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FOREWORD

Thank you for your continuing use of Toshiba semiconductor prod-
ucts. We are pleased to send you the semiconductor data book “High-Fre-
quency Device (’94 Edition)”.

ICs now come in a large variety of forms — LSIs, VLSIs, digital
products and ASICs. Highly advanced systems are now configured on a
single chip. However, where high-frequency, low-noise, and high-output
amplification is required, ICs are still one step behind discrete semiconductors.

This data book is edited for users whose electrical and mechanical
designs require transistors and diodes. The data book presents the electrical
characteristics of transistors and diodes, and examples of application circuits
and board mounting. We recommend the use of other Toshiba semiconductor
data books and manuals for system design.
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ALPHANUMERICAL INDEX

Type No. Marking Page Type No. Marking Page
1SS154 BA 105 1SVv217 T6 175
155239 S1 107 1SV224 T7 177
155241 TY 109 1SV225 V3 179
185242 S2 1m 1SV226 TA 181
155268 BF 113 15v227 T9 183
155269 BG 115 1SV228 V4 185
18S271 BD 117 1SV229 T8 188
158295 BH 119 1SV230 T7 190
1SS312 BF 121 15va31 TA 192
158313 BG 123 1SV232 T9 194
1SS314 TY 125 1Sv237 BB 196
1SS315 S2 127 1Sv238 TB 198
155364 BF 129 1Sv239 TC 200
188371 TY 131 1Sv242 V5 202
1SV99 V99 133 1SV245 T3 204
1SVv1o01 V101 135 1SV252 BE 206
1SV102 V102 138 1SV254 T1 208
15Vv103 V103 141 1SV255 T2 210
1SVv128 BB 143 1SV256 T4 212
1SV147 V147 145 1SV257 T8 214
1SV149 V149 148 15V258 T7 216
1SV153 T1 151 1SV259 T9 218
1SV153A T5 153 1SV260 TC 220
1SV160 V1 155 1Sva2e6l1 T3 222
1SV161 T2 157 1SV262 TD 224
1SV172 BE 159 1SV269 TE 226
15V186 T3 161 1SV270 TF 228
1SV204 T4 163 1Sva71 TG 230
1Sva11 Té 165 1SVva73 TF 232
1Sva12 T8 167 1SV274 TD 234
1SVv214 T1 169 1SVva175 TE 235
18V215 T2 171 1SV276 TL 236
15V216 T4 173 18V277 TO 238




Type No. Marking Page Type No. Marking Page
HN1V01H 1VO1H 240 2503125 HH 374
HN1V02H 1V02H 241 25C3136 C3136 377
HN2V02ZH 2H02H 242 28C3268 3268 381
83275 83275 243 2803429 ME 385
28A1161 Al161 245 25C3547A HI 388
2SA1245 MD 248 2SC3547B HM 391
2S8C380TM C380TM 251 28C3605 3605 394
2SC941TM C941TM 257 28C3606 MH 399
28C1815 C1815 261 28C3607 MH 404
25C1923 C1923 264 28C3609 MH 409
28C2216 C2216 270 28C3745 MI 414
25C2347 2347 273 25C3862 HL 417
25C2348 2348 276 28C4214 HN 420
25C2349 2349 280 28C4215 QO (OR, 0, Y) 423
25C2458 2458 283 28C4244 HN 427
25C2498 2498 286 28C4245 HB 431
25C2499 2499 290 25C4246 HC 435
25C2644 C2644 294 2804247 HI 438
25C2668 C2668 297 2804248 HM 441
25C2669 C2669 303 28C4249 HD 444
25C2670 C2670 309 258C4250 HE 447
25C2712 LO(@-0,Y, G, L) 313 28C4251 HF 451
25C2714 QO (DR, 0, Y) 316 28C4252 HO 454
25C2715 RO (DR, 0, Y) 322 25C4253 HH 457
2SC2716 FO(OR, 0, Y) 329 25C4255 HO 460
2802717 Cc2717 270 28C4315 MK 463
25C2753 C2753 333 25C4316 C4316 468
25C2995 2995 336 25C4317 MN 473
25C2996 GO(@MR,0,Y) 342 25C4318 MN 478
25C3011 MA 348 25C4320 MN 483
25C3098 MB 351 2804321 MN 488
28C3099 MC 354 28C4322 MO 493
25C3120 HB 357 28C4324 MO 498
28C3121 HC 361 28C4325 MO 503
258C3122 HD 364 25C4392 MA 508
25C3123 HE 367 25C4393 ME 511
25C3124 HF 371 25C4394 MH 514




Type No. Marking Page Type No. Marking Page
28C4470 MP 519 2SK211 KO (D0, Y, G) 664
28C4527 HP 524 25K 241 K241 669
25C4839 MH 527 2SK302 TO (D0, Y, Q) 674
25C4840 MN 532 2SK1709 K709 680
25C4841 MO 537 2SK1710 K710 683
2504842 MK 542 2SK711 RBO (O-G, L, V) 686
25C4843 MN 547 2SK881 KO (@0, Y, G 689
2SC4844 MO 552 2SK 882 TO(O-Y, G) 693
2SC4915 QO (O-R, 0, Y) 557 2SK1771 UB 697
25C5064 MADO (30, Y) 561 25K 1875 RBO (DG, L, V) 700
25C5065 MAO (D0, Y) 566 2SK2331 F 703
28C5066 M1/M2(--0/Y) 571 28K 2332 G 708
28C5084 MCO (00, Y) 576 3SK126 uc 713
25C5085 MCO (00, Y) 581 3SK127 UD 717
28C5086 M5/M6(--0/Y) 586 38K 146 UE 722
25C5087 MCO (OO0, Y) 591 3SK151 UH 726
25C5088 MCO (d-0, Y) 592 3SK153 Ul 730
25C5089 MDO (OR, 0) 593 3SK160 UL 734
25C5090 MDO (O R, O) 598 3SK195 uJ 738
2SC5091 M7/M8 (-*R/0) 603 3SK199 UM 742
25C5092 MDO (O-R, O) 608 3SK207 UR 747
25C5093 MDO (O-R, 0) 609 3SK225 UT 752
25C5094 MEO (O-R, O) 610 3SK226 1619] 756
2SC5095 MED (O-+R, 0) 615 3SK232 Uo 760
25C5096 M9/MA (-R/0) 620 3SK240 UN 763
25C5097 MEO (OR, 0) 625 3SK249 Uuo 768
25C5098 MEO (OJ-R, 0) 626 3SK256 UR 773
28C5106 MFO (D0, Y) 627 3SK257 uT 778
2805107 MFO (00, Y) 631 3SK258 uu 782
25C5108 MB/MC (--0/Y) 635 3SK259 Ul 786
25C5109 MGO (00, Y) 639 3SK260 UH 790
28C5110 MGO (00, Y) 643 3SK274 UN 794
2S8C5111 MD/ME (-~ 0/Y) 647 3SK283 U1 799
2SK161 K161 651 3SK284 U1 804
2SK192A K192A 655 HN3CO1F WA 809
2SK210 YO (O-Y, G, B) 659 HN3CO2F WB 810




Type No. Marking Page
HN3CO03F wC 811
HN3CO6F WE 812
HN3CO7F WF 813
HN3CO08F WG 814
HN3G01J zO0@O--G, L, V) 815
TA4000F UA 819
TA4001F U9 822
TA4002F U8 825
TA4003F U2 828
TA4004F Ul 832
TA4006F UB 836
TA4007F ucC 840
TA4100F UB 844
TA4101F 4101F 847
TG2000F UD 850




(Il PRODUCT OUTLINE & EXPLANATION

1. SELECTION GUIDE (PACKAGE TYPES & APPLICATION)
1.1 TRANSISTORS FOR TV TUNER

Package Style

Super-Mini s Mini Quad ul
TO-92 (SOT-23 MOD./ | 2per-hini Bua tra usa
T0-236 MOD. ) (SOT-143 MOD.) Super-Mini
APPLICATION
» 2 2 N %
b3 ;sg' « b 2
35K240 35K274
GaAs MES *35K283 *3SK284
3sK127
35K 146
35K153 #35K249
RF | MoS 35K199 +35K256
35K207
35K232
UHF Bipolar 253828 25C4244
i 25C3120
MIX Bipolar 2503862 2SC4245
rscise
osc | Bipolar 25C2347 25C3121 25C4247
2SC3547A Sacaza
25C3547B SaCasd
35K126
ggﬁ]gg %35K257
MOS *35K258
RF 35K195 oRaas
35K225
VHE 35K226
Bipolar 25C2348 25C3122 25C4249
vix |_Bipolar 25C3136 25C3123 25C4250
MOS 35K151 ¥ 35K260
0SC | Bipolar 252349 gggjgég iggjﬁg;
* NEW




1.2 DIODES FOR TV TUNER

Package Style

P Super-Mini Ultra ;
Super-Mini (SOT-23 MOD./ Su P Ultra
¥ - . per-Mini MinG SSM SsC
coaxial lead | 75 535 MOD.| | coaxial lead | Super-Mini
APPLICATION o @ PP ; *
<@ b 4 > - @
} 1SV153 '
Tuning RV 15v214 * 1SV254
UHF |AFC 15V204 15V216 * 15V256
Mixer 155242 155295 155315
1SV153 15V214
1SV153A 18V215 *1SV254
1SV161 15v217 * 1SV255
VHF | Tuning Tovass 1Sv242 e
15V227 15v238 *1SV259
*15V262 *1SV274
*15V269 *1SV275
Band Switch | 155241 1as2c8 188314 o3 155364 *188371
AFC 15V204 15V216 * 15V256
*NEW
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1.3 TRANSISTORS FOR VHF~UHF EQUIPMENT

Packege Style

1.4 GaAs MODFETS FOR SHF

APPLICATION

Package Style

X

SHF Low Noise Amp.

*2SK2331
*2SK2332

* NEW

1

Super-Mini .. | Super-Mini
Power-Mini Ultra
TO-92  |{SOT-23 MOD. ad. - SSM usa
T0-236 MOD.) | (SOT-89) (51143 MoD,)| Super-Mini ]
APPLICATION
@ » ® 5 & » 'S
| 2 e 3 * >
PNP-TR| 2SA1161 2SA1245
25C2498 | 25C3098
25C2499 | 25C3099
25C3011 25C3745 | 2SC4392
VHF~UHF 25C2644 |%2SC5064 #2SC5065 | * 2SC5066
Low Noise NPN-TR| 25C2763 | 25C3429 | 2SC3268 25C4393
Amp 2SC3605 |#2SC5084 | 2SC3607 | #*2SC5087 | #2SC5085 | *2SC5086 | *2SC5088
25C4470
25C4316 |+#2SC5089 | 25C4318 | x2SC5092 | *2SC5090 | *#2SC5091 | *2SC5093
*2SC5094 #2SC5097 | #2SC5095 | *2SC5096 | *2SC5098
2SC3547A 25C4247
VHF~UHF NPN-TR 25C35478 25C4248
osc *2SC5106 *2SC5107 | *2SC5108
*25C5109 #2SC5110 | #2SC5111
* NEW




1.5 DIODES FOR VHF~UHF EQUIPMENT

Paxkage Style

Super-Mini Super-Mini _Mini Ultra
Qua {SOT-23 MOD./ usMm Super Mini | Super-Mini ssc
(SOR-143 MOD.) | TO-236 MOD.) coaxial-lia coaxial lead
APPLICATION - i 1
e 2 % @ @ @
s 4 ® b @ @ %
Attinuater, Switch| Single 18V128 *18V271
PIN| Twin 18v237 15V172 * 1SV252
Single 155154 155239
Mixer SBD ) 188271
Twin 155295
15v229 * 1SV257
1SV186 18v230 * 1SV258
. 1SV212 1SVv239 * 1SV260
Tuning 15v224 15245 *15V261
*1SV270 *1SV273
*1SV276
* NEW
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1.6 TRANSISTORS FOR FM AND AM TUNER

Package Style

Super-Mini Uit Super-Mini
TO-92 Mini  |(SOT-23 MOD./ SUDerf:mni ssM Quad. usa
APPLICATION T0-236 MOD. ) (SOT-143 MOD.)
» ® B | » g 7S
; L SR > . 2 >
35K126
Dual Gate ggﬂgg *35K257
MOS I *35K258
35K226
Single Gate
MOS 25K1771
Cascode
RE  |oase 25K241 25K302 25K882
Cascode 25K161 25K211 25K881
J-FET
Single Gate
- pngle 2SK192A | 25K210
Bipolar 25C1923 25C2668 | 25C2714 | 25C4215 | #2SC4915
Dual Gage 35K126
MIX | Dl RS #3S5K260
Bipolar 25C1923 25C2668 | 2SC2714 | 25C4215 | *2SC4915
Single Gate
osc | 25K192A | 28K210
. 25C2668 | 2SC2714
Bipolar 25C1923 otaees | 25C3a0e | 2sCa215 | x25C4915
) 25C2669 | 2SC2715
IF |Bipolar 25C380TM | 505000 | 5302008
RF |Single Gate| 5q50g 25K710 25K711 25K1875
J-FET
Bipolar 2SC941TM | 2SC2670 | 25C2716
AM 2SC380TM | 2SC2669 | 25C2715
CONV |Bipolar 2SC941TM | 2SC2670 | 2SC2716 | 2SC4116
25C1815 25C2458 | 25C2712
) 2SC380TM | 25C2669 | 25C2715
IF. |Bipolar 25C1815 25C2458 | 25C2712 | 25C4116

