁ'mi&’ﬂ‘j’lﬁjﬂﬁ’mTﬂﬂ‘ﬂﬂuﬂ’ﬂuamﬂ

a o
WIT0DTHALALANDT

TTUZNN I, (mA) v, (mV)
NI i RS L 2 2 4 2
AT | ATIN2 | ATN3 | Asenl | Asen2 | A3

YAQIA
0 8.47 8.50 8.61 60.50 82.00 89.00
5 6.57 6.64 6.70 50.20 70.00 66.00
10 491 4.91 5.01 42.20 57.80 55.70
15 3.60 3.61 3.71 43.70 52.30 46.70
20 2.91 2.87 2.92 44.20 53.30 43.60
25 2.33 2.33 2.35 45.80 47.20 47.40
30 1.89 1.89 1.92 46.30 48.00 40.30
35 1.50 1.50 11 43.00 48.80 40.40
40 1.23 1.24 125 42.80 52.00 40.20
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a ¢
NNITDTHALALADT

TLYLH I, (mA) v, (mv)
ST i 3 w v ¥ g 2 4
ASIN1 | A2 | a3 | asenl | asen2 | asen3

YAAIA
45 1.03 1.04 1.05 41.50 45.70 39.40
50 0.87 0.88 0.88 47.20 47.50 39.80
55 0.73 0.73 0.73 39.90 46.20 45.60
60 0.60 0.61 0.60 39.20 38.60 46.30
65 0.51 0.51 0.52 42.60 41.20 46.20
70 0.44 0.44 0.44 43.10 41.40 59.50
75 0.37 037 0.37 42.00 36.90 56.40
80 0.31 0.31 0.30 45.70 37.80 39.50
85 0.26 0.26 0.26 42.50 38.30 34.70
90 0.22 0.22 0.22 41.10 36.00 40.20
95 0.18 0.19 0.19 43.00 37.00 38.90
100 0.15 0.15 0.15 44.40 40.70 37.40
105 0.10 0.11 0.11 44.10 37.00 35.70
110 0.07 0.09 0.09 44.90 34.10 36.20
F15 0.06 0.06 0.06 42.70 38.40 3570
120 0.04 005 0.05 43.30 38.70 38.90
125 0.03 0.04 0.0 46.20 46.30 50.20
130 0.02 0.02 0.02 40.20 45.10 44.60
135 0.01 0.01 0.01 38.30 48.40 44.90
140 0.01 0.00 0.01 47.90 44.80 44.20
145 0.01 0.00 0.01 47.50 46.80 45.30
150 0.01 0.00 0.00 50.40 48.20 48.40
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J9FPRATAIANDT
JLYLHN
, I (AVG) Vv, (AVG) P, P
TENIN n (%)
(mA) (mV) (W) (W)
YAA2A

0 8.5267 77.1667 0.0007 0.0165 3.9926

5 6.6367 62.0667 0.0004 0.0165 2.4995

10 4.9433 51.9000 0.0003 0.0165 1.5568
15 3.6400 47.5667 0.0002 0.0165 1.0506
20 2.9000 47.0333 0.0001 0.0165 0.8276
25 23367 46.8000 0.0001 0.0165 0.6636
30 1.9000 44,8667 0.0001 0.0165 0.5173
35 1.5033 44.0667 0.0001 0.0165 0.4020
40 1.2400 45.0000 0.0001 0.0165 0.3386
45 1.0400 42.2000 0.0000 0.0165 0.2663
50 0.8767 44,8333 0.0000 0.0165 0.2385
55 0.7300 43.9000 0.0000 0.0165 0.1945
60 0.6033 41.3667 0.0000 0.0165 0.1514
65 0.5133 43.3333 0.0000 0.0165 0.1350
70 0.4400 48.0000 0.0000 0.0165 0.1282
75 0.3700 45.1000 0.0000 0.0165 0.1013
80 0.3067 41.0000 0.0000 0.0165 0.0763
85 0.2600 38.5000 0.0000 0.0165 0.0607
90 0.2200 39.1000 0.0000 0.0165 0.0522
95 0.1867 39.6333 0.0000 0.0165 0.0449
100 0.1500 40.8333 0.0000 0.0165 0.0372
105 0.1067 38.9333 0.0000 0.0165 0.0252
110 0.0833 38.4000 0.0000 0.0165 0.0194

- 115 0.0600 38.9333 0.0000 0.0165 0.0142
120 0.0467 40,3000 0.0000 0.0165 0.0114
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[ qul(AVG) Vuut(AVG) Pnul Pirl
JTUIN n (%)

(mA) (mV) (W) (W)

YAAIA

125 0.0333 47.5667 0.0000 0.0165 0.0096
130 0.0200 43.3000 0.0000 0.0165 0.0053
135 0.0100 43.8667 0.0000 0.0165 0.0027
140 0.0067 45,6333 0.0000 0.0165 0.0018
145 0.0067 46.5333 0.0000 0.0165 0.0019
150 0.0033 49.0000 0.0000 0.0165 0.0010
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Wireless Power Transmission Using Magnetic Resonance

Mandip Jung Sibakoti and Joey Hambleton
Cornell College PHY312, December 2011, Professor Derin Sherman

1. INTRODUCTION

Our project was based upon a MIT published paper in the year 2007 titled
“Wireless Power Transfer via Strongly Coupled Magnetic Resonances” [1]. The
project was researched by former Cornell students Lucas Jorgensen and Adam
Culberson in the year 2008 [2].

During the course of this research, we investigated the need and usefulness of
wireless power transmission and the feasibility of using magnetic inductive
coupling as the means for wireless power transmission. The paper will outline our
design process and the logical steps we took in the experimentation and design of
our circuits. The first section of the document will explicitly illustrate the goals
we set to accomplish during the allotted time frame of three and a half weeks.
With the complexity of the problem in mind and what we must accomplish, our
team began research on the available means to transmit power without a physical
connection.

1.1 HISTORY

Previous schemes for wireless power transmission included attempts by the late
scientist Nikola Tesla and the Microwave power transmission. Both Tesla's design
and the later microwave power were forms of radiative power transfer. Radiative
transfer, used in wireless communication, is not particularly suitable for power
transmission due to its low efficiency and radiative loss due to its omnidirectional
nature. An alternative approach was pursued by a MIT team that exploited some
near field interaction between the source and device so that efficient power
transfer was possible. The approach was evanescent wave coupling.

1.2 THEORITICAL BACKGROUND

The principle of Evanescent Wave Coupling extends the principle of
Electromagnetic induction. Electromagnetic induction works on the principle of a
primary coil generating a predominantly magnetic field and a secondary coil
being within that field so a current is induced within its coils. This causes the
relatively short range due to the amount of power required to produce an
electromagnetic field. Over greater distances the non-resonant induction method
is inefficient and wastes much of the transmitted energy just to increase range.
This is where the resonance comes in and helps the efficiency dramatically by
"tunneling" the magnetic field to a receiver coil that resonates at the same
frequency.



Theoretical analysis shows that by sending electromagnetic waves around in a
highly angular waveguide', evanescent waves are produced which carry no
energy. If a proper resonant waveguide is brought near the transmitter, the
evanescent waves can allow the energy to tunnel to the power drawing
waveguide, where they can be rectified into DC power. Since the electromagnetic
waves would tunnel, they would not propagate through the air to be absorbed or
be dissipated, and would not disrupt electronic devices or cause physical injury.

1.3 INTENDED GOALS

Our primary goal was to be able to wirelessly transfer power (in watts) of an AC
oscillating waveform into a DC voltage on the receiving end, which could be used
to power an electrical load (in watts) to demonstrate instantaneous power transfer.
To do this, we intended to design a tunable oscillator capable of generating
frequency in the RF band (IMHZ — 20 MHz) and a power amplifier to supply
enough power to be transmitted for powering the electrical load. In addition to
this, we also intended to demonstrate the evanescent waves by the illustration of
an exponential relationship of power transmitted to the receiver as a function of
distance of separation between the receiver and transmitter coils.

2. SYSTEM DESIGN

With all the necessary background research completed it became clear what basic
design components the entire system would require. First we needed a method to
design an oscillator, which would provide the carrier signal with which to
transmit the power. Oscillators are not generally designed to deliver power, thus it
was necessary to create a power amplifier to amplify the oscillating signal. The
power amplifier would then transfer the output power to the transmission coil.
Next, a receiver coil would be constructed to receive the transmitted power.
However, the received power would have an alternating current, which is
undesirable for powering a DC load. Thus, a rectifier would be needed to rectify
the AC voltage to output a clean DC voltage. Finally, an electric load would be
added to complete the circuit design

! Awaveguide is a structure which guides waves, such as electromagnetic waves. There are different
types of waveguides for each type of wave. The original and most common meaning is a hollow
conductive metal pipe used to carry high frequency radio waves. (in our case the copper tube as in
the figure).
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2.1 OSCILLATOR

There are two general classes of oscillators: sinusoidal and relaxation. Op-Amp
sinusoidal oscillators operate with some combination of positive and negative
feedback to drive the op-amp into an unstable state, causing the output to transition
back and forth at a continuous rate. Relaxation Op-Amp oscillators operate with a
capacitor, a resistor or a current source to charge/discharge the capacitor, and a
threshold device to induce oscillation.

The oscillator design that we utilized was a relaxation oscillator using a single
Operational amplifier. This oscillator was a Square Wave Generator and could be
classified in the category as an astable multivibrator.

2.1.1 DESIGN

In the design of a Relaxation oscillator, as shown in the figure below, we used a high
speed Operational amplifier, AD829, which had a very high frequency response of 120
MHz. The operational amplifier was connected in a Schmitt-trigger” configuration
with positive feedback through a resistor of 500 Ohms and a variable resistor of 1K.
The inverting input for the Op-Amp was biased with a capacitor of 20pF and a resistor
0f 200 Ohms.

2 For the reference of the configuration, link: http://en.wikipedia.org/wiki/Schmitt_trigger
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WORKING PRINCIPLE:

Initially, the non-inverting input at the Op-Amp is biased at a voltage of Vour * Ry /
(R + Ry and the op-amp's output is saturated at that particular voltage level. Since the
op-amp always attempts to keep both its inverting and the non-inverting inputs, V. and
V. equal to each other, the feedback causes the 20pFcapacitor to charge and make the
value of V. equal to V.. When V. reaches the value of V., a switch to negative

saturation at the output occurs and the capacitor begins to discharge. The charging and
discharging of the oscillator effectively causes an oscillating signal to the output.

The general equation for charging a capacitor is given by:
q=CV (1 - R + qpe-"R€
In this case, V is -Vour , and if the voltage at V4 is called AVoyr, qo becomes CVour.
The charging equation then becomes
q=-CVour(1 - €") + ACVoure-"

When q gets to -AVur, another switch will occur. This time it is half the period of the
square wave. Therefore:

~ACVour=-CVour (I - €% + ACVoyre-"*¢

Solving for T gives:



T =2RC «In[ 73] where A=—"%
i 2 1

sl o . 1 ; \
The frequency of oscillation can be determined by = In our case, the variable resistor

R; could be varied using a 1K pot which was able to tune the frequency from 1.6 MHz
to 10.3 MHz.

2.1.2 RESULTS

The figure below shows the signal output from the signal generator at frequencies
tuned by varying the resistance using the 1K pot. The signal was very stable and free
of any extraneous noise that may have caused distortion or tinging in the signal.
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At frequency range from 1.6 MHz — 3.85 MHz, the signal was a square wave.
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At frequencies range from 3.85 MHz — 10.3 MHz, the signal looked like a triangle
wave.



2.1.2 DESIGN DETAILS

The challenges encountered during the design of the oscillator were the selection of
the oscillator design and the Op-Amp chip required to produce a stable and
symmetrical oscillating signal. We had experimented with IC Logic chips and low
frequency response Op-Amp chips for the design of the oscillator. However, the
oscillation signal output from these circuit configurations was not stable or
symmetrical. We also initially had problems with distortion of the signal by the
unstable power supply from the PCB board and other extraneous noise at high
frequencies. We dealt with this problem by neatly laying out the relaxation oscillator
circuit using shorter wires and the placing two decoupling capacitors of one
microfarads each between the positive and negative power supply to the ground.

2.2 POWER AMPLIFIER

In order to generate the maximum amount of flux which would induce the largest
voltage on the receiving coil, a large amount of current must be transferred into the
transmitting coil. The oscillator was not capable of supplying the necessary current,
thus the output signal from the oscillator was passed through a power amplifier to
produce the necessary current. The key design aspect of the power amplifier was to
generate enough current while producing a clean output signal without large harmonic
distortions. For this purpose, we utilized a simple switch-mode amplifier design whose
design aspects are described below.

2.1.1 DESIGN

The main idea behind the switch-mode Power Amplifier technology is to operate a
MOSFET in saturation so that either voltage or current is switched on and off. The
figure below shows the circuit diagram of the switch-mode power amplifier.