13




1.7 DIODES FOR FM AND AM TUNER

Package Style

Super-Mini Ultra
MINI MOD MINI (SOT-23 MOD./ Suoams
TO-236 MOD. ) uper-iVini
APPLICATION ° : ;
i High VT 15v103 15V225
FM Tuning Low VT 1SV101 15v147 15v228
) High VT 15V102
AM Tuning Low VT 15V149
AFC 15V160
Attenuater, Single 1SV128
SW(PIN) Twin 15V172 15V252

1.8 HYBRID DEVICES

APPLICATION

Package Style

sSmv

SMé

FmM8

g

b4

'

HN3GO1J

AM RF (with AGC)

TV VHF HN3COTF
HN3CO2F

TV UHF HN3CO3F
HN3CO6F

VHF~UHF HN3CO7F

Low Noise Amp. HN3COSF

AM Tuning

HN1VO1TH
HN1VO2H
HN2VO2H

14




1.9 CELL PACKS

Package Style

smMa SMV SM6 FM8 SM8
APPLICATION E g ’
g % ~»

Diff. Wide Band Amp. TA4000F
CATV CONV DBM S3275

TA4001F
VHF~UHF TA4002F
Wide Band Amp. TA4003F

TA4004F

VHF Wide RF Amp. TA4006F
VHF RF Amp. TA4007F
UHF RF Amp. #TG2000F
VHF~UHF Amp. MIX TA4100F

VHF~UHF DBM

TA4101F

# GaAs

15




2. CHARACTERISTICS CHART
2.1 TRANSISTORS FOR TV TUNER

MAX. RATINGS ELECTRICAL CHARACTERISTICS
Veeo| lo | Pe hee £(TYP.) Gp(Gc )/NF(TYP.) Cre | Cob
APPLICATION | Type No. 0UT LINE
Vee | lc Vee | le Vee | lc {Vage| f |(Crb*)
(V) {(mA)|{(mW) (V) {(mA)|(MHz)| (V) |(mA)|(dB/dB)| (V) [(mA)| (V) [(MHz)| (pF) | (pF)

25C382TM | 40 | 50 | 250 [3oMIN.[10 |4 faoomn |10 | 4 |6P32%145 | 4 | — | a5 )iowax| — [10-92

2SC383TM | 45 | 50 | 300 2100“6 12.5(12.5[300MIN.| 12.5[12.5| %2~ 112.5|12.5] — | 45| — 0‘23_5 T0-92
FIF AMP 25C388ATM | 25 | 50 | 300 | 20 112.5|12.5/300MN [ 12.5(12.5(%P28~ |12 5)125) — | 45| — |9B> 1092

25c2216 | 45 | 50 |300| %5 [12.5]12.5/300mn[ 12,5 12.5|%P20~ 12,5 12.5| — | 45| — 037 [ro-e2
UHF 0SC[25C2347 | 15 | 50 |250|20MIN.| 3 | 8 [esomn|10 | 8 | — | — | — | — | — | — |1.2 |r092
VHF RF  [25C2348 | 30 | 20 |250| 20> 110 | 2 | 65010 | 2 |24/2312 | — | 1.4|200| 0.3 | — |T0-92
VHF 0SC |25C2349 | 15 | 50 |250 [20MiN.] 3 | 8 |soomn|10 | 8 | — | — | —| — | = | — [1.2 |t0-92
PIF AMP |25C2717 | 25 | 50 |300| 4975 [12.5| 2 |soomm.[12.5[12.5|%P28>12.612.5] — | 45| — |9B8>lr092
UHE MiX/0s¢{25€3120 | 15 | 50 |150| 42> 110 | 5 |2400 (10 | 2 177810 | 2 | — |800| 06 | — |s-miNi
UHF 0sc|2sc3121 | 15 |50 [150| 80~ | 3 | 8 |1s00(10 |8 | — | — | —| —| —| — |09 |smmni
VHF RF  |25C3122 |30 | 20 |150( %9~ 110 | 2 | 650 10 | 2 |24/2 |12 | — |1.4]200| 03 [ — [|s-mini
VHF MIX [25€3123 | 20 | 50 |150| 49> 110 | 5 [1400(10 | 5 |3/3812 | 3 | — [200| 0.4 | — |s-mii
VHF 0sc [25¢3124 | 15 [ 50 150 42~13 | 8 [1100/10 |8 | — | — | —| = | = | — |09 [smmi
PIF AMP |2SC3125 | 25 | 50 | 150 22007) 10 [10 | e00|10 [10 | — | — | — | —| =1 — 1.1 |s-miN
VHF MIX |25C3136 | 20 | 50 [250( 40~ (10 | 5 |1400 |10 | 5 [23/38/12 | — | — |200| 0.4 | — |10-92
UHF 0SC|2SC3547A| 12 | 30 |150| 335 110 | 5 |a000|10 |10 | — | — | — | — | — | — |1.05 |s-MiNI
UHF 0SC|2sC35478| 12 | 30 |150| 7>% 110 | 5 |a000 |10 |10 | — |- — | — | —| — | — [1.05 |s-mini
UHF RF |2sC3828 | 20 | 20 150 [4omiN.[10 | 2 [1100 |10 | 2 |essma12 | — |3 |800| 0.24] — | sma
UHF MIX [25C3862 | 15 | 50 | 150 420(;5 10 |5 |2400/10 | 2 | — | =] —=|—=]—1]o06| — E’_‘a’fg“e'v
UHF RF |2SC4214 |20 | 20 [150|4omIN.| 3 | 1 | 850| 3 | 1 |15/2.8 45| — |2 |800| 0.3 — | sma
UHF RF |2SC4244 | 20 | 20 | 100 [40MIN.| 3 1 850 3 1 | 17/4 | 48| — |2 800 | 0.4%| — usm
UHF MIX/0s¢| 25C4245 | 15 | 50 [100| 4%~ 110 | 5 |2400|10 | 2 |17/8[10 | 2 | — |800| 0.6 | — | usm
UHF 0sC|2sC4246 | 15 | 50 [100| %5 | 3 |8 |1s00(10 |8 | — | — | — | —| —| — |09 | uswm
UHF 0SC|28C4247 | 12 | 30 [100| 3&5 [10 | 5 |a000(10 [10 | — | = | —| —| = | — |1.05| usm
UHF 0sC|2sc4248 | 12 | 30 [100] 2= 110 | 5 |4000 (10 [10 | — | — | — | — | —| — [1.08| -Usm
VHF RF  |25C4249 | 30 | 20 [100| 8= (10 | 2 | 650 (10 | 2 |24/2[12 | — [1.4[200|0.35| — | usm
VHF MIX |25C4250 | 20 | 50 [100| 4%~ 110 | 5 |1400 |10 | 5 |o5/4312 | 3 | — [200]0.45| — | usm
VHF 0SC [25C4251 | 15 | 50 [100| 4= | 3 | 8 |1100(10 |8 | — | — | — | —| =] — |09 | usm
VHF OSC |25C4252 | 12 | 30 [100] 40510 | 5 |2000(10 | 5 | — | — | — | — | — | — [1.05| uUsm
PIF AMP |25C4253 | 25 | 50 |100| 5% {10 |10 | 60010 10 | — | — | —| — | — | — [1.1 | usm
VHF 0SC |2sC42585 | 12 | 30 [150| 40> |10 | 5 |2000(10 |5 | — | — | — | —| — | — [1.05 [s-miNI
UHF 0sc|2scas27 | 15 | 50 | 100 513 |8 10010 |8 | — | —| ||| — |09 [ SV
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2.2 FETS FOR TV TUNER

MAX. RATINGS ELECTRICAL CHARACTERISTICS
APPLICATION |Type No. Vos| Io | Po lbss |Yfs| @1 kHz(TYP.) Grs(Ges®)/NF(NFcs°) (TYP.) |OUT LINE
(Veoo) Vbs \‘//ms/ Vos | Ib | Vezs Vos | Io |Veas| f
(V) | (mA) |(mw) | (mA) | (V) | (W) | (mS)| (v) |(A)| (v) | (dB/dB) | (v) |(mA)| (V) |iMHz)
3SK126 |15 30 | 150 |0~6| 6 |0/3 |20 6 10 |3 25/1.4 6 10 | 3 200 SMQ
3SK151 |15 30 [ 150 ({3~14 6 |0/3 |27 6 10 |3 245°/3.3 6 — — | 200 sSMa
3SK160|13.5| 30 | 150 |0~2 6 |0/3 |18 6 10 | 3 18/2.1 6 10 | 3 500 SMQ
3SK195(13.5| 30 | 150 (0~0.1| 6 |0/4 |13 6 10 |4 27/11 6 10 | 4 200 SMQ
VHF RF/MIX | 3SK225|13.5| 30 | 150 {0~0.1| 6 |0/4.5/21 6 10 | 4.5 | 22/2.0 6 10 | 4.5 | 500 sSMQ
3SK226{13.5| 30 | 150 [0~0.1| 6 |0/4.5/13 6 10 | 4.5 27/11 6 10 | 4.5 | 200 SMQ
3SK257(13.5{ 30 [100|0~0.1| 6 |0/4.5/21 6 10 | 4.5 22/2.0 6 10 | 4.5 | 500 usa
3SK25813.5| 30 | 100 |0~0.1| 6 |0/4.5{13 6 10 | 4.5 27/1.1 6 10 | 4.5 | 200 usa
3SK260 |15 30 | 100 |3~14| 6 [0/3 |27 6 10 |3 24.5°/3.3° 6 — — | 200 usa
3SK127 |15 30 | 150 |0~6| 6 |[0/3 |17 6 10 |3 16/3.2 6 10 | 3 800 SMQ
3SK146(13.5| 30 | 150 |0~2| 6 [0/3 |16 6 10 | 3 18/2.6 6 10 | 3 800 sSMQ
3SK153{13.5( 30 | 150|{0~2| 6 |0/3 |21 6 10 | 3 18.5/2.6 6 10 | 3 800 SMaQ
3SK199|13.5| 30 | 150 |0~0.1] 6 |0/4 |21.5| 6 10 | 4 19.5/1.9 6 10 | 4 800 sSMaQ
3SK207(13.5| 30 | 150 |0~0.1| 6 |0/4.5|21.5| 6 10 {4.5 | 19.5/1.9 6 10 | 4.5 | 800 sSMa
3SK232(12.5| 30 | 150 |0~0.1| 6 |0/4.5|21 6 10 | 4.5 20/1.5 6 10 | 4.5 | 800 SMQ
UHF RF/MIX [*3SK240|(-9)| 25 | 150 |6~20| 3 [0/0 |19 3 5|1 20.5/1.0 3 5 1 800 sSMmaQ
3SK249(12.5| 30 | 100 [0~0.1| 6 |0/4.5|21 6 10 | 4.5 20/1.5 6 10 | 4.5 | 800 usa
3SK256 {13.5| 30 | 100 {0~0.1| 6 |0/4.5/21.5| 6 10 | 4.5 |1 19.5/1.9 6 10 | 4.5 | 800 usa
3SK259 |15 30 {100 |0~0.1| 6 |0/3 [18.5| 6 10 | 3 19/2.6 6 10 | 3 800 usa
*3SK274|(-9)| 25 | 100 [6~20| 3 |[0/O |19 3 5 |1 20.5/1.0 3 5 1 800 usa
*3SK283|(-6)| 20 | 150 [4~16| 2 (0/0 |12 2 2 10.5|18.5/1.3 2 2 800 sSMaQ
*3SK284|(—-6)| 20 | 100 [4~16| 2 |0/0 |12 2 2 10.5|18.5/1.3 2 2 0.5 | 800 usa
* GaAs
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2.3 TRANSISTORS FOR VHF~UHF EQUIPMENT