{3+EBU

58
+1Qu Box
I AIRF 510 3
<FAAM

Our switch-mode design consisted of a MOSFET IRF 510, which when turned on
allowed large current from the DC power supply to flow through the resistor of 50
Ohms and through the transmitting antenna to transfer current from the power supply
through the transmitting coil. The large current from the transmitting coil was able to



generate a large flux to induce a high voltage in the receiving coil. The current and
voltage required to drive the gate of the MOSFET IRF 510 was supplied by the
MOSFET IRF 640 whose gate was driven by the input signal from a Hewlett Packard
signal generator. The maximum voltage when the coils were tuned at resonance was
recorded to be around 102.3V.

2.1.2 DESIGN DETAILS

Since our single op-amp relaxation oscillator was using an AD 829 chip, it was not
able to source enough current to drive the Mosfet IRF 510 or control the amplitude of
the output signal. For this reason, we employed the Hewlett Packard 3310A Function
Generator as our oscillator. The signal generator was capable of supplying current and
voltage required for driving the gate of the IRF640. Furthermore, using the signal
generator, we were also able to set the DC bias voltage and tune the output voltage to
get maximum voltage out.

The major challenge while designing the power amplifier circuit was to drive the gate
of the Mosfet IRF 510 to switch the Mosfet on. Our initial approach was to design a
class D amplifier to drive a H-Bridge® configuration (which meant driving 4 IRF 510
Mosfet) for an efficient power amplification using a single positive power supply. The
H-Bridge" required two digital signals that were 180 degrees out of phase with a small
dead-time in between the signals. The whole second week we were working on trying
to generate these signals as inputs to the H-bridge. In generating these signals, we
encountered problems with our comparator chips to output noise free digital signals at
high frequency (5 MHz range). Using 2 high speed comparators, LT1016, and
introducing terminating resistances (68 Ohm) in series to the output, we were able to
output digital signals 180 out of phase with a small dead time for the input to the H-
Bridge.

Ch1 Freq
4.336MHz
Low signal
amplitude

s.00vV Ch2 500V M100ns A Chi J 270V

i+~ 88.0000ns

3 For the reference of the configuration, link: http://mcmanis.com/chuck/robotics/tutorial /h-
bridge/



However, the signal output from the comparators as can be seen from the image
above was unable to turn the Mosfet IRF 510 on. The comparator could not source
enough current to drive the gate of the Mosfet to turn on at a frequency range of
around 5 MHz.

2.3. TRANSMITTER AND RECEIVER COILS

The transmitter and receiver circuit combined is called the coupling circuit. It is the heart
of the entire system as the actual wireless power transfer is carried out here. The efficiency
of the coupling circuit determines the amount of power available for the receiver system.

2.1.1. DESIGN

The transmitter and receiver coils were designed by former Cornell students, Lucas
Jorgensen and Adam Culberson. The coils had a resonant frequency of 4.8 — 5.3 MHz,
which could be tuned with our oscillator (later a signal generator) to get to the
resonance frequency of the coils. The basic configuration of the design can be seen
from the table and the image below.

No of turns 10
Transmitting Coil Diameter of each turn 60.32 cm
Diameter of copper tube 0.95 cm
No of turns 10
Receiving Coil Diameter of each turn 60.32 cm
Diameter of copper tube 0.95 cm
No of turns 1
Transmitting Diameter of each turn 56.1 cm
Antenna Diameter of copper wire 0.23 cm
No of turns 2
Receiving Diameter of each turn 44.6 cm
Antenna
Diameter of copper wire 0.23 cm

Transmitting Coil (with a loop antenna) Receiving Coil (with 2 loops of antenna)



2.4 VOLTAGE RECTIFIER:

A rectifier would be needed to rectify the AC voltage received from the receiver coil
to drive a DC load. A type of circuit that produces an output waveform that
generates an output voltage which is purely DC or has some specified DC
component is a Full Wave Bridge Rectifier. This type of single phase rectifier uses
four individual rectifying diodes connected in a closed loop "bridge" configuration to
produce the desired output. The smoothing capacitor connected to the bridge circuit
converts the full-wave rippled output of the rectifier into a smooth DC output
voltage.

ad
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Since the diodes had to rectify AC signals of Megahertz frequencies, fast signal
diodes,1N914B, had to be used for the bridge circuit. However we did not implement this
circuit with our final setup as we did not drive a DC load with our setup.

. RESULTS AND MEASUREMENTS:

At a distance of 0.18 cm between the two coils, we were able to transmit enough power
to power a 40 W light bulb. As the distance of separation between the coils was
increased, the bulb got dimmer. It was evident from this simple experiment itself that the
power transmitted was related to the distance of separation between the coils.

To demonstrate the presence of evanescent waves being produced which transferred
power from the transmitter coil to the receiver coil, we measured the voltage across the
40 Watt light bulb at varying distances and orientations. We took measurements starting
at a distance of 0.5 m between the coils in 10 cm increments up to a distance of 2 m of
separation. We found that the resonant frequency changed with distance due to the
imperfect match in the resonant frequencies of our coils. The frequency was then adjusted
to find the maximum output voltage at every measurement.



PARALLEL CONFIGURATION:
The coils were arranged in the configuration as shown below and voltage measurements
were taken as a function of distance between the coils.

Based upon the data we collected, the following graph shows voltage as a function of
distance between the coils.

Parallel Configuration (Voltage vs. Distance)
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Since the coefficient of determination (R?) has a value close to 1 for the exponential fit,
the data points were strongly exponentially correlated. In other words, the voltage
decayed exponentially as the distance of separation between the coils was increased. This



illustrates the theory of power transmitted through evanescent waves that decay
exponentially as the distance between the coils was increased.

Similar observation of exponential fit was observed when the coils were faced
perpendicular to each other as shown below.

PERPENDICULAR CONFIGURATION:

Based upon the data we collected, the following graph shows voltage as a function of
distance between the coils.

Perpendicular Configuration (Voltage vs. Distance)
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In this case, the value of the coefficient of determination (R?) is closer to 1 than when the
coils were placed parallel to each other. The strong exponential correlation in this case



also illustrates the exponential decay of evanescent waves propagating from the
transmitting coil to the receiving coil.

4. CONCLUSION AND FUTURE WORK:

At the end of the research, we were able to design a system for transmitting watts of
power wirelessly from the transmitting coil to the receiving coil that was enough to light
a 40W bulb. We were able to design discrete components such as the relaxation
oscillator, switch mode-power amplifier and a full bridge voltage rectifier for the system
design process. We also managed to demonstrate evanescent waves by measuring
exponential decay of voltage as an increase in distance between the transmitter and the
receiver coils.