MAX. RATINGS ELECTRICAL CHARACTERISTICS
APPLICATION | Type No. Vceo| lc Pc [Cob | Cre f(TYP.) S21:2(TYP.) NF (TYP.) OUT LINE
Vee | lc » | Vce | lc f Vce | Ic f
(V) {(mA){(mW)) (pF) | (pF) |(GHz)| (V) |(mA)|(dB)| (V) |(mA)|(GHz)|(dB)| (V) |(mA)|{(GHz)
2SA1161| -8 | —30|200|0.95(0.75| 3.5| -5 | —10| 8.0 -5 [ —10] 1 35| -5 |31 T0-92
2SA1245| -8 | -30|150(0.75(0.6 | 4 | -5 |-10| 9.5 -5 | ~10| 1 3 -5 | -3 |1 S-MINI
28C2498| 20 | 50/300(1.15(0.75| 3.5| 10 | 10|14.5| 10 | 10|/0.5|2.5| 10| 5 |0.5| TO-92
25C2499| 20 | 30|300(0.9 (0.6 | 4 | 10| 10|15.0] 10| 10/0.5|1.7| 10| 3|05 | TO-92
25C2644| 12 [ 120|500(1.6 (1.1 | 4 | 10| 30{14.0| 10| 30/0.5|2.3| 10| 10 |0.5| TO-92
2sc2753| 12 | 70{300{1.1 |0.65 5 | 10 | 20(10.5| 10 | 20|1 17010 5|1 TO-92
25C3011| 7 | 30[150(0.7 (0.5 | 6.5 5 | 10[12 5| 101 23| 5| 5|1 S-MINI
25C3098| 20 | 50|150(1.15(0.75| 3.5| 10 | 10{14.5| 10 | 10|0.5|25| 10| 5|0.5| S-MINI
25C3099| 20 | 30|150(0.9 (0.6 | 4 | 10| 10[15.0] 10| 10l05{1.7| 10| 3|05 smnI
25C3268| 12 | 70[800{1.05/0.7 | 5 | 10 | 20| 9.5/ 10 | 20|1 2 10| 5|1 P-MINI
25C3429| 12 | 70|150(0.85|0.57| 5 | 10 | 20[10.5| 10 | 20| 1 1.7/ 10| 5|1 S-MINI
2SC3605| 12 | 80(600|1.2 |0.75| 6.5 10 | 20[10 | 10 | 20|1 11010 5{1 T0-92
25C3607| 12 | 80[800(1.15(0.8 | 6.5 10 | 20| 9.5| 10 | 20|1 1.1 10| 5|1 P-MINI
2sC3745| 7 | 30[150(0.8 (0.5 | 6.5| 5 | 10[12 5| 101 20| 5| 51 sMaQ
2SC4316| 10 | 40|400/0.85(0.5 | 9 8| 20| 6 8! 2002 |17 8| 5|2 T0-92
2SC4318| 10 | 40[*8000.75|0.55| 9 8| 20| 55/ 8| 20(2 |1.7| 8| 5|2 P-MINI
25C4392| 7 | 30[100/0.7 (0.5 | 6.5/ 5| 10[12 5| 10{1 |23| 5| 51 usm
25C4393| 12 | 70[100(0.85(0.57| 5 | 10 | 20(10.5{ 10 | 20|1 1.7/ 10| 5|1 usm
VH;“N,I"F’,HF 25C4470| 12 | 80(150(1.0 (0.7 | 7 | 10| 20]11 10 | 201 1.1 10| 51 S-MINI
2SC5064| 12 | 30|150/0.7 [0.45| 7 5| 10[12 5| 10(1 1.1 5| 3|1 S-MINI
2SC5065| 12 | 30|100[0.7 |0.45| 7 5| 10{12 5| 10(1 1.1 5| 3|1 usm
2SC5066| 12 | 30|100(0.7 |0.45| 7 5| 10[12 5| 10[1 110 5| 3|1 SSMm
25C5084| 12 | 80|150|1.0 [0.65/ 7 | 10 | 20|11 10 | 201 11010 5|1 sM
25C5085| 12 | 80|100/1.0 [0.65/ 7 | 10 | 20|11 10 | 20(1 11010 51 usm
25C5086| 12 | 80|100|1.0 |0.65| 7 | 10| 20(11 10 | 20(1 1.1 10| 511 SSM
«2SC5087| 12 | 80|150(1.0 |0.65( 7 | 10| 20[13 | 10 | 20!1 11010 5|1 sMaQ
*2SC5088| 12 | 80|100(1.0 {0.65| 7 | 10| 20[13 | 10| 20| 1 11010 ] 51 usa
25C5089| 10 | 40|150(0.7 0.5 |10 8| 20| 7 8| 20|2 (17| 8| 5|2 P-MINI
2SC5090| 10 | 40|100 (0.7 0.5 |10 20| 7 8| 2002 |17 512 usm
2sC5091| 10 | 40|100/0.7 |0.5 |10 8| 20| 7 8| 20/2 |1.7]| 8| 5|2 SSM
*2SC5092| 10 | 40|150(0.7 |0.5 |10 8| 20| 9 8| 20|2 |1.7| 8| 5|2 sMQ
*2SC5093| 10 | 40| 100 (0.7 |0.5 |10 8| 20| 9 8| 20{2 |17 8| 5|2 usa
2SC5094| 10 | 15|150/0.5 [0.4 |i0 6 7| 78| 6 712 |18| 6| 3|2 S-MINI
2SC5095| 10 | 15(100|0.5 |0.4 |10 6 70 7.5 6 712 (18| 6| 3|2 usm
2SC5096| 10 | 15[1000.5 [0.4 |10 6 71 7.5 6 712 |18] 6| 3|2 SSM
*2SC5097| 10 | 15|150 (0.5 (0.4 |10 6 7| 9.5/ 6 712 |18] 6| 3|2 sMQ
*2SC5098| 10 | 15|100(0.5 |0.4 |10 6| -7| 9.5/ 6 712 (18| 6| 3|2 usa
2SC5106| 10 | 30|150(0.7 {0.5 | 6 5 5[11 5 51 — | =1 = =1 smmn
25C5107| 10 | 30|100[0.7 {0.5 | 6 5 5[11 5 5(1 — | = =1 = usm
25C5108| 10 | 30|100[0.7 |0.5 | 6 5 5(11 5 51 - ==~ SsSM
! 2sc5109| 10 | 60|150(0.9 0.7 | 5 5 5(10 5 51 — == =1 smnN
VHF~UHF | 28C5110| 10| 60|100(0.9 (0.7 | &5 5 5[10 5 51 — | =] =1= Usm
osc 2sc5111| 10 | 60|100(0.9 [0.7 | & 5 5[10 5 51 — =] =1 = SSM
2sC3547A| 12 | 30[160(1.05| — |4 [ 10| 10| — | — | —| — | — | —=| — | — | smnNi
2sC3547B| 12 | 30(15011.05) — [ 4 | 10| 10| — | — | — | — | — | — | — | — | sMmiNI
2sc4247| 12 | 30|100(1.05| — |4 |[10| 10| — | — | = | = | —|—=| —| — UsMm
2sc4248| 12 | 30{100(1.05) — (4 10| 10| — | — | —| —|—|—|—|— usm
* TENTATIVE

* Assembled on Al203 substrate (250mm2x0.8mmt)

18




2.4 GaAs MODFETS FOR SHF BAND

MAX. RAITINGS ELECTRICAL CHARACTERISTICS
APPLICATION | Type No. Veoo| o Po loss IYfs| 1kHz(TYP.) NF/Ga(TYP.) OUT LINE
Vbs | Vas Vbs Io Vos Io f
(V) [ (mA) (mW) (mA)| (V) | (V) [(mS)| (V) [(mA)| (dB/dB) | (V) |(mA)|(GHz2)
25K2331| -3 | 120 | 150 |25~120] 1 | 0 | 100 | 1 | 20 | 0.45/11 M
SHF AMP 45/ 1 20 | 12 MX
25K2332| -3 | 120 | 150 |25~120] 1 | 0 | 100 | 1 | 20 | 0.65/11 | 1 | 20 | 12 | mmx
2.5 TRANSISTORS FOR FM/AM TUNERS
MAX. RATINGS ERECTRICAL CHARACTERISTICS
APPLICATION Type No. | Veeo | e | Pe hee frTYP(MIN.) | Cre | gyt NE
Vce Ic Vce Ic |(Cob)
(V) | (mA) | (mW) (V) | {mA) |[(MHz)| (V) | (mA)| (pF)
25C1923 | 30 | 20| 100 | 40~200 6 | 1 |850| 6| 1 | 07| T092
25C2668 | 30 | 20| 100 | 40~200 6 | 1 |ss0| 6| 1 |07 MINI
FM RF, MIX/OSC |2SC2714 | 30 | 20| 100 | 40~200 6 | 1 |55 | 6| 1 | 07| smini
25C4215 | 30 | 20| 100 | 40~200 6 | 1 |80 | 6] 1 | 07 usm
25C4915 | 30 | 20| 100 | 40~200 6| 1 |ss0]| 6] 1 | 07 SSMm
25C2995 | 30 50| 200 | 40~240 6| 1 |3s0| 6| 1 | 09 MINI
FM 0SC
25C2996 | 30 50| 150 | 40~240 6 | 1 |350]| 6| 1 |09 | swmn
25C380TM | 30 50| 300 | 40~240 | 12 | 2 |(00)| 10 | 1 | (2.0| TO92
FM IF/AM CONV, IF |25C2669 | 30 | 50| 200 | 40~240 | 12 | 2 |@oo)| 10 | 1 | (2.0) MINI
2sC2715 | 30 50| 150 | 40~240 | 12 | 2 |(100)| 10 | 1 |(2.00] S-MiNI
2SC941TM | 30 | 100 | 400 | 40~240 | 12 | 2 | 80) | 10 | 2 | 2.2 | T0-92
AM RF, CONV  |2SC2670 | 30 | 100| 200 | 40~240 | 12 | 2 | (o) | 10 | 2 | 2.2 MINI
25C2716 | 30 | 100 150 | 40~240 | 12 | 2 | (80) | 10 | 2 | 2.2 | s-mI
2SC1815 | 50 | 150 | 400 | 70~700 6 | 2 | (80| 10| 1 | (0| To92
2SC2458 | 50 | 150 200 | 70~700 6 | 2 | @] 10| 1 |0 MINI
AM CONV, IF :
25C2712 | 50 | 150 150 | 70~700 6| 2 | (80| 10 | 1 | (.0 | sMini
2SC4116 | 50 | 150 | 100 | 70~700 6 | 2 | @) | 10| 1 |20 Usm




2.6 FETS FOR FM/AM TUNER

MAX. RATINGS ELECTRICAL CHARACTERISTICS

APPLICATION | Type No.| /> | 1 | P° toss Yis @1 kHz(TYP.) | Gn(Gos)/NF(NFes) (TYP.) | oy yng
Veps Vbs |Ve1s/ Vos | Io |Vazs Vos | Ip |Veas| f
(Vepo)| (lc) Vazs Gs (Vas)

(V) _|(mA) [(mW)[(mA)| (V) | (V) [(mS)| (V) [(mA)| (V) | (dB/dB) | (V) |(mA)| (V) |(MHz)
3SK126 |15 30 | 150 {0~6 6 | 0/3| 20 6 10 | 3 25/1.4 6 10 | 3 200 sSMQ
3SK151 |15 30 | 150 {3~14 6 | 0/3 | 27 6 10 | 3 24.5/3.3 |Vop10| 10 — | 200 sMa
3SK160 [13.5| 30 | 150 | 0~2 6 |0/3| 18 6 10 | 3 18/2.1 6 10 | 3 500 sMQ
3SK195 |13.5| 30 | 150 |0~0.1 6 |0/4| 13 6 10 | 4 27/1.1 6 — | 4 200 sMQ

FM RF, MIX |3SK225 |13.5| 30 | 150 [0~0.1 6 |0/4.5| 21 6 10 | 4.5 | 22/2.0 6 10 | 4.5 | 500 sSMQ
3SK226 |13.5( 30 | 150 |0~0.1 6 |0/4.5| 13 6 10 | 4.5 | 27/1.1 6 10 | 4.5 | 200 sSMQ
3SK257 |13.5| 30 | 100 |0~0.1 6 |0/4.5| 21 6 10 | 4.5 | 22/2.0 6 10 | 4.5 | 500 usa
3SK258 [13.5| 30 | 100 |0~0.1 6 |0/4.5] 13 [} 10 | 4.5 | 27/1.1 6 10 | 4.5 | 200 usa
2SK241 |20 30 | 200 [1.5~14 10 [0] 10 10 — (0) 28/1.7 10 — (0) | 100 MINI
2SK302 |20 30 [ 150 |1.5~14] 10 o 10 10 — (0) ' 28/1.7 10 — (0) | 100 | S-MINI
2SK882 |20 30 | 100 |3~14} 10 [0] 10 10 — {0) 28/1.7 10 — {0) [ 100 Usm

FM RF 2SK161 |(-18)] (10) | 200 | 1~10| 10 0 9 10 — (0) 18/2.5 10 — (0) | 100 MINI
2SK211 |(-18)] (10) | 150 |1~10f 10 o] 9 10 — (0) 18/2.5 10 — {0) | 100 | S-MINI
2SK881 |(-18)}{10)| 100 |1~10} 10 0 9 10 — (0) 18/2.5 10 — (0) | 100 usm
2SK1771(12.5] 30 | 150 |0~0.1 8 0o 15 8 10 — 23/1.0 8 16 — | 100 sSMQ
2SK192A((-18) | (10) | 200 |3~24| 10 [¢] 7 10 - (0) 24/1.8 10 — (0) | 100 MINI

FM RF, OSC
2SK210 |[(-18)| (10) | 100 |3~24| 10 o] 7 10 — (0) 24/1.8 10 — (0) | 100 | S-MINI
2SK709 |*-201 (10) | 300 |6~32 5 0 25 5 — (0) ~/0.5 5 1 |Rg 1ka| 1kHz | TO-92
2SK710 |*-20] (10) | 200 |6~32 5 0 25 5 — (0) -/0.5 5 1 |Rg 1kQ| 1kHz MINI

AM RF
2SK711 |*-20| (10) | 150 |6~32 5 o] 25 5 — (0) - — —_ - — | S-MINI
2SK1875|*-20| (10) | 100 | 6~32 5 0 25 5 — (0) - — — - — Usm
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2.7 TUNING DIODES FOR TV TUNER AND VHF~UHF EQUIPMENT

Vg Ir C+(1) Cr(2) ] Cr(1)/C+(2) rs(TYP.)
APPLICATION | Type No. Vr Va Vi Va(V)| f |OUT LINE
(V) [(nA)| (V) (pF) v) (pF) (v) (Q) |'C(pF)|(MHz)