There can be significant research work that can be done in the future of this research.
Future work includes connecting the relaxation oscillator with the power amplifier using
current amplifier chip for providing enough current to drive the gate of the Mosfet to
drive the efficient class D H-Bridge power amplifier. Also, reduction in the size of the
transmitting and receiving coils and utilizing the regulated signal to power a DC load
could be something that could be worked in the future as a means to make this system
feasible for practical applications.
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FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls

Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

® Waveform Generation
® Sweep Generation

e AM/FM Generation

e \//F Conversion

e FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

©1972

™

TEOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 4 (510) 668-7017
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Figure 1. XR-2206 Block Diagram
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- XR-2206

—\— -
AMSI [1]e 6] SYMA2 AMS| =] ¢ 7 6l symaz
sTo [2] [15] SYMAT sTo |2 15| SYMA1
Mo [5] [14] WAVEA2 Mo =3 14|33 WAVEA2
Voo [« [13] WAVEA1 Vee |4 13|32 WAVEA1
TC1 [5] 12| GND TC1 =|s 12| GND
Tc2 [6] 1] SYNCO Tc2 =|s 1| SYNCO
TR1 E E BIAS TR1 =7 10|32 BIAS
TR2 [&] 9] FSKI TRz |8 o || FsKI
16 Lead PDIP, CDIP (0.300") 16 Lead SOIC (Jedec, 0.300")
PIN DESCRIPTION
Pin # Symbol Type |Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO O Sine or Triangle Wave Output.
3 MO O Multiplier Output.
4 Vee Positive Power Supply.
5 TCA | Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 0 Timing Resistor 1 Output.
8 TR2 o] Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS O] Internal Voltage Reference.
11 SYNCO O] Sync Output. This output is a open collector and needs a pull up resistor to Ve,
12 GND Ground pin.
13 WAVEA1 I Wave Form Adjust Input 1.
14 WAVEAZ2 I Wave Form Adjust Input 2.
15 SYMA1 I Wave Symetry Adjust 1.
16 SYMA2 I Wave Symetry Adjust 2.

Vo rv13 g S ) f S [ TOM"




XR-2206

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vec =12V, T = 25°C, C = 0.01uF, R4 = 100k, R, = 10k, R3 = 25kQ2
Unless Otherwise Specified. S4 open for triangle, closed for sine wave.

7 EXAR

XR-2206M/P XR-2206CP/D
Parameters Min. , Typ. | Max. | Min. | Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 V
Split-Supply Voltage +5 +13 +5 +13 V
Supply Current 12 17 14 20 mA R > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, R4=1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Rq=2MQ
Frequency Accuracy +1 +4 +2 % of fy |fo = 1/R4C
Temperature Stability +10 +50 +20 ppm/°C | 0°C < Tao< 70°C
Frequency R4 = Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, ViyigH = 20V,
R1=Rg= 20k
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL |fy@ Ry =1k
fL @Ry = 2MQ

Sweep Linearity

10:1 Sweep 2 % fL = 1kHz, fy = 10kHz

1000:1 Sweep % fL = 100Hz, fy = 100kHz

FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5

Timing Resistors: Ry & Ro 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, S4 Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 2.5 25 % R1 = 30kE2

With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8
Notes

1 Output amplitude is directly proportional to the resistance, Rz, on Pin 3. See Figure 3.

2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206

XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. I Max. | Min. I Typ. | Max. | Units [Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns CL =10pF
Fall Time 50 50 ns CL =10pF
Saturation Voltage 0.2 0.4 0.2 0.6 V IL=2mA
Leakage Current 0.1 20 0.1 100 nA Voo = 26V
FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 1.4 2.4 \ See section on circuit controls
Reference Bypass Voltage 29 3.1 3.3 VA(S) 3 875 V Measured at Pin 10.

Notes

1 Qutput amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power SUpply . ... 26V
Power Dissipation ....... 9% %, . % 5. 750mW
Derate Above 25°C ... ..........couo... 5mW/°C

Jotal TTming Cureny. . . . . ...oovivneni s BmA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

5

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.
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High-Speed, Low-Noise
Video Op Amp

AD829

FEATURES
High Speed
120 MHz Bandwidth, Gain = -1
230 V/ps Slew Rate
90 ns Settling Time to 0.1%
Ideal for Video Applications
0.02% Differential Gain
0.04° Differential Phase
Low Noise
1.7 nV/VHz Input Voltage Noise
1.5 pA/vHz Input Current Noise
Excellent DC Precision
1 mV max Input Offset Voltage (Over Temp)
0.3 pV/°C Input Offset Drift
Flexible Operation
Specified for +£5 V to =15 V Operation
+3 V Output Swing into a 150 ) Load
External Compensation for Gains 1 to 20
5 mA Supply Current
Available in Tape and Reel in Accordance with
EIA-481A Standard

PRODUCT DESCRIPTION

The AD829 is a low noise (1.7 nV/VHz), high speed op amp
with custom compensation that provides the user with gains
from +1 to £20 while maintaining a bandwidth greater than

50 MHz. The AD829%s 0.04° differential phase and 0.02%
differential gain performance at 3.58 MHz and 4.43 MHz,
driving reverse-terminated 50 Q or 75 £ cables, makes it ideally
suited for professional video applications, The AD829 achieves
its 230 V/us uncompensated slew rate and 750 MHz gain band-
width product while requiring only 5 mA of current from the
power supplies,

The AD829’s external compensation pin gives it exceptional
versatility. For example, compensation can be selected to opti-
mize the bandwidth for a given load and power supply voltage.
As a gain-of-two line driver, the -3 dB bandwidth can be in-
creased to 95 MHz at the expense of 1 dB of peaking. In addi-
tion, the AD829’s output can also be clamped at its external
compensation pin.

The AD829 has excellent dc performance. It offers a minimum
open-loop gain of 30 V/mV into loads as low as 500 Q, low
input voltage noise of 1.7 nV/YHz, and a low input offset volt-
age of 1 mV maximum. Common-mode rejection and power
supply rejection ratios are both 120 dB.

The AD829 is also useful in multichannel, high speed data
conversion where its fast (90 ns to 0.1%) settling time is of
importance. In such applications, the AD829 serves as an input
buffer for 8-to-10-bit A/D converters and as an output I/V con-
verter for high speed D/A converters.