V, UHF Tuning | 1SV153 30 | 10 | 28 [14.16~16.25| 2 |2.11~2.43 | 25 | 5.9~7.15 |0.45|*9 |470| sMC
V, UHF Tuning | 1SV153A | 30 | 10 | 28 [14.16~16.25| 2 |2.11~2.43| 25 | 6.9~7.15 0.4 | 6 |470| SMC
VHF Tuning (CATV) | 1SV161 30 | 10 | 28 | 26~32 2 | 2.5~32 | 25| 9.5MIN. (0.6 | 5 |470| smc
(UD“BFSQ‘,(,‘Q%/V) 1SV186 30 | 10 | 28 [3.31~4.55| 2 |0.66~0.82| 25 45MIN. [1.2 | 1 |470 sMmc
AFC 18V204 30 | 10 | 28 | 10.5~16 | 2 | 3.3~5.7 | 10 | 2.5~3.4 |0.55| 5 |470| SMC
VHF Tuning (CATV) | 1SV211 30 | 10 | 28 | 33~39 2 | 2.6~3.2 | 25 | 11.5MIN. [0.83| 5 |470| sSMC
UHF VCO 18V212 15| 3 |15 | 14~16 2 | 55~6.5 | 10 | 2.0MIN. [0.2 | 5 |{470| SMC
V., UHF Tuning | 1SV214 30 | 10 | 28 [14.16~16.25| 2 |2.11~2.43| 25 | 5.9~7.15 [0.4 | 5 |470| USC
VHF Tuning (CATV) | 1SV215 30 | 10 | 28 | 26~32 2 | 25~32 | 25| 95MIN. |06 | 5 |470| usC
AFC 1SV216 30 | 10 | 28 | 10.5~16 | 2 | 3.3~5.7 | 10 | 2.56~3.4 |0.55| 5 |470| uSC
VHF Tuning (CATV) | 1SV217 30 | 10 | 28 | 33~39 2 | 26~32 | 25 11MIN. |0.83| 5 [470| uUsC
CATV CONV OSC| 1SV224 30 | 10 | 28 {13.9~16.1| 2 | 1.7~2.1 | 20| 7.1MIN. |0.73| 5 [470| smC
VHF Tuning (CATV) | 1SV226 30 | 10 | 28 | 41~495 | 2 | 2.7~3.4 | 25 14MIN. [1.05| 5 |[470| sMC
VHF Tuning (CATV) | 1SV227 30 | 10 | 28 | 28~32 2 | 2.75~3.1 | 25 10MIN. |0.55| 5 |470| SMC
UHF vCo 18v229 15| 3 | 15 | 14~16 2 | 55~65 | 10 | 2.0MIN. 0.2 | 5 |470| uUsC
CATV CONV 0SC| 1SV230 30 | 10 | 28 |13.9~16.1| 2 | 1.7~2.1 | 20 | 7.1MIN. |0.73| 5 |470| usc
VHF Tuning (CATV) | 1SV231 30 | 10 | 28 | 41~495 | 2 | 2.7~34 | 25 14MIN. [1.05| 5 |470| uUsC
VHF Tuning (CATV) | 1SV232 30 | 10 | 28 | 28~32 2 | 2.75~3.1 | 25 10MIN. |0.55| 5 |470| usc
VHF Tuning (CATV) | 1SV238 30 | 10 | 28 | 31~38 2 |2.75~3.25| 25 | 10.7MIN. (0.7 | 5 |470| usc
UHF VCO 18V239 15| 3| 15| 3.8~4.7 | 2 | 1.5~2.0 | 10 | 2.0MIN. |0.45| 1 |470| uSsC
VHF Tuning (CATV) | 1SV242 30 | 10 | 28 | 36~42 1 | 2.43~3.0 | 28 | 13.4MIN. [0.65] 5 [470| sMm
UHF Tuning 1SV245 30 | 10 | 28 |3.31~455| 2 |0.61~0.77| 25 | 5.0MIN. (1.2 | 1 |470| uUSC
V, UHF Tuning | 1SV254 30 | 10 | 28 [14.16~16.25| 2 [2.11~2.43| 25 | 5.9~7.15 (0.4 | 5 |470| SSC
VHF Tuning (CATV) | 1SV255 30 | 10 | 28 | 26~32 2 | 25~32 | 25| 9s5BMIN. 0.6 | 5 |470| sscC
AFC 1SV256 30 | 10 | 28 | 10.5~16 | 2 | 3.3~5.7 | 10 | 2.5~3.4 |0.55| 5 |470| SSC
UHF VCO 18V257 15| 3 |15 | 14~16 2 | 55~6.5 | 10| 2.0MIN. (0.2 | 5 |470| ssC
CATV CONV OSC| 1SV258 30 | 10 | 28 {13.9~16.1] 2 | 1.7~2.1 | 20 | 7.1MIN. |0.73]| 5 |470| ssC
VHF Tuning (CATV) | 1SV259 30 |10 | 28 | 28~32 2 | 2.75~3.1 | 25 10MIN. [0.55| 5 |470| ssC
UHF vVCO 18V260 15| 3|15 | 38~47 | 2 | 1.5~2.0 | 10| 2.0MIN. |0.45| 1 |470| ssC
UHF Tuning 18V261 30 [ 10 | 28 |3.31~4.55| 2 [0.61~0.77| 25 | B.OMIN. |1.2 | 1 |470| ssC
VHE Tuning (CATV) | 1SV262 34 | 10 | 32 | 33~38 2 | 2.6~3.0 | 25 12MIN. 0.6 | 5 |470| usc
VHF Tuning (CATV) | 1SV269 34 | 10 | 32 | 29~34 2 | 25~29 | 25 | 10.8MIN. [0.55| 5 |470| USC
UHF VCO 18v270 10| 3| 10| 15~17 1| 7.3~87 4| 1.8mIN. |0.28| 1 |470| usc
UHF VCO 18v273 10| 3|10 18~17 1| 7.3~8.7 4| 1.8vIN. |0.28] 1 |470| ssC
VHF Tuning (CATV) | 1SV274 34 |10 | 32 | 33~38 2 | 26~3.0 | 25 12MIN. [0.6 | 5 |470| ssc
VHF Tuning (CATV) | 1SV275 34 | 10 | 32 | 29~34 2 | 2.5~2.9 | 25 | 10.8MIN. [0.565| 5 |470| ssC
UHF VCO 18V276 10| 3|10 15~17 1 | 7.0~85 4| 1.8MIN. |0.22] 1 |470| usc
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2.8 TUNING DIODES FOR FM/AM TUNER

Vg Ir C+(1) C+(2) Q(rs(Q)TYP.)
APPLICATION | Type No. Va Va A Va | f |OUTLINE
(V) | (nA) | (V) (pF) V) (pF) (V¥ | (=) | (V) |(MHz)
1sV102 | 30 | 50 | 30 | 360~460 | 2 15~21 25 | 200 | 2 1
AM Tuning
1SV149 | 15 | 50 | 15 | 435~540 | 1 19.9~30 8 | 200 | 1 1
FM Tuning 1sv101 | 15 | 10 | 15 28~32 3 12~14 9 | (0.3) |c=30pF| 50 MiNt
1SV103 | 32 | 50 | 30 37~42 3 | 13.2~16.2 | 30 |(0.35)|C=20pF| 50
FM Tuning 1Sv228 | 15 | 10 | 15 |%28.5~32.5| 3 |%11.7~13.7| 8 |+©03| 3 | 100 | s-miNi
(TWIN) 1SV147 | 15 | 50 | 15 |%28.5~32.5| 3 |%11.7~13.7| 8 |*(0.3)|c=30pF| 50 MINI
1SV225 | 32 | 50 | 30 |x18.5~21 3 |*6.6~7.7 | 30 |x(035) 3 | 100 | s-MINI
AFC 1SV160 | 15 | 100 7~14 4 - — 07| 4 | 50| smini
* Twin Characteristics
2.9 TUNING HYBRID DIODES FOR AM TUNER
Ve | In(MAX) crl1) cr(2) Q
APPLICATION | Type No. Ve Va Ve |MIN| Ve | f | CONTENTS |OUT LINE
(V) [(nA)| (V) (pF) V) (pF) (V) | (=) [ (V). |(MHz)
HNIVOTH | 16 | 20 | 16 | 435~540 | 1 [19.9~26.7| 8 [200| 1.| 1 | 1SV149x4 | FM8
HN1VO2H | 16 | 20 | 16 | 435~540 | 1 |19.9~26.7| 8 [200] 1 | 1 | 1SVi49x2 | Fm8
AM Tuning
HN2VO2H | 16 | 20 | 16 | 435~540 | 1 [19.9~26.7| 8 [200| 1:| 1 | 15V149x3 | FM8
*HNOVOTH | 16 | 20 | 16 | 435~540 | 1 |19.9~26.7| 8 {200 1 | 1 | 1Svi49x3 | Fms
*UNDER DEVELOPMENT
2.10 PIN DIODES FOR TV BAND SW AND ATT.
Va 1r(MAX) VE(MAX) Cr{MAX) rs(TYP.)
APPLICATION | Type No. Va Ir Va Ie f |ouT LINE
(\%] (1A) (\%) (\%] (mA) | (pF) (\%] Q) (mA) | (MHz)
155241 30 | o1 15 | 085 | 2 1.2 6 0.6 2 100 sMc
Single| 155314 30 | o1 15 | o085 | 2 1.2 6 05 2 100 usc
188371 30 | o1 15 | 085 | 2 1.2 6 0.5 2 100 ssc
TV Band 155268 30 | o1 15 | 085 | 2 1.2 6 0.6 2 100 | S-MINI
Switch 155269 30 | o1 15 | 085 | 2 1.2 6 0.6 2 100 | S-MINI
Twin | 158312 30 | 0.1 15 | 085 | 2 1.2 6 0.6 2 100 UsMm
185313 30 | o1 15 | o8 | 2 1.2 6 0.6 2 100 usm
155364 30 | o1 15 | o085 | 2 1.2 6 0.6 2 100 SsM
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2.11 PIN DIODES FOR AM/FM~UHF ATT.

Vg Ir(MAX) Ve(MAX) Cr(MAX) rs(TYP.)
APPLICATION Type No. Va In Vi Ir § OUT LINE
v) (A) (V) (V) (mA) | (pF) V) (Q) (mA) | (MHz)
1SV99 50 0.1 50 0.95 50 0.3 30 7 10 100 TO-92
Single| 1SV128 50 0.1 50 0.95 50 0.25 50 7 10 100 S-MiINI
1SV271 50 0.1 50 0.95 50 0.25 50 4 10 100 usc
SW, ATT
1SV172 50 0.1 50 0.95 50 0.25 50 7 10 100 S-MINI
Twin | 1SV237 50 0.1 50 0.95 50 0.25 50 4 10 100 sSMQ
1SVv252 50 0.1 50 0.95 50 0.25 50 7 10 100 Usm
2.12 SCHOTTKY BARRIER DIODES FOR VHF~UHF MIXER
Vr Ie VE(TYP.) C(TYP.)
APPLICATION Type No. *Viam Ir Ve OUT LINE
(V) (mA) (v) (mA) (pF) (v)
1SS154 6 30 0.5 10 0.8 0] S-MINI (Single)
VHS~S Band MIX 1SS239 6 30 0.5 10 0.8 (0] SMC
188271 6 30 0.55 10 0.9 0 S-MINI (Twin)
1SS242 *5 30 0.25 2 0.6 0.2 sSMC
UHF MIX 188295 4 30 0.25 2 0.8 0.2 S-MINI (Twin)
188315 *5 30 0.25 2 0.6 0.2 ust
2.13 HYBRID TRANSISTORS FOR AM TUNERS
Veos| le |Vceo| lc | Pr loss |Yfs| TYP. hre
APPLICATION |Type No. Vos | Ves Vos | Vas Vee | Ic | CONTENTS |OUT LINE
(V) [(mA)] (V) [(mA)(mW) (mA) | (V) | (V) | (ms) | (V) | (V) (V) (mA)
AM RF HN3G01J | —=20| 10 | 50 | 150|200 | 6~32 5 0 25 5 0 [120~400| 6 2 | 25K711+28C2712 SMV
2.14 HYBRID TRANSISTORS FOR VHF~UHF BAND
Vceo| lc |Pc* hee fr TYP. NF TYP. .
APPLICATION | Type No. Ve o Ver | s Vol 1o | | CONTENTS |OUT LINE
(V) (mA)/(mW) (V) [(mA)|(GHz)| (V) (mA)|(dB)| (V) (mA)|(GHz)
VHF MIX. OSC HN3CO1F| 20 | 50 |300|40~300| 10 5| 1.4, 10 5| — | — | — | — |28C3123%x2 SM6
UHF MIX. OSC HN3CO2F| 15 | 50 |300{40~200| 10 51 2.4 10 2| — | = | == ZSC31ZOX2 SM6
UHF MIX. OSC HN3CO3F| 12 | 30 |300|35~130| 10 5| 4 10|10 — | — | — | — |2SC3547Ax2 SM6
VHF/UHF Low Noise Amp.| HN3CO6F| 12 | 80 [300|30~250| 10 | 20 | 7 10 20|1.1[ 10| 5 1 |25C3606%x2 SMé
VHF/UHF Low Noise Amp.| HN3CO7F| 10 | 40 | 300 | 50~250 8| 20 |10 81 20|1.7 5 2 |2SC4317%x2 SM6
VHF/UHF Low Noise Amp.|HN3CO8F| 10 | 15 | 300 | 50~250 6 7 |10 6 711.8 6| 3 2 |2SC4322x2 SM6