REV. E

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

CONNECTION DIAGRAMS

8-Lead Plastic Mini-DIP (N),
Cerdip (Q) and SOIC (R) Packages
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The AD829 provides many of the same advantages that a trans-
impedance amplifier offers, while operating as a traditional
voltage feedback amplifier. A bandwidth greater than 50 MHz
can be maintained for a range of gains by changing the external
compensation capacitor. The AD829 and the transimpedance
amplifier are both unity gain stable and provide similar voltage
noise performance (1.7 nVAHz). However, the current noise of
the AD829 (1.5 pA/\fH_z) is less than 10% of the noise of trans-
impedance amps. Furthermore, the inputs of the AD829 are
symmetrical.

PRODUCT HIGHLIGHTS

1. Input voltage noise of 2 nV/AHz, current noise of 1.5 pA/
VHz and 50 MHz bandwidth, for gains of 1 to 20, make the
ADB829 an ideal preamp.

2. Differential phase error of 0.04° and a 0.02% differential
gain error, at the 3.58 MHz NTSC and 4.43 MHz PAL and
SECAM color subcarrier frequencies, make it an outstanding
video performer for driving reverse-terminated 50 Q and
75 Q cables to +1 V (at their terminated end).

3. The AD829 can drive heavy capacitive loads.

4, Performance is fully specified for operation from +5 V to
+15 V supplies.

5. Available in plastic, cerdip, and small outline packages.
Chips and MIL-STD-883B parts are also available.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A,
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2000



ADBZQ—SPEC I FICATI U NS (@ Ty = +25°C and Vg = =15 V dc, unless otherwise noted)

ADS829]/AR ADS29AQIS
Model Conditions Vs Min Typ Max |Min Typ Max Units
INPUT OFFSET VOLTAGE 15V,+15V 0.2 1 0.1 0.5 mV
TM]N to TMAX 1 0.5 mV
Offset Voltage Drift 5V, 15V 0.3 0.3 uv/eC
INPUT BIAS CURRENT t5V,£15V 3.3 7 33 7 HA
T to Taax 8.2/9.5 9.5 HA
INPUT OFFSET CURRENT 5V, 215V 50 500 50 500 nA
T to Twax 500 500 nA
Offset Current Drift 5V, 15V 0.5 0.5 nA/’C
OPEN-LOOP GAIN Vo=1%25V 5V
Reoap = 500 O 30 65 30 65 V/mV
T to Tauax 20 20 V/imV
Rioap = 150 Q 40 40 V/mV
Vour =10V +15V
Rioan = 1 kQ 50 100 50 100 VimV
D to Thiax 20 20 V/mV
DYNAMIC PERFORMANCE
Gain Bandwidth Product - 600 600 MHz
15V 750 750 MHz
Full Power Bandwidth" 2 Vo =2Vpp
Rioap = 500 Q +5V 25 25 MHz
Vo=20Vp-p
Ripap = 1 kQ #1575 W 3.6 3.6 MHz
Slew Rate’ Rioap = 500 Q 5V 150 150 Vs
Ripoap =1 kQ 15V 230 230 Vs
Settling Time to0 0.1% Ay=-19
=2.5V 10 +2.5V 54 65 65 ns
10 V Step £15V 90 90 ns
Phase Marginz CLUAD =10 PF +15V
Rioap =1 kQ 60 60 Degrees
DIFFERENTIAL GAIN ERROR? Rioap = 100 Q 115V
CCOMP =30 pF 0.02 0.02 %
DIFFERENTIAL PHASE ERROR? Rioap = 100 Q TSN
Ccomp = 30 pF 0.04 0.04 Degrees
COMMON-MODE REJECTION Vem =125V 5V 100 120 100 120 dB
Vem=%12V t15V 100 120 100 120 dB
TMIN to TMAX 96 96 dB
POWER SUPPLY REJECTION Vs=145Vto+18V 98 120 98 120 dB
T to Tipax 94 94 dB
INPUT VOLTAGE NOISE f=1kHz +15V 7 2 I.7 2 nVNHz
INPUT CURRENT NOISE f=1kHz +15V 1.5 1.5 pANHz
INPUT COMMON-MODE
VOLTAGE RANGE 5V +4.3 +4.3 \Y
-3.8 -3.8 A%
] 5 +14.3 +14.3 \'
-13.8 -13.8 \%
OUTPUT VOLTAGE SWING Rioap = 500 Q 5V 3.0 3.6 3.0 3.6 vV
Rioap = 150 Q 5V 2.5 3.0 2.5 3.0 TV
RLOAD= 50 Q 5V 1.4 1.4 +V
Rioap = 1 kQ +15V 12 13.3 12 13.3 +V
Rioap = 500 Q 15V 10 12.2 10 12.2 =V
Short Circuit Current t5V,+15V 32 32 mA
INPUT CHARACTERISTICS
Input Resistance (Differential) 13 13 kQ
Input Capacitance (Differential)? 5 5 pF
Input Capacitance (Common Mode) 1.5 1.5 pF
CLOSED-LOOP OUTPUT
RESISTANCE Ay=+1,f=1kHz 2 2 mQ)
-2- REV. E



AD829

ADS829J/IAR ADS829AQ/S
Model Conditions Vs Min  Typ Max |Min  Typ Max Units
POWER SUPPLY
Operating Range +4.5 +18 +4.5 +18 v
Quiescent Current 15V 5 6.5 b 6.5 mA
Tav to Tuax 8.0 8.2/8.7 | mA
15V 5.3 6.8 5:3 6.8 mA
Thamn 10 Tuax 8.3/8.5 8.5/9.0 | mA
TRANSISTOR COUNT Number of Transistors 46 46
NOTES
!'Full Power Bandwidth = Slew Rate/2 © Vpgak.
*Tested at Gain = +20, Cgomp = 0 pF.
¥3.58 MHz (NTSC) and 4.43 MHz (PAL & SECAM).
“Differential input capacitance consists of 1.5 pF package capacitance plus 3.5 pF from the input differential pair.
Specifications subject to change without notice.
ABSOLUTE MAXIMUM RATINGS! METALIZATION PHOTO
Supply Voltage . ... coviv o e ad® . oo v v oA NN - +18V Contact factory for latest dimensions,
Internal Power Dissipations" Dimensions shown in inches and (mm).
Plastic (N): vvvve ool oo vninn vn e o 1.3 Watts
Small Outline (R) 4. .. ... coi vinioed v g 0.9 Wartts /+Vs
Cerdip (Q) .... 08 ... B <]—————% 1.3 Watts Tr
LCCE) ... 44  iii.oophmr 0.8 Watts
Input Voltage . L .. .. 70 .o ol Yo @V 3 St /; +Vg h
Differential Input Voltage* .................... +6 Volts 2 i
Output Short Circuit Duration ................ Indefinite /
Storage Temperature Range (Q,E) ....... -65°C to +150°C 0.054
Storage Temperature Range (N, R) ....... -65°C to +125°C Ei
Operating Temperature Range ch""
ADS29THN. . . 0. .. J. 0080007\ O 0°C to +70°C
ADS20AN . . T, ) g ~40°C to +85°C 5
apg2og .M. =*. . M~ [20.27.20.20 -55°C to +125°C L
Lead Temperature Range (Soldering 60 sec) ........ +300°C i | A B
NOTES fle—— 0.067(1.70)

!Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device, This is a stress rating only and functional operation of
the device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

*Maximum internal power dissipation is specified so that Tj does not exceed
+175°C at an ambient temperature of +25°C.