*Total Pc
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2.15 CELL PACKS FOR VHF~UHF

lec |S2112TYP. NFTYP. | BW TYP. P, TYP.
APPLICATION  [Type No. Voo Voo | ¥ Ve T 7 Voo Voo T F T Pi | OUT LINE
(mA)| (V) |(dB)| (V) |(MHz)| (dB) | (V) |(MHz)|(GHz)| (V) |[dBmW) (V) |(MHz){dBmW)
Diff Wide Band Amp. |TA4000F| 9~15| 5 |15 5 | 400 | 4 5 |400| 1.3 5 -2 5 | 400 | -10 SM6
VHF~UHF Wide Band Amp., TA4001F |14~24| 5 |12.5| 5 500 | 5.2 500 | 2.4 5 2 5 500 0 sMQ
VHF~UHF Wide Band Amp.| TA4002F | 10~20| 5 |23 5 500 | 4.7 5 500 | 1.3 5 5 5 500 0 sMQ
VHF~UHF Wide Band Amp. TA4003F [2.5~4.5] 2 11 2 500 | 5.2 2 500 | 1.5 2 0o 2 500 0 SMV
VHF~UHF Wide Band Amp.| TA4004F [2.5~4 2 10.561 2 500 | 4.2 2 500 | 1.2 2 0o 2 500 0 SMV
Ioo Gps/NF TYP.
APPLICATION  |Type No. Voo T Ve Voo | Vez £ |OUT LINE
(mA) (V) (V) (dB/dB) (v) v) (MHz)
VHF Wide RF Amp.|TA4006F 6~14 9 7 24/2.0 9 7 500 SMV
VHF RF Amp. TA4007F 6~14 9 7 28/1.3 9 7 200 sSMvV
UHF RF Amp. TG2000F 11 TYP. 4.5 2.5 19/1.5 4.5 2.5 800 SMvV
lc Po hee fr
APPLICATION |Type No. Ve lc Ve Ie OUT LINE
(mA) (mW) (=) (V) (mA) (GHz) v) (mA)
N 15%(1) | BO~150%*(1) 5#(1) N 6*(1) 5#(1)
VHF-UHF RF/MIX [TA4100F| 6~14 | 15700 | 50~7507 11 6 1ox@ | 3577 | 4s@ | 10%@ | SM6
%(1)Q1, 02 *(2) 03
lee Po Gmix/NFuix
APPLICATION  [Type No. Voo for P | OUT LINE
(mA) (mW) (dB/dB) (V) (MHz) (MHz) (MHz)
VHF~UHF DBM |TA4101F 5.7 *300 -3.5/9.0 5 800 860 60 SM8
2.16 CELL PACKS FOR CATV CONV
Vg Ir Ve TYP. Cr TYP. AVe MAX. ACT MAX.
APPLICATION |Type No. i i " V| OUT LINE
(V) | (mA) | (V) | (mA) | (pF) (V) (mV) | (mA) | (pF) v)
CATV CONV, DBM| S3275 6 15 0.53 10 0.65 o] 20 10 0.15 0 FM8:
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2.17 RF TRANSISTOR f; 7GHz SERIES

@® Low noise figure and high gain
@ High current application: 2SC5065 (2SC5064 series)
@ Low current application: 2SC5085 (2SC5084 series)
@ 5 different pack (Surface mount type)

@ Application circuit:

RF CHARACTERISTICS (TYP.)

Symbol NF (dB) IS21el* (dB)
Type 500MHz| 1GHz [S00MHz] 1GHz
2SC5064 1.0 1.1 17 12
2SC5084 1.0 1.1 16.5 11
LINE UP
Type Package
High Current
2SC5084 S-Mini
2SC5085 USM
2SC5086 SSM
2SC5087 SMQ
2SC5088 USQ
Low Current
2SC5064 S-Mini
2SC5065 USM
2SC5066 SSM
[S21el* — Ic
25C5065
~ _£
% 12 //\ T ~ L
"z A N
& A7
[ y A
z 8 g 25C5085
3 +7
z 7
] /
B
7] @ VCE= 5V : 25C5065
z 10V : 25C5085
f=1GHz
o Ta=25C
1 3 5 10 30 50 100

COLLECTOR CURRENT Ic (mA)

25

TRANSITION FREQUENCY fp (GHz)

NF (dB)

NOISE FIGURE

12

AMP, MIX, OSC stage for UHF Band

fT — IC
@ VGE= 5V : 2505065 -
10V : 25C5085
Ta=25°C 2505065
8 /
-~
el P N
V] + N
/ A
4 4 4 )
T L I 2505085
»
L
-~
//
0
1 3 5 10 30 50

COLLECTOR CURRENT Ig (mA)

NI - ICc

100

@ VCg= 5V : 25C5065
10V : 25C5085

f=1GHz
Ta=25°C

J

Y
-

~

25C5085

TR

1 3 5 1

0

30 50

COLLECTOR CURRENT Ic (mA)

100



2.18 RF TRANSISTORS NEW f; 10GHz SERIES

@ 1M-bit and 4M-bit DRAM stepper technologies
Emitter width=0.6pum

@® Low noise figure and high gain

@ High current application: 2SC5090 (2SC5089 series)

@ Low current application: 2SC5095 (2SC5094 series)
@ 5 different pack (Surface mount type)
@ Application circuit: AMP, MIX, OSC stage for UHF Band

RF CHARACTERISTICS (TYP.)
Symbol NF (dB) IS21el? (dB)
Type No. 1GHz | 2GHz | 1GHz | 2GHz
2SC5089 1.1 1.7 13 7
2SC5094 14 1.8 13 75
LINE UP
Type No. Package
High Current application
2SC5089 S-Mini
2SC5090 USM
2SC5091 SSM
2SC5092 SMQ
2SC5093 UsQ
Low Current application
2S5C5094 S-Mini
2SC5095 USM
25C5096 SSM
2SC5097 SMQ
2SC5098 UsQ
[S21el* — Ic
5 12
: §|— 25C5005 11—
] hr
5 e // 2scso|90
& i
: |/ o vou-ty
4 f=2GHz
o Ta=25°C
1 3 5 10 30 50 100

COLLECTOR CURRENT Ic (mA)

26

TRANSITION FREQUENCY fr (GHz)

NF (dB)

NOISE FIGURE

fr — Ic
25C5095 L
LA / ~N
4
M
] X
A
221 1AL 2scsos0
1/ /'/
71V
’
Pl v
/ @ VCE=8V : 25C5090
6V : 25C5095
Ta=25°C
1 3 5 10 30 50

COLLECTOR CURRENT Igc (mA)

100

NF - I¢
@ VCE=8V : 25C5090
6V : 2SC5095
f=1GHz, 2GHz
Ta=25°C
f=2GHz | -f=1GHz r f=2GHz
\ < //// fl-—-lGHz
= —— )Q
o
— il 25C5090
\Y
2SC5095
!
1 3 5 10 30 50 100

COLLECTOR CURRENT Ic (mA)



2.19 RF TRANSISTORS FOR PAGER 2SC5064, 2SC5094, 2SC5106 SERIES

@® SUPERIOR LOW VOLTAGE/LOW CURRENT OPERATION CHARACTERISTICS, SUIT FOR
PAGER AND HAND HELD PHONE.

RF CHARACTERISTICS (@VCE=1V/Ic=1mA)

Symbol 1S21el? (dB) fT (GHz)
PRT f(MHz) | 150 280 450 900
2SC5065 10 9 8 6 2
25C5095 9 9 8 7 3
2SC5107 8 8 7 4 2
TRANSISTOR
PACKAGE SM USM SSM
BLOCK
RF Amp. 2SC5064 2S8C5065 2SC5066
MIX 2SC5094 2SC5095 2SC5096
0SC 2SC5106 2SC5107. | 2SC5108

@ 2SC5095 IS SUITSBLE FOR US PAGER (450MHz, 900MHz)

@ 3 DIFFERENT PACKAGES: SM, USM, SSM

[S21ef* - 1
Vceg=1V
a 15 Ic=1mA
= Ta=25°C
a_
]
)
2 4 c
E—— [ 2SC5095
b ¢ NS
<] A
=z, / ~ Q\\
o ™ N N
= 5 28C5107 2SC5065 _|
8 A
w
Z
0
0.03 0.1 0.3 1

FREQUENCY f

(GHz2)

INSERTION GAIN [Sg1./® (dB)

27

20

15

[S21el* - Ic
Y,
//
25C5095 N ar
7
~+< Loscsoss
Viva
/0
/
Y4
/, Nascs107
’ Vecg=1V
7 f=280MHz
Ta=25°C

0.3

1 3

10

COLLECTOR CURRENT Ig (mA)
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2.20 COMPARISON DATA OF LOW FREQUENCY NF

NF (LF) (dB)

50
VCE=56V Caption
Ic=3mA 25C5064 : =m0
;af?(s)kcﬂ 2SC5084 : = =0 ==
0 8 2SC5089 ;: —e—
25C5094 : == ==
2SC5106 : ~ = a- =
2SC5190 : == A==
2SC3606 : ==0 ==
30 CURRENT PROCESS DEVICE 2SC4317 : —m——
. v 25C4322 : ==m-=
S \0-\/
N 3{\'
20 =>4 S
\\\\ < 4 \:\N\
t Il o) t\t N .
So SIS ]
~-RT1I5F SR L
~ T 4T — P sy e ] [ O —
10 Y <
{ = i o e il I 10 "G s g P pos s s e
NEW PROCESS DEVICE
Amp., .
(OSC app.) (Amp., MIX app.)
0 L1l L1
10 100 1k 10k 100k

f (Hz)
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2.21 Gps, NF-Vps CHARACTERISTIC

Gps (dB)

POWER GAIN

24
COMMON SOURCE
f = 800MHz
Ta=25°C
22
c 3SK232 (Si MOS FET)
ps
3SK240 — === ==
- ~
// _- -+ el
A - ~
20 -~ - = ~
e P
/ L-”
/s e 3SK207 (Si MOS FET)
.
.
7
35K283 |
/ Y
/ / lll
18 —
!/
I/
l I3
I
|/
J Type No. Vgas (V) Ip (mA)
16 : 3SK240 1 5
1 35K283 05 2
3SK207 45 10
3SK232 45 10
14
12
NF
3SK207 (Si MOS FET) p=====f=mmmmdmmme oo fe e e = = ] -
P
10 35K232 — =
3SK283
3SK240
8
2 4 6 8 10 12

DRAIN-SOURCE VOLTAGE Vpg (V)

29

NF (dB)

NOISE FIGURE



2.22 DUAL GATE FET

NF-f CHARACTERISTIC

U
6 ( ) UsSQ
3S8K126
54—
5 3SK151
(3SK260)
4 -
3SK160
3SK225
= T (3SK257)
Z
> 3SK127
Z 31
& (35K259)
2 3SK153
= I 3SK199
- 3SK207
@2 (3SK256)
o
Z 2
1
(3SK249)
3SK232
0 Lo 1 1 1 1 L1111
50 70 100 200 300 500 700 1000

FREQUENCY f (MHz)
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2.23 VARICAP C-V CHARACTERISTICS IN TV TUNERS, BS TUNERS AND
TELECOMMUNICATION USE

C (pF)

CAPACITANCE

50

| 1SV262, 1SV274

\ f 1SV226, 1SV231
\

\

AN
\
\

| —18V227, 1SV232

30

\

\

(ISVHSL 18V215, 1SV255

20

N
\
\
/

N\

|_—1s

V269, 1SV275

—
=

NS

AN

0.7

\
A\

AN

N\

< e
Q SN
\ \\ \\\\ N

1SV212 \

<\
SNADNNNAN

1SV229 SO TTOS N
\  1svasr \\ N, \\&\\ No
18V270 ~ \\: S
18V2 >
N 1SV153 ~ S
N 1Sv214 Sl IS
N 1SV254 /wx S
S ‘\;.,_

1SV204 /\

~

1SV216 [~ ==
18V256 \Q_‘
1SV224
1SV230
1SV258
-
N . 15V239
S 1SV260
~
~ ~
~
1SV261 N
~N
<

*S3,

342

10

15

20

REVERSE VOLTAGE Vi (V)
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2.24 VARICAP C-V CHARACTERISTICS IN AUDIO TUNERS

1000
700 |
500 |
300 |- 1SV102
200 |-
=
&
o  100]—
8 - 1SV147
5 L 1SV228
e 50 |-
S 0 1SV149
& B 1SV101 HN1VO02H
S 5 HN1VO1H
B HN2V02H
20
1SV103
1SV225
10 —
7L 1svi60
5 | ! l ] ] I
0 5 10 15 20 25 30

REVERSE VOLTAGE Vk (V)
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3. BLOCK DIAGRAM OF RECOMMENDED PRODUCTS

3.1 RF DISCRETE DEVICES FOR AM TUNER

PIN Diode Bi-Transistor

Single Double TO-92 MINI SM

TO-92 SM usc SM SMQ USM 2SC380TM | 25C2669 | 2S5C2715
* *

1SV99 [1SV128(1SV271|{1SV172|1SV237|1SV252 2SC941TM | 25C2670 | 25C2716
* NEW
ANT

AGC Tuning RF Amp. Tuning MIX

4 .
AN ZS | ZS » IF Amp.

osc

Tuning

Dl

AGC RF Amp.
Bi-Tr J-FET
MINI SM TO-92 MINI SM USM
25C245825C2712/ 25K709 | 2SK710 | 2SK711 |2SK1875
AGC+RF Amp.
SMV
HN3GO1J

33

Tuning Varicap

MINI

1SV102
1SV149

FMm8

HN1VO1H
HN1VO2H
HN2VO2H
@ HNOVO1H

@ Under development



3.2 RF DISCRETE DEVICES FOR FM TUNER

Dusl Gate MOS FET Single Gate MOS FET Dual Gate MOS FET
SMQ usa MINI SM UsSM sMaQ usa
3SK126 25K302 3SK126
3SK160 3SK225 3SK257[2SK241| SMQ |2SK882 3SK151 35K260
3SK195 3SK226|3SK258 25K1771 Bi-Transistor
Bi-Transisitor J-FET MINI SM USM SSM
MINI SM USM MINI SM UsSM 25C2668|2SC2714|2SC4215(25C4915
2SK161 |2SK211
25C2668|25C2714|25C4215 25K881
2SK192A | 2SK210
Cell Pack
SMV
TA4007F
ANT
AGC Tuning RF Amp. Tuning MIX
. 4
DM ZS Zlg IF Amp.
[ AGC ose
PIN Diode
Single Double €
TO-92 SM usc SM SMQ Usm $
1SV99 | 1SV128 *1$V271 1SV172 | 1Sv237 >l‘1SV252 Tuning
* NEW
[ osc_
Tuning Varicap Diode J-EFT
Single Type Twin Type MINI ’ SM
MINI MINI SM 2SK192A 1 2SK210
1SV103 | 1SV225 Bi-Transistor
1SV101
1SV147 | 1SV228 MINI SM USM SSM
AFC Varicap Diode 25C2668125C2714
25C4215|2SC4915
SM 25C2995(2SC2996
1SV160