Thermal characteristics:
8-lead plastic package: 8j, = 100°C/watt (derate at 8.7 mW/°C)
8-lead cerdip package: 8j, = 110°C/watt (derate at 8.7 mW/°C)
20-lead LCC package: 0jy = 150°C/watt
8-lead small outline package: 8j, = 155°C/wart (derate at 6 mW/°C).

*If the differential voltage exceeds 6 volts, external series protection resistors should
be added to limit the input current.

SUBSTRATE CONNECTED TO +Vg

ESD SUSCEPTIBILITY

ESD (electrostatic discharge) sensitive device. Electrostatic
charges as high as 4000 volts, which readily accumulate on the
human body and on test equipment, can discharge without
detection. Although the AD829 features proprietary ESD pro-
tection circuitry, permanent damage may still occur on these
devices if they are subjected to high energy electrostatic dis-
charges. Therefore, proper ESD precautions are recommended
to avoid any performance degradation or loss of functionality,

ORDERING GUIDE
Model Temperature Range Package Description Package Option*
ADB829]N 0°C to +70°C 8-Lead Plastic Mini-DIP N-8
ADB829AR -40°C to +85°C 8-Lead Plastic SOIC SO-8
ADB829]R 0°C to +70°C 8-Lead Plastic SOIC SO-8
ADB829AR-REEL7 -40°C to +85°C Tape and Reel 7"
ADB829AR-REEL -40°C to +85°C Tape and Reel 13"
AD829JR-REEL7 0°C to +70°C Tape and Reel 7"
ADB829]JR-REEL 0°C to +70°C Tape and Reel 13"
AD829AQ —40°C 10 +85°C 8-Lead Cerdip Q-8
ADB829SQ -55°C to +125°C 8-Lead Cerdip Q-8
AD8295Q/883B -55°C to +125°C 8-Lead Cerdip Q-8
5962-9312901 MPA -55°C to +125°C 8-Lead Cerdip Q-8
ADR829SE/883B -55°C to +125°C 20-Lead LCC E-20A
5962-9312901M2A -55°C to +125°C 20-Lead LCC E-20A
ADB829JCHIPS 0°C to +70°C Die
ADB829SCHIPS -55°C to +125°C Die

*E = Leadless Chip Carrier (Ceramic); N = Plastic DIP; Q = Cerdip; SO = Small Outline IC (SOIC).
-3-
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IRF510, SiHF510

Vishay Siliconix

Power MOSFET

PRODUCT SUMMARY
Vps (V) 100
Rops(on) (©) Vgs=10V 0.54
Qg (Max.) (nC) 8.3
Qgs (nC) 2.3
Qgd (NC) 3.8
Configuration Single

D

TO-220
o
s

N-Channel MOSFET

FEATURES

¢ Dynamic dV/dt Rating

¢ Repetitive Avalanche Rated

¢ 175 °C Operating Temperature
¢ Fast Switching

« Ease of Paralleling

¢ Simple Drive Requirements

¢ Lead (Pb)-free Available

DESCRIPTION

Third generation Power MOSFETSs from Vishay provide the
designer with the best combination of fast switching,
ruggedized device design, low on-resistance and
cost-effectiveness.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 W. The low thermal resistance
and low package cost of the TO-220 contribute to its wide
acceptance throughout the industry.

Avallable

RoHS*

COMPLIANT

ORDERING INFORMATION
Package TO-220
IRF510PbF
Lead (Pb)-free SIHFS10E3
IRF510
SnFb SiHF510
ABSOLUTE MAXIMUM RATINGS T¢ = 25 °C, unless otherwise noted
PARAMETER SYMBOL LIMIT UNIT
Drain-Source Voltage Vps 100 v
Gate-Source Voltage Vas +20
Continuous Drain Current Vgsat10V b2y Ip o
Tc=100°C 4.0 A
Pulsed Drain Current? lom 20
Linear Derating Factor 0.29 W/°C
Single Pulse Avalanche Energy® Eas 100 mJ
Repetitive Avalanche Current? lar 5.6 A
Repetitive Avalanche Energy? Ear 4.3 mJ
Maximum Power Dissipation ’ Tc=25°C Po 43 w
Peak Diode Recovery dV/dt¢ dv/dt 8.5 Vins
Operating Junction and Storage Temperature Range Ty, Teig -55t0 + 175 oc
Soldering Recommendations (Peak Temperature) for10s 300d
, 10 Ibf - in
Mounting Torque 6-32 or M3 screw
| 4 | N-m

Notes

aoop

Isp 5.6 A, dl/dt <75 Afus, Vpp < Vps, Ty < 175 °C.
1.6 mm from case.

Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
. Vpp =25V, starting Ty =25 °C, L=4.8 mH, Rg =25 Q, Ias = 5.6 A (see fig. 12).