34



3.3 RF DISCRETE DEVICES FOR TV/VCR TUNER

Bi-Transistor Bi-Transistor
VHF UHF VHF UHF
i COLLECTOR BASE COLLECTOR
' COMMON COMMON COMMON
MITIER .
| S| Eion » »
usm SM | USM SM SM SM UsM SM usm SM Usm SM
25C4250(25C3123:25C4253 [25C3125|25C3120|25C3547A 25C4251|2SC3124
2SC4245 25C3120528C4251 25C3124|2SC3862 |25€35478 25C4246(2SC3121
125C4246(25C3121| USM UsM 25C4252|25C4255|25C4246|25C3121|25C4247|25C3547A
(Wide | (Wide (Wide | (Wide 25C4247 25C4248|25C35478
: 25C4245
Band) | Band) | Band) | Band) 25C4248 (Wide | (Wide
Dual Gate FET Schottky Diode Band) | Band)
VHF and Wide Band VHF UHF
sSMQ usa SMC usc
3SK151 *3SK260 15S242|1SS315
3SK153 *3S5K259
*NEW
ANT
Tuning RF Amp. Tuning MIX
L ,\ .
A—| %%
Tuning
Tuning Varicap Diode a1
Wide Band VHF UHF osc
SMC SMC Z.S
1SV161 18V226 1SV153A
1SVv211 1Sv227 1SV153
usc uUscC
1SVv217 1SV232 1Sv214
*15V262 SS; 15V269 <o Dual Gate FET
15255 VHF UHF
* —
= *18V259 | *1Sv254 SMa_| Usa | SMa | usa
*1SV274 *1SV275 35K126 #3SK240 | #3SK274
SM(Twin Type) 3SK160 #3SK283 | #35K284
1SV242 3SK153 |*3SK259| 3SK146
AFC Diode 3SK195 35K199
VHF~UHF 3SK225 |*3SK257 | 3SK207 |*3SK256
SMC USC_ | SSC 3SK226 |*3SK258| 3SK232 |*3S5K249
15vV204 1SV216 [*1SV256 Cell Pack
Band SW SMV SMV
VHF and Wide Band VHF *TA4006F #TG2000F
Twin *TA4007F
i 3 Bi-Transistor
Single LFX AR VHF UHF
880, | S8
EMITTER BASE
SMC SM COMMON COMMON
155242 155269 | 155268 5
usc Usm
1SS314 1SS313 | 158312 ysm SM Usm ZSSC'\;;)28
SSC SSM 2SC4249|2SC3122|2SC4244 55C4a214
* 188371 [¥1SS364
*NEW NOTE *NEW

#GaAs




3.4 RF DISCRETE DEVICES FOR CATV CONVERTER

2'nd OSC

2'nd MIX

Bi-Transistor Bi-Transistor Schottky Diode
TO-92 PW-Mini Base Common sSMQ SM
2SC3605 | 2SC3607 UsSM SM 1SS239 1SS154
2SC4246 | 2SC3121 Si Dual Gate MOS FET
Si Dual Gate MOS FET sSMQ usa
Pin Diode sSMQ usa 3SK199
Single Twin 35K199 3SK232 *3SK249
usc sSMQ 3SK232 *3SK249 * NEW
*1SV271 1Sv237 *NEW
TO-92 SM SM usm
1SV99 | 1SV128|1SV172 |*1SV252
* NEW
RF Amp. ATT 1'st MIX 1'st IF Amp. 2'nd MIX
CABLE M- 2'nd IF Amp.

Buffer Amp.

Bi-Transisitor

1'st Amp.
SMQ SM
*2SC5087 | *2SC5084

Ctuning YRR Vst wix )

1’st OSC

S
uning

1'st OSC

Buffer Amp.

2'nd OSC

1'st IF Amp.

*NEW

36

Tuning Varicap Schottky Diode Bi-Transistor Bi-Transistor
SMC SMC Base Common SM SMQ
1SV153A 155239 SM x25C5084 |*2SC5087
18v224 FM8 25C4255 GaAs Dual Gate FET
usc $3275 Usm sma usa
15V214 25C4252 3SK240 | 3SK274
1Sv230 Si Dual Gate MOS FET
ssC smMo l uso
*1SV254 3SK199
*1SV258 3SK232  *3SK249
*NEW



3.5 RF DISCRETE DEVICES FOR SHF LNB DOWN CONVERTER

MODFET MODFET MODFET MODFET
MM X MMX MMX MMX
#25K2331 *25K2332 @S1B66 @S1B66
*2SK2332 ®S1B66
ANT
RF Amp. (1) RF Amp. (3) BPF MIX 1'st IF Amp. (2)
RF Amp. (2) 1'st IF Amp. (1)
0oSscC
Bi-Transistor Bi-Transistor
SMQ SMQ
*2SC5087 *2SC5087
*2SC5092 *2SC5092
Cell Pack
* TA4001F
* NEW

@ Under Development
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3.6 RF DISCRETE DEVICES FOR SHF 2’'nd CONVERTER

1'st IF Amp. m 2'nd IF Amp. (1)

Bi-Transistor Bi-Transistor Bi-Transistor
sMQ sMaQ sMQ

*2SC5092 %2SC5087 *2SC5087 %2SC5087

*NEW *2S8C5092 *2S8C5092
Schottky Diode SM

SMC *2SC5084

185239 *2SC5089

*NEW Cell Pack

TA4002F

TA4003F

* NEW

1'st IF Amp. Tuning MIX 2'nd IF Amp.(1) SAW Filter 2'nd IF Amp. (2)
XX [\ ‘—I >—0

Buffer Amp.

osc
osc 2'nd IF Amp. (2)

Bi-Transistor Bi-Transistor
SM Z-:§ SM
*2SC5084 - *25C5084
*28C5089 Tuning sma
* NEW *28C5087
Butfer Amp.
Preselector and Tuning Bi-Transistor TA4OOQF
Varicap Diode sSMQ
M *25C5087 (BaE::Zngtjtr ut)
1SV186 *25C5092 P
uscC Cell Pack SBU4027D
SBU4827BD
1SV245, 1S8V239 TA4001F TNEw
53342 *NEW
SsC
*18V261, *1SV260

* NEW
@®Under Development
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3.7 RF DISCRETE DEVICES FOR 900 MHz CORDLESS TELEPHONE

RF AMP

MIX

ANT
Y
RX
DUP
X

\

Power Amp.

IF Detector

vCO
r-————~"T"T"TT~T"T77 === B
| Tuning :
I
Prescaler : :
I I
| |
Prescaler 4o "—————— e ——— e —_—— -
VvCO
r-———"~—"~>"""~>"""™""™""™"™"""™"™"7—7"7"— A
! |
L |
J |
\I : '
Buffer Amp. | Buffer Amp. OSC  Tuning !
L .

RF/Buffer/
Power Amp.,
MIX
Bi-Transisitor
Type No. Package
*2SC5084 | *2SC5064 SM
*2SC5085 | *2SC5065 | USM
*2SCHh086 | *2SC5066 | SSM
*2SC5087 — SMQ
*2SC5088 — usa
HN3CO6F — SM6
* NEW
oscC
Bi-Transistor
Type No. Package
*2SC5106 | *2SC5109 SM
*2SC5107 | *2SC5110| USM
*2SC5108 | *2SC5111| SSM

Buffer Amp

Varicap Diode

Type No. Package
1SVv229 usc
*18V270 usc
*1SV257 SSsC
*18V276 uscC

39

Cell Pack Cell Pack
Type No. ! Package Type No. Package
TA4002F SMQ TA4100F SMé
TA4003F SMV *TA4101F SM8
TA4004F SMV *NEW



3.8 RF DISCRETE DEVICES FOR CELLULAR RADIO

ANT
IF Amp.
RF Amp. MIX 2SC2714
RX
l/ - |F Detector
Prescaler VCO(1) 900MHz
A o |
Buffer Amp. :Buffer Amp. OSC(1) Tuning :
| |
— DUP + @—‘i |
1 \I |
I 1
L e e a
Buffer Amp.
VCO(2) 100MHz
________________ 3
I
—~ |
] b— ~_ |
TX ~~ |
Power Amp. BPF  Buffer Amp. MIX | Buffer Amp. 0SC(2) Tuning :
e e e ——— A
Device Transistor, FET, Diode
Package Cell Pack
M usMm SsM sma usa usc ssc
Stage
#2SC5064 | *25C5065 | * 2SC5066 — — TA4001F
RF Amp. | *2SC5084 | *2SC5085 | *2SC5086 | * 2SC5087 | *25C5088 . . TA4003F
Buffer Amp. | *2SC5089 | *2SC5090 | *2SC5091 | *2SC5092 | *2SC5093 (Buffer Amp.)
#2SC5094 | *2SC5095 | *2SC5096 | *2SC5097 | *2SC5098 utier Amp.
#2SC5064 | *2SC5065 | *2SC5066 — —
MIX *2SC5084 | *2SCH085 | * 25C5086 | *2SC5087 | *2SC5088 _ - TA4100F
3SK240 | 3SK274 (SBM)
(GaAs) (GaAs)
#25C5064 | *2SC5065 | * 2SC5066
o0sc *2SC5084 | *2SCH085 | * 2SC5086 . . - . .
*2SC5106 | *2SC5107 | #2SC5108
*2SC5109 | *2SC5110 | *2SC5111
— — — — — 15V229 | *1SVv257 —
Tuning — — — — — *1SV270 | *1SV273 —
— — — — — *1SV276 — —
* NEW
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4.2.2 ELECTRONIC FM TUNER

RF TP
:zg’:]__zf’ 3SK126 Y
Nt — 1—y ) L 1SV225 98 3
st ¥ R S EER
750 8 g 3_[- ¢l lu 8 £, 22
SErEm 7 P e
; 1 s] paEs
- £ 2 5 K
3 L5 200 13 1200 g 3
S J, (=] P S) é S
V1 0= Y ~
T R I;{I. E ”r
TS o w G
] 2 ¢ &7 g veo veo
3 BAFFER out
— 25K
18V225 spp  |u 302 11005
! 2 3 @‘r 'S
Radio frequency f=76~90MHz wid ol J;i
. a 3 r.
Tuning voltage V1=3~25V I Y S[ &7 2{ ]
Gain 32dB ~ ¢
Image ratio 62dB
S/N ratio 74dB

4.2.3 ELECTRONIC AM TUNER (Hi-Fi)

28C2715 25C2715 25C2715
T

DET. OUT

> o
3 150K

Io‘ly

Vr 2~-25V

Radio frequency f=535~1605kHz

Tuning voltage V1=2~25V
Maximum sensitivity 33dBu
S/N ratio 48dB
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5. PACKAGE FORMS
5.1 PACKAGE FORM SELECTION TABLE

5.1.1 SUPER-MINI DEVICES (S-MINI (SC-59), SMQ (SC-61), SMV, SMG6)

Unit: mm
PACKAGING | SPECIFI- PACKAGE PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
TES5L
"Taping Pack | rggsg 13’{(;2? pes/
TE8SN
(Avail-
able only
in SM6
package)
*Magazine Hori- —_ 50 pcs(
zontal Magazine
*: SMV and SM6 are not available in magazine packages.
5.1.2 ULTRA-SUPER-MINI DEVICES (USM (SC-70), SSM)
SMALL SUPER-MINI DEVICES Unit: mm
PACKAGING | SPECIFI- PACKAGE PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
4
fi i $ 4 }
TESSL 8| Jrmrmrmas
[ Q,QJLCJ'QJ |
. 3000 pcs/
Taping Pack
4 Reel
TESSR 2]
8 AL T fian 2 2]
ZL IRLEE Z
Y -

44



5.1.3 SUPER-MINI COAXIAL DIODE (SMC)
ULTRA-SUPER-MINI COAXIAL DIODE (USC)

Unit: mm
PACKAGING | SPECIFI- PACKAGE par| PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
2400~3000
TPH2 pos/Reel
3000
TPH3 pes/Reel
2400~3000
TPH4
Taping Pack gz;/se:(lm
TPHR2 pes/Reel
3000
TPHR3 pes/Reel
2400~3000
TPHR4 pes/Reel
5.1.4 SMALL SUPER-MINI COAXIAL DIODE (SSC) Unit: mm
PACKAGING | SPECIFI- PACKAGE pAIR| PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
2400~3000
TPH2 af— = Cathode O | pestReet
, o olélo] o0
Taplng TPH3 )E_‘__Ei__ﬁ__ii___?:_m/ x pCS/Reel
BT LT 2400~3000
TPH4 : O | pesfRecl
5.1.5 SUPER-MINI VARIABLE CAPACITANCE DIODE Unit: mm
PACKAGING | SPECIFI- PACKAGE parg| PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
TPH2 O
TPH3 4 X | Reel
® o &
TPH4 F@ L'.:J [;j Q : j O
\ il .
TPH6 T O| S’
TPH7 O mw
Taping Pack -
TPHR2 O
TPHR3 X | ke
TE 1, :
TPHR4 I:f ase { O
TPHR6 O ;‘?Sﬁe‘i?"
3000
TPHR7 O pes/Reel