* Pb containing terminations are not RoHS compliant, exemptions may apply

Document Number: 91015
S-81377-Rev. A, 30-Jun-08
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IRF510, SiHF510

Vishay Siliconix

THERMAL RESISTANCE RATINGS

PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Rinia 62
Case-to-Sink, Flat, Greased Surface Rincs 0.50 - °C/W
Maximum Junction-to-Case (Drain) Rinic 3.5
SPECIFICATIONS T, = 25 °C, unless otherwise noted
PARAMETER SYMBOL TEST CONDITIONS mIN. | Tvp. | maAX. | uNIT
Static
Drain-Source Breakdown Voltage Vps Vas =0V, Ip=250 pA 100 - - "
Vps Temperature Coefficient AVps/Ty Reference to 25 °C, Ip = 1 mA - 012 - V/°C
Gate-Source Threshold Voltage Vas(ih) Vps = Vs, Ip =250 pA 2.0 - 4.0 \v
Gate-Source Leakage lass Ves =20V % . +£100 | nA
Vps=100V,Vgs =0V % = 25
Zero Gate Voltage Drain Current Ipss HA
Vps=80V,Vgs=0V, T;=150°C - - 250
Drain-Source On-State Resistance Rbs(on) Vags=10V Ip =3.4 AP - - 0.54
Forward Transconductance Uis Vps =50V, Ip = 3.4 AP 1.3 - - S
Dynamic
Input Capacitance €l Ves =0V, - 180 -
Output Capacitance Cass Vpbg =25V, - 81 - pF
Reverse Transfer Capacitance o f=1.0 MHz, see fig. 5 - 15 -
Total Gate Charge Qq lp=5.6A, Vpg=80V i 8.3
Gate-Source Charge Qgs Vgs =10V Vps=10V, - 2.3 nC
Gate-Drain Charge Qgq see fig. 6 and 13° - - 3.8
Turn-On Delay Time ta(on) - 6.9 -
Rise Time tr Voo =50V, Ip=5.6A ? 16 - "
Turn-Off Delay Time td(nlf) Re=240Q,Rp=8.40Q, see flg' 10° 5 o E
Fall Time t - 9.4 -
Internal Drain Inductance Lp BetWagn ead, ; - 4.5 -
6 mm (0.25") from
nH
package and center of .
Internal Source Inductance Ls die contact ] - 7.5 -
Drain-Source Body Diode Characteristics
y o o MOSFET symbol
= - 5.6
Continuous Source-Drain Diode Current Is showing the N
) integral reverse
Pulsed Diode Forward Current? Ism p - n junction diode - 20
Body Diode Voltage Vap T;=25°C, Ig=56A, Vgg=0VP = 2.5 v
Body Diode Reverse Recovery Time tre 100 200 ns
. T;=25°C, Ir=5.6 A, dl/dt = 100 A/usP
Body Diode Reverse Recovery Charge Qrr 0.44 0.88 uC
Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by Ls and Lp)

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b. Pulse width < 300 ps; duty cycle < 2 %.

www.vishay.com
2

Document Number: 91015
S-81377-Rev. A, 30-Jun-08




LM317
3-TERMINAL ADJUSTABLE REGULATOR

SLVS044H - SEPTEMBER 1997 — REVISED DECEMBER 2001

AVAILABLE OPTIONS
PACKAGED DEVICES
HEAT-SINK PLASTIC FLANGE
T i
J H?SE%';JK MOUNTED, TO-220 | MOUNTED, POWER FLEX
(KC) (KTE)E
0°Cto 125°C | LM317DCY LM317KC LM317KTER

t The DCY package also is available taped and reeled, e.g., LM317DCYR.
1 The KTE package has the same footprint as TO-263 and can be mounted on a TO-263
land pattern. The KTE package is only available taped and reeled.

schematic diagram

£

* INPUT

|
o e

> =

° ¢ e —» D S S s L % QUTPUT
ADJUST

absolute maximum ratings over virtual junction temperature range (unless otherwise noted)$

Input-to-outpult differentialweliage Vi — Viac D\ . - - War7x .. LN Do ...&2. 8 8. ....... 40V
Package thermal impedance, 6 (see Notes 1 and 2): DCY package ......................... 49°C/W
(seeNutes\1 and@): KO package «~wr. ... . . . H . -nn.. 25°C/W
(see Notes 1 and 2): KTE package ............coviiviniiennn. 23°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds  .......... ... . 260°C
Storage temperattRgINOE. & . - Qe o\ R Ams - o - N oo - - -65°C to 150°C

§ Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Maximum power dissipation is a function of T j{max), 6ja, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (T j(max) — Ta)/6 a. Operating at the absolute maximum T j of 150°C can affect reliability.
2. The package thermal impedance is calculated in accordance with JESD 51-5.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN  MAX | UNIT
V|-Vp Input-to-output voltage differential 3 37 \
lo Output current 1.5 A
Ty Operating virtual junction temperature 0 125 °C

‘Q‘ TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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{’ TEXAS LM237, LM337

INSTRUMENTS 3-TERMINAL ADJUSTABLE REGULATORS
www.ti.com SLVS047J-NOVEMBER 1981—REVISED MAY 2007
FEATURES
¢ Output Voltage Range Adjustable From e Peak Output Current Constant Over
-1.2Vto-37V Temperature Range of Regulator
e Output Current Capability of 1.5 A Max ¢ Ripple Rejection Typically 77 dB
¢ Input Regulation Typically 0.01% Per s Direct Replacement for Industry-Standard
Input-Voltage Change LM237 and LM337
e Output Regulation Typically 0.3%
LM237, LM337...KC (TO-220) PACKAGE LM337...KCS (TO-220) PACKAGE
(TOP VIEW) (TOP VIEW)
= [me— OUTPUT
é = p— %IFJD'[JPTUT ™ e |NPUT
= :::::’ ADJUSTMENT =z ———> ADJUSTMENT
LM337...KTE, KTP, OR KVU PACKAGE LM337...KTT (TO-263) PACKAGE
(TOP VIEW) (TOP VIEW)
Y, —— QUTPUT = il ¢ E! T OUTPUT
; — INPUT § | == INPUT
= — ADJUSTMENT =| ll--——=i = ADJUSTMENT

DESCRIPTION/ORDERING INFORMATION

The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess of
—1.5 A over an output voltage range of —1.2 V to —37 V. They are exceptionally easy to use, requiring only two
external resistors to set the output voltage and one output capacitor for frequency compensation. The current
design has been optimized for excellent regulation and low thermal transients. In addition, the LM237 and
LM337 feature internal current limiting, thermal shutdown, and safe-area compensation, making them virtually
immune to failure by overloads.

The LM237 and LM337 serve a wide variety of applications, including local on-card regulation, programmable
output-voltage regulation, and precision current regulation.

ORDERING INFORMATION

Ty PACKAGE( ORDERABLE PART NUMBER TOP-SIDE MARKING

-25°C to 150°C TO-220 - KC Tube of 50 LM237KC LM237
PowerFLEX™ — KTE | Reel of 2000 LM337KTER LM337

PowerFLEX — KTP Reel of 3000 LM337KTPR L337
0°C to 125°C TO-220 - KC Tube of 50 LM337KC LM337
TO-220 - KCS Tube of 50 LM337KCSE3 LM337
TO-252 - KVU Reel of 2500 LM337KVURG3 LM337
TO-263 - KTT Reel of 500 LM337KTTR LM337

(1) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

ﬁ Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerFLEX is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 1981-2007, Texas Instruments Incorporated
Products conform lo specifications per the terms of the Texas

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.