5.1.6 FLAT MINI 8-LEAD TYPE (FM8) Unit: mm
PACKAGING | SPECIFI- PACKAGE PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
1000 pcs/
) Reel
Taping Pack TE12L
5.1.7 MINI TYPE (MINI) Unit; mm
PACKAGING [SPECIFI- PACKAGE PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
ARAR
5000pcs
AMMO PACK| TPE4 zm ﬁﬂ] Pﬂ }H Fﬂ 1 Carton
1L
12.7
5.1.8 MOULD MICRO-X TYPE (MMX) Unit: mm
PACKAGING |SPECIFI- PACKAGE PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT
L4
b 0 o] 1000pcs
Taping TE12L B = Reel
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5.1.9 POWER MINI TYPE (PW-MINI) Unit: mm
PACKAGING |SPECIFI- PACKAGE PACKAGE
FORM CATION OUTLINE EXTERIOR UNIT

TE12L
. 1000pcs
Taping l(l)gfl
TEI2R
178.2 ,
|
Magazine — ° ﬁﬁﬂ Magazine
7
5.1.10 TO-92/MINI
PACKAGING |SPECIFI- PACKAGE
FORM | CATION PACKAGE EXTERIOR INET
AMMOPACK| TPE2 TO-92 (2-5F) 3000pcs
AMMO PACK| TPE4 MINI (2-4E) 5000pcs
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5.2 LEAD FORMING TYPES
5.2.1 TO-92 MINI PACKAGE FORMING DIMENSION

(Unit: mm)
OUTLINE OUTLINE OUTLINE
No.2-5F106 No.2-5F108 No.2-4E101
5.1IMAX. 5.1MAX. ) 4.2MAX.
) w .
i
i S < —— 37
! Soe = . N. ’__]
<+ o i 1 22} | |
Q ¥ X - (E < T j
Ry o * —t L—H <«
B Q NE —t 0.4 I °© N}: ©
0 < I < o
< I A —_—T
R A 0.65 .I_ 08
25405 25105 A
> 2.5 2.5 2
d i I 1= =
NBE : E
< o~

Fig. (a) TO-92 PACKAGE FORMING DIMENSION Fig. (b) MINI PACKAGE FORMING

DIMENSION

5.2.2 SMC FORMING DIMENSION

LB101 (Unit: mm)
3.840.3
2.8+02 priguit
g7
O] 7e| e

©0
o
_I 0.5+0.25 0.5%+0.25

0.05+0.05
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5.3 TAPING DIMENSIONS

5.3.1 SUPER-MINI TYPE TAPING DIMENSIONS (3-LEAD TYPE)
A taping specification of 3-lead Super-Mini Transistor FET/Diode. The diagram below shows the TE§SR
method.

NEW TAPING DIMENSIONS OF SUPER-MINI TYPE Example: TES85R

% 151t005 4010. 0.25+0.05

\/
o}
55302
801072

{075
15401

305+0.1
335%0. .
Unit : mm

Device direction
L : TES85L
R : TE85R

© ®

49



Unit : mm

031005

SMQ
40%o0.

5.3.2 SUPER-MINI TAPING (4-LEAD TYPE) ......
2151005

L8 3E
— _ 2
20308
20%GS
I0FSL _.Ouﬂm.m|_l Gle
| 1oFg'e
\ — ——
g - el =t —
— 1--41o
. —— | B
+1 n_ T “ “ 1 % ﬂw
S weg | . o | el
T | b= Loz
diE =
O
< Foz
S
— N wn
0o S 0 ©
rwm.n_ w m D.TL.
i S0
3}
Q
il
(o)
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SMV

5.3.3 SUPER-MINI TAPING (5-LEAD TYPE) ......

L S
_.rx.TL Q
0 [
o]
[}
) 20708
o 20FSS
IoFsL! 'oTGe | sl2
I0FEE
—y
{ /{l\
7 |
.m w ! \Ilmﬂ'_| —ay
Q M N [l M
<+ _".l.._._ :l..“_ y
N :nrlnzh-.“ Ullﬂll._.__ ..nw_ =i
(1 Y 1 2 |&e
(a1 T =] &
‘\ "_1L| ..:J.“_ ¥
__TL_ .._.L_“
\ N Lol
J_“ A
__1.-“ Ti.___
T O g |

9151005

Device Direction
L : TE85L
R : TE85R

EEEESS

m__ ..
.
_n_ n“
1

(TS ._.“

Fe=====n

Lttt

—@

BE
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5.3.4 SUPER-MINI TAPING (6-LEAD TYPE)

2151005

......

4010.

30510.1

SM6

0.31005

B

175101

™

K-——\

35%0.1
80102

]
a1t
N

:A...I:

]

[N
Lo—p=2 :
| 1y
I
|.L_.a||

a ]
4]

3.3x0l

55%0.2

275

r i p
! RS,
! 1
i, . e \
[ TFITTRT F3T [ = dmin =
SRR p AR \
201008
40701

Pin No. 1 is on lower left of the marking,

(Example) : Top View
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Device direction

L : TE85L

R : TE85R

N : TE85N when there is no
direction (Note).

(Note) TE8SN is Taping of the products
organized with same chips and laid

out point symmetry.



5.3.5 POWER-MINI TAPING ...... PW-Mini

4.0+0l
2.0 20

+0.
9159

0.3+0.05

AN LN | B

.5+0.1

) \V
(o] _
o _51+0.2
+ [49+0.2
n f ]
ol @ i EE == .
I
° r—=-4-L ——h P
b ol gl : o
. Ul — < 3
~ H B 0
< l:Lrir_TT_l‘t'l—ll' H )
In I ) .
8 I\:—LP_—_—E::I_-: l%: =7 —== - |
v o
V1
) 1.65+0.1
1.8+0.1

Unit : mm
Transistor direction

— 1T =
| |1 |
I I |
[ | [
L/_ﬁ__J ==
© ®

L : TE12L

R : TEI2R
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5.3.6 SUPER-MINI COAXIAL TAPING ....... SMC

0.31005

axoll
8.0t02

\

Unit : mm

Forward direction : TPH2, TPH3, TPH4
Reverse direction : TPHR2, TPHR3, TPHR4

BH =) o ERY FEEE L P &
O T (1A e S R
I ) Iy I t ,:: Ill, i I :,
I i h Iy i ||| " I i ]
T VA A AU (1 B
/! Y 1 ] -y g
2 EErh '73:-:-_ﬂ Wezat by L

Forward Reverse

direction direction
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5.3.7 ULTRA-SUPER-MINI TAPING ...... USM

g15+3 40t0.

0.2+0.05

117540

_3s5t0l
55402

275

8.0t0.2

LI £0.

Device direction
L : TES85L
R : TE85R

oooo)

ey J pepehptymly —===a31 -
= = TS Ta =1
i :n;__h.__,lu.__....‘n .,

| |I'
i i

llt.. ) ,,__J
Whhr-ro 1, ,x i
== 'u. —7[ CAZED) s

© ®
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Unit : mm



5.3.8 ULTRA-SUPER-MINI COAXIAL TAPING ...... USC

20.8
—“’\ 4010. 0.25+0.05
#15x0.
‘§
\ ‘(D
V) -
— G
w S
e
.
.M

Unit : mm

Forward direction : TPH2, TPH3, TPH4
Reverse direction : TPHR2, TPHR3, TPHR4

- o ot s ~==n [
I = R BT
| | ! i | I =t )
ll [ ! | T 1 1 Iy 1! i
. | ' [ | |
l ] | |- I [ 1
] ! | oyt I | I
i N W 1! 11 [ I
/! roy! mooh H hon I
! (I Iy =l -, Ly il
3] =) F=za ] S 1L
/ /
Forward Reverse

direction direction
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5.3.9 ULTRA-SUPER-MINI TAPING (4 LEAD TYPE) ...... usQ

* Taping dimensions and product direction

=
1.5 ig'l 4.040.1 2 0.25+0.05
A ]
A =
3

N
3 f

[e=]

R w
(\i —l
2.0+0.08 ‘ 1.240.1
T
4.0%0.1 15
2.240.1
Unit : mm
lengindiondigiy Y e Sl SN it | bl leneging [l gty
-E::In n::::—n njln,r
il MN il N[
- :LE-..f"ﬂ o f‘"'*" (L
L : TE8S5L

é é R : TE85R

Package Qty : 3000 pcs/Reel
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5.3.10 SMALL SUPER-MINI TAPING ...... SSM

+ Taping dimensions and product direction

+0.1

+
Qi)1.5__0 4.040.1 0.25%0.05
\ _ |
¥
=
—f
W g
- #
. = ~ 5
p I 3
. Bt |
w)
v J—
0
~
0.5 2.0%+0.08
0.95%0.1
4.010.1 T
1.1

1.8+0.1 Unit : mm

.J:r:?.'-: === :‘.};:1 rr'.".::f‘.-‘-: E?‘;-
i T TESSL
, i
T L
czeed) ﬁ-:*f_-/lj_é.ﬁ S R TESSR

© @

Package Qty : 3000 psc/Reel

58



5.3.11 SMALL SUPER-MINI COAXIAL TAPING...... SSC

0.2£0.05

1.75+£0.1

$1.5%0.1

J

1
]
)

3.5+0.1

8.0£0.2

I
g p——
'
|

2.3+£0.05

0.9%0.1

1.05

Unit: mm

Device direction
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5.3.12 8-LEAD FM FLAT PACK MINI TAPING (8 LEAD TYPE) ...... FMS8
* Taping dimensions and product direction

+0.1

0.8+0.1 ¢1'5—0

4.040.1 4.0%0.1 =

) 2

L NI A
1 N

1 1.6540.1 ! =

— o &

fl w

3 ! =]
- i { = —]
<

L : TE12L

Pin No. 1 is on lower left of the marking.
(Example) : Top view

oo
<
Oon
T

~ge
v
w(
»0

_.”_L:"—%

1.740.1
1.930.1

Unit : mm



MMX

5.3.13 MOULD MICRO-X TAPING......

0.3%0.1

1.5+0.1

Pin No.1

Pin No.1 is on lower left of the marking

(Example) Top View

o o o ol

1o F s
O
2

@© TEI2L

[® TEI2R

LT} w H_H_Jﬂ.//®

Pin No.1
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5.3.14 TO-92/MINI RADIAL TAPING

=]
u

Table 3 Tape Dimensions (Common to Forward & Reverse Directions)

62

Unit in mm
Dimention
Trem Symbol  [1692(SC43)| MINI | TO-92MOD | MSTM Note
Body width Ay 6.0 MAX. 4.5 MAX. 5.1 MAX. 7.1 MAX.
Body height A 9.0 MAX. 3.5 MAX. 8.2 MAX. 4.7 MAX.
Body thickness T 6.0 MAX. 2.6 MAX. 4.1 MAX. 2.7 MAX.
Lead wire diameter d 045°TYP. | 047TYP. 0.679MAX.| 0457TYP.
Lead wire (tape portion) 2, 2.5 MIN. 3.5 MIN. 2.6 MIN.
Pitch of component P 12.741.0 12.740.5
Feed hole pitch Py 12.740.3 12.710.2 1
Hole center to component center P, 6.3510.4
Lead to lead distance F\/F, 2.5%0% 254493
Component alignment (1) Ah 012.0 0+1.0
Tape width w 180753
Hold-down tape width Wo 6.010.3
Hole position W, 9.0/075 [ 9.040.5
Hold-down tape position W 0.5 MAX.
Height of component from tape center H 20 MAX. 2007 | 20 MAX. 1940.5
Lead wire clinch height H, 16.010.5 _
Component height H, 32.25 MAX. 25.0 MAX.
Feed hole diameter Do 4.010.2
Total tape thickness t 0.610.2 2
Length of snipped lead L, 11.0 MAX.
Component alignment (2) AP 0+1.0
Note 1. Accumulated pitch tolerance is £1mm/20 pitch.
2. Board is 0.410.1mm in thickness.
AMMO Pack Packing Form Unit: mm
B q>_\ OUTLINE w H D
W TO-92 (SC-43) 33613 25043 4743
MINI 33613 26013 4713
One row GE* TO-92 MOD 33613 19013 4743
consists of 25pcs SN l b MSTM 33643 23043 4713
L . Shows a first-out electrode of a lead ~ E: Emitter first-out
Remove wire than 4pcs H B: Base first-out



5.4 PRECAUTIONS FOR HYBRID DEVICE
(1) GENERAL CAUTIONS

(1.1) The resin portion of an SMD exterior package
is small in size compared to the equivalent prod-
uct package; and the ratio after a humidity critical
test may be slightly different from that of
conventional packages.

Therefore, for use under high-temperature,
high-humidity conditions the device surface and
surroundings must be coated with resin material.

(1.2) Flux elimination after soldering
When a hybrid device is soldered to a circuit
board, or after pre-flux treatment, the flux should
be removed by cleaning, since any flux remain-
ing on a device may stain the leads. Avoid the
use of inorganic fluxes, because they are difficult
to remove.

(1.3) Handling precaution: lead-forming parts
When a stress is applied to the leads of a
device, especially to the leads of super-mini
transistor among the hybrid application devices,
it may deform the leads since the device is very
compact. Therefore, please be careful for the fol-
lowing..

* When mounting on the PC board, use vacuum
tweezer or a tool equivalent to it. Do not mount
a device by your hands. This prevents contami-
nation on lead-soldering surface (mainly oil),
thus making the soldering easy.

¢ When cleaning the PC board, do not apply a
stress of more than 500g or above onto resin
and lead parts. When an excessive stress is
applied these parts, it may cause lead
disconnection, deforming, and soldering defects.

« Ultrasonic wave cleaning

Avoid ultrasonic wave cleaning. When this
method is necessary for device cleaning, device
should be cleaned in a short period of time in a
small-power ultrasonic wave tub.

(2) Soldering
The most commonly used soldering methods
used for hybrid devices are reflow soldering and
flow (dip) soldering. These methods, their ap-
plication and precautions are described below.