LM237, LM337 ¥ Texas
3-TERMINAL ADJUSTABLE REGULATORS INSTRUMENTS
SLVS047J-NOVEMBER 1981 —REVISED MAY 2007 o
SCHEMATIC DIAGRAM
ADJUSTMENT
OUTPUT
INPUT
Absolute Maximum Ratings™
over operating temperature ranges (unless otherwise noted)
MIN MAX | UNIT
V,-Vg Input-to-output differential voltage —40 Y
Ty Operating virtual junction temperature 150 °C
Lead temperature | 1,6 mm (1/16 in) from case for 10 s 260 °C
Taig Storage temperature range -65 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

Package Thermal Data"

PACKAGE BOARD B¢ Biji
PowerFLEX (KTE) High K, JESD 51-5 3°C/W 23°C/W
PowerFLEX (KTP) High K, JESD 51-5 19°C/W 28°CIW
T0-220 (KC) High K, JESD 51-5 3°C/W 19°C/W
TO-220 (KCS) High K, JESD 51-5 3°C/IW 24.8°C/W
TO-252 (KVU) High K, JESD 51-5 30.3°C/W
TO-263 (KTT) High K, JESD 51-5 18°C/W 25.3°CIW

(1) Maximum power dissipation is a function of T;(max), 8,4, and T4. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T (max) — Ta)/0,4. Operating at the absolute maximum T, of 150°C can affect reliability.

Submit Documentation Feedback
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

SLVS047J-NOVEMBER 1981-REVISED MAY 2007

Recommended Operating Conditions

MIN MAX | UNIT
Vi-Vg| <40V, P<15W 10 1500
lo Qutput current mA
[V, =Vg| <10V, P<15 W 6 1500
i Operating virtual junction t t i 2 L] C
a on temperature 9
4 HERIEIRREL J LM337 0 125
Electrical Characteristics
over recommended ranges of operating virtual junction temperature (unless otherwise noted)
LM237 LM337
PARAMETER TEST CONDITIONS (1) UNIT
MIN TYP MAX MIN TYP MAX
. T, =25°C 0.01 0.02 0.01 0.04
Input regulation (2) Vi-Vg=-3Vto—-40V %NV
T, = MIN to MAX 0.02 0.05 0.02 0.07
. — Vo=-10V, f=120 Hz 60 60
Ripple rejection dB
Vo =—10V,f=120 HZ, CADJ=10 LlF 66 T 66 rir g
lo =10 mAto 1.5 A, Vols5V 25 50| mV
_ Ty=25°C Vol 25V 0.3 0.5 0.3 1 %
Output regulation
Vol 5V 50 70| mv
lo=10mAto1.5A
Vol25V 1 15| %
Output-voltage change <
with temperature T, = MIN to MAX 0.6 0.6 %
Output-voltage | i
long-term drift After 1000 hat Ty = MAX and V|, - Vg = 40 V 0.3 1 0.3 11 %
Output noise voltage f=10Hz to 10 kHz, T, = 25°C 0.003 0.003 %
Minimum output current to | IVi— Vol 40V 2.5 25 10 A
maintain regulation Vi=Vols 10V oh 1.5 6
[Vi=Vg| <15V 1.5 2.2 15 22
Peak output current - A
V)= Vol €40V, T, = 25°C 0.24 0.4 0.15 0.4
ADJUSTMENT current 65 100 65 100 pA
Change in ADJUSTMENT |V, -Vg=-2.5Vto—-40V, lo =10 mA to MAX,
_ Wof 2 5 2 5| pA
current T, =25°C
Reference voltage Vi-Vg=-3Vto-40V, T,=25°C -1.225 125 -1.275|-1.213 /-1.25 -1.287
(OUTPUT to lg=10mAto 1.5 A, T \
ADJUSTMENT) P < rated dissipation T;=MINto MAX |~ -12 -125 13| -12 -126 -13
Thermal regulation Initial T, = 25°C, 10-ms pulse 0.002 0.02 0.003  0.04| %/W

M

Unless otherwise noted, the following test conditions apply: |V, = V| =5 V and | = 0.5 A. For conditions shown as MIN or MAX, use

the appropriate value specified under recommended operating conditions. All characteristics are measured with a 0.1-uF capacitor
across the input and a 1-puF capacitor across the output. Pulse-testing techniques are used to maintain the junction temperature as close

to the ambient temperature as possible. Thermal effects must be taken into account separately.
Input regulation is expressed here as the percentage change in output voltage per 1-V change at the input.

(2)
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LM237, LM337 ¥ Texas
3.TERMINAL ADJUSTABLE REGULATORS INSTRUMENTS

www.ti.com
SLVS047J-NOVEMBER 1981 -REVISED MAY 2007
Electrical Characteristics
T,=25°C
LM237, LM337
PARAMETER TEST CONDITIONS () UNIT
MIN TYP MAX
Input regulation(?) Vi-Vg=-3Vto-40V 0.01 0.04| %V
) o Vo=-10V, f=120 Hz 60
Ripple rejection dB
Vg =—-10V, f =120 Hz, Cap, = 10 uF 66 77
. [Vols5V 50 mV
Qutput regulation lo=10mAto 1.5 A
[Volz5V 0.3 1 %
Qutput noise voltage f=10 Hz to 10 kHz 0.003 %
Minimum output current to maintain V|- Vp| <40V 2.5 10 -
regulation Vi= Vgl <10V 1.5
V= Vp| 215V 1.5 2.2
Peak output current A
IV, = V| <40V 0.15 0.4
ADJUSTMENT current 65 100 pA
Change in ADJUSTMENT current Vi=Vp=-25Vto—-40V, Ig=10 mA to MAX 2 5 HA
Reference voltage Vi=Vg=-3Vto-40V,lg=10mAto 1.5 A, . - _
(OUTPUT to ADJUSTMENT) P < rated dissipation L25\\§185 1287 ¥

(1) Unless otherwise noted, the following test conditions apply: |V, = Vg| =5 V and I = 0.5 A. All characteristics are measured with a
0.1-uF capacitor across the input and a 1-uF capacitor across the output. Pulse-testing techniques are used to maintain the junction
temperature as close to the ambient temperature as possible. Thermal effects must be taken into account separately.

(2) Input regulation is expressed here as the percentage change in output voltage per 1-V change at the input.
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