(2.1) Soldering methods

(a) Reflow soldering
Available heating methods include infrared
(halogen lamp) heating, laser heating, hot air

heating, hot plate heating, heating furnace and
pulse heater heating. The heat source is used to
indirectly heat either the entire device or the leads
and thus melt and adhere the solder. Vapor phase
soldering (VPS) in which the soldering is
perfomed in an atmosphere created by heating
and vaporizing a solution with a high boiling
point.

The method most frequently used for reflow
soldering is infrared heating. While there is no
sudden temperature fluctuation (thermal shock
stress) as with the flow soldering method de-
scribed later, the entire device is heated to above
the rated temperature for long time so damage
can accumulate. Also, temperature variations can
easily occur due to the condition of the plastic
resin surface, reflections from leads and pad areas
of the PC board, and differences in absorption
coefficients, so it is extremely difficult to set
uniform prescribed temperature conditions. Lo-
cal temperature increases are also invited due to
absorption by the plastic resin, especially with
near infrared heating. The adhesion of the plastic
resin can also be weakened by temperature
differences between the resin and leads. This also
adversely affects heat and humidity resistance,
so caution must be exercised.

(b) Flow soldering

The solder is melted beforehand in the
atomizing soldering bath or the static soldering
bath. Soldering is then performed by placing the
molten solder, device and pads of the PC board
in contact. Temperature fluctuations and tem-
perature differences within the device itself, which
cannot be avoided with the reflow soldering
method using infrared heating, can be entirely
ignored with this method, and prescribed tem-
perature conditions can be accurately set.
However, molten solder with a large thermal ca-
pacity can cause excessive thermal shock stress
when it comes into direct contact with a device,
which can either weaken the device or cause a
fatal failure.

Temporarily fastening the device to the PC
board beforehand using adhesion is possible but
the flow of solder can cause loosening and the
formation of solder bridges.

(2.2) Mounting precautions

The melting temperature of solder is higher
than the rated temperature of the device and the
entire device is heated to a high temperature;
therefore, failure to complete soldering within a



short-time at a low temperature can adversely
affect the characteristics, heat resistance and hu-
midity resistance and can even tresult in failure.
Consequently, the following items should always
be observed to reduce as much as possible the
thermal stress to which the devices are subjected.

(a) Always preheat, whether using the reflow or flow
method of soldering.

(b) The difference between the preheating and sol-
dering temperature should be 100°C or less.
Soldering a device without preheating can cause
excessive thermal shock stress which can result
in damage.

(c) When preheating and soldering, the temperatures
of the leads and plastic resin surface shall not
exceed the temperature ratings. When infrared
heating is used with the reflow soldering method,
the difference in the temperatures of the resin
and leads shall be AT=10°C or less.

(d) The soldering temperature and time shall be
260°C for 10 sec. or less.

When shifting from preheating to soldering, the
maximurn temperature gradient shall be 5°C/sec.
10 less.

(e) After soldering is completed, the device shall be
allowed to cool naturally for 3 minutes or more.
Forced cooling will increase the temperature
gradient and result in latent mechanical stress;
therefore, use gradual cooling.

(f) Do not apply mechanical stress or shock during
natural cooling.
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(2.3) Recommended temperature profiles for

mounting using reflow soldering and flow sol-
dering. (Notel)

(Nore 1): Absolutely avoid mounting the

items such as the power mini.

260 [----moomooomeoem oo and power mold type by the re-
flowing soldering method.

250

© 230

[

1]

=]

o

[

M

a

& 150 |-

[

e}

o

bl ey

@ 125

1

F—More than—1_——More than—Time
2 min. less than i

3 min.
10 sec.

(Notel) Do not use the flow soldering method for
power-mini, power-mold, NPM and TO-220
SM types.

(2.4) Others
‘When using the VPS (vapor phase soldering)
method of reflow soldering for mounting, please
be careful for the following.

(a) Always preheat. Temperature and time are in
accordance with the recommended profile for
mounting using reflow soldering.

(b) The temperature of the vapor varies depending
on the solution used. Solder in a 215£3°C at-
mosphere for 30 sec. or less, or in a +5°C atmos-
phere for 15 sec. or less.

(c) Use natural cooling after soldering in the vapor
atmosphere. Do not use forced cooling.

(3) Circuit board cleaning
After soldering, use a flux solvent to clean
the circuit board, using caution concerning the
following items.

(3.1) Handling
Solvents with a high cleaning effect also affect
the marking ink and plastic resin; therefore, do
not rub indicator marks with hands or brush while
cleaning or while a device is in the cleaning
solution since this can cause the marks to become
faint or be erased.



(3.2) Cleaning

The available cleaning methods include im-
mersion cleaning and shower cleaning with which
the entire circuit board is immersed in the sol-
vent (agitation is used in some cases), vapor
cleaning with which a solvent is heated to create
vapor, and ultrasonic wave cleaning with which
ultrasonic vibrations are applied while the circuit
board is immersed in the solvent.

Multiple bath automatic cleaning devices
which combine several of these cleaning methods
are also in general use. The following precautions
apply to these cleaning methods.

(a) Immersion cleaning, shower cleaning, vapor
cleaning
Immersion, shower and steam cleaning depend
on the chemical action of a solution and affect
devices little as long as no mistake is made in
selecting the solution. These methods are suit-
able for cleaning semiconductor products and are
recommended. However, immersion time in the
solution or vapor should be no longer than 1
minute at a temperature of 50°C or less.

(b) Ultrasonic wave cleaning

In ultrasonic wave cleaning, the device is im-
mersed in a solvent and mechanical vibration or
shock is applied. This method is widely used
because thorough cleaning is possible within a
short time. However, while thorough cleaning can
be expected, the device is affected considerably
and prolonged ultrasonic wave cleaning can af-
fect the bond between the plastic resin and metal
leads. This makes it easier for the solvent to enter
the device; therefore, the cleaning time should be
as short as possible.

Ultrasonic cleaning should not be used for her-
metic sealed devices with metal and ceramic
packages. Resonance may or may not occur, de-
pending on how the device is mounted on the
circuit board, the cleaning bath size, ultrasonic
frequency and ultrasonic output, etc.; however,
due to their construction, such packages are
subjected to considerable shock which can shorten
the service life extremely or even cause fetal
failure.

(c) Recommended cleaning conditions
Immersion cleaning:
Solvent temperature 50°C or less for 1
minute or less
Vapor cleaning:

65

Vapor atmosphere for 1 minute or less
Ultrasonic cleaning:

Frequency: 27 to 29 kHz

Ultrasonic wave output: 0.25 W/cm? or

less

(See note)
Solvent temperature: normal (room
temperature)

Cleaning time:

PCBs and devices should be floating or sus-
pended in the solvent to prevent direct contact
with the ultrasonic vibrator.

30 sec. or less

(Note) Indicates the ultrasonic wave output per unit
surface area of the bottom of the ultrasonic
wave cleaning bath.

(4) Storage ‘

(a) The temperature and humidity of the storage place
should be normal (5°C to 35°C, 45% to 75%
RH)

(b)Do not store in places where there is hamful
(corrosive, etc.) gas or excessive dust.

(c) Avoid places where there are sudden tempera-
ture fluctuations since this causes condensation
which can rust the leads and adversely affect the
soldering.

(d) Use storage cases treated to prevent static elec-
tricity and do not apply loads on the devices.

(e) Do not store after processing the leads, etc.

(f) Do not stack the packing cases upside down or
on their sides.

(5) Transport

(a) Handle carefully (do not throw or drop).

(b) Do not allow rubbing or chafing between plastic
package devices and high molecular compounds.

(c) Deep water away (use special care when raining
or snowing).

(d) During transport, use boxes treated to prevent
static electricity.

(e) Avoid mechanical vibration and shock.

(6) Overcoating (secondary mold)
Please observe the precautions given below
when using overcoating on the following package
devices from the SMD lineup.

(a) The power-mini/power-mold types
The power-mini/power-mold typesare large and
have a construction that can withstand the stress
generated by hardening of the plastic resin of the
overcoat. When overcoating is used, the quality
and hardening conditions of the plastic resin
should be carefully investigated before starting



mass production. The quality and hardening con-
ditions of the plastic resin differ depending on
the manufacturer, therefore, it is necessary to
consult various manufacturers and select an ap-
propriate plastic resin.

(7) Others

(a) All floors, work benches, conveyers, floor mats,
etc., must be well grounded to prevent the accu-
mulation of static electricity. Use special caution
concerning the grounding of work benches with
which devices come into direct contact and con-
ductive floor mats.

(b) Always ground all measuring instruments, jigs,
etc.

(c) All workers must wear clothing treated to pre-
vent static electricity and conductive shoes, and
ground their bodies using ground rings or ground
bands. (Ground rings and bands are grounded
through a resistance of 0.5 to 1 MQ to protect the
person.)

(d) Use only containers treated to prevent static
electricity.

(e) Handle carefully.

(8) Cautions about power dissipation (Constant
state)

Transistor by itself differ from board-mounted
transistor in power dissipation. Changes in power
dissipation for representative package types are
described below.

Each representative package type and the
power dissipation change is explained below. For
details, please refer to the pamphlet ‘Hybrid De-
vices’.

(8.1) Super-mini transistors

Allowable power dissipation of a super-mini
transistor is 100 to 150mW as a single unit.
However, when mounted on a ceramic board, the
value increases depending on board size. This is
shown in Figure 5.4.1 (transistors used: 2SA1162/.
28C2712).

(8.2) Power-mini transistors

Since power-mini transistors are of compact
size, Pemax is only 500 mW; however, when they
are mounted on a circuit board, thermal diffusion
from a drain fin to the board will be high. The
drain power dissipation will then range from 1.0W
to 2.0W, and a circuit design capability equiva-
lent to that of TO-92MOD (800 ~ 900 mW) TO-
126 (1.0~1.2W) is possible. Figure 5.2 shows the
drain power dissipation for a typical case of
circuit-board mounting of 28C2873, 25A1213.
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Fig. 5.1 Pc(max) when alumina & ceramic boards
mounted
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mounted.
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(8.3) Power-mold transistors

Power dissipation Pc (W)

For straight-type transistors, the power dissi-
pation (Pc) = 1W. However, LB-type transistors
with the drain-fin, the installed power dissipation
increases significantly. When a power-mold
transistor is soldered to an alumina-ceramic board,
Pc (1) (1000 mm?) = 2W, Pc (2) (2500 mm?) =
3W. Figure 5.3 shows the relationship of drain
power dissipation Pc and ambient temperature Ta
for the transistor 2SC3074, 2SA1244.

17 [T T ITransistor Ipc,
STTT ~imounted on ceramic
board, Ta=25°C
5 i
3 b
P in N : B I
I I ,4,:. .\‘ RN .
CTT TS ™ 1
HRREN us LR L
Without PC board - j% - ] T T
1 ] 11T N
=
[ L1 1] BN i 7
—— N
0 [ 1 — |
0 20 40 60 80 100 120 140 160

Ambient temperature Ta (°C)

Fig. 5.3 Power dissipation Pc and ambient

®

temperature Ta when mounted alumina
and ceramic boards (2SC3074, 2SA1244).

Cautions for power dissipation (transient
state)

For designing strobe and motor drive circuits
in cases other than Pc in saturated condition,
power dissipation that can be applied in a very
short time is needed. Toshiba supplies several
types of power-mini transistors and power-mold
transistors that meet such conditions. Figure 5.4
shows the relationship of Pc and pulse width in
transient state for representative package types.

(9.1) Power-mini transistors

Allowable dissipation PC (W)

T Single pulse Ta=25°C
T

S I
T T
40 x 50 x 0.8mmt ceramic
\ PC board mountable
N 1 -
\ 20% 30%08
; “ 15%15%0.8
Pc max is a value in the
thermal resistance limited range: .
! Without ceramic
o PC board
! 20arc |
3 om 100m 1 1 1000

Pulse width

Fig. 5.4 Power dissipation in transient state.

(25C3074, 25A1244).
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(9.2) Power-mold transistors

For power-mold transistors, power dissipation
in transient state can be taken at much greater
values than in saturated state. This is shown in
Figure 5.5

Note in Fig. 5.5 that:

» The display curve is a single pulse.

« The drain Pc value is within the thermal resist-
ance limitation range.

300

I
T Single pulse
g 100 L Ta=25°C
E 30 ~N N
3] N
z 10 H ti= Ceramic PC board
g
H

£ S
B ML Without
5 !==Pc max indicates a value within £
4 = : o PC board
2 the thermal resistance limit range.
B I i 111l

oal LU L1

10m 100m 10 100 1000

Pulse width (sec)

Fig. 5.5 Power dissipation and Pulse width

(2SC3074, 2SA1244).

(10) Minimum pad dimensions

Power dissipation is greatly affected by the
size of collector-connection pad area; the largest
possible size pad should be used if effective heat
radiation is a major consideration.




Figure. 5.6 Pad Dimensions when Mounted on a Board Reference Pad
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(7) SUPER-MINI (6 LEAD) (SM6)
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5.5 MOUNTING PRECAUTION

(1) LEAD CUTTING AND FORMING

Leads are often cut or formed in preparation for
circuitboard mounting. Such pre-processing, how-
ever, can result in the exertion of excessive stress
on the device interior, leading to serious mechanical
damage or decrease in reliability. When stress is ap-
plied to points between the lead and the semicon-
ductor itself, breaking interior wiring, bonding, or
case seals. Please take the following precautions to
make sure that any stress applied during these pro-
cedures are limited only to the leads.

Proper care is needed for forming leads on mass
production line automatic lead forming machines or
automatic mounting machines. For example, when a
machine bends a lead as in Figures 5.7 and 5.8, the
lead must be clamped securely at point between the
package body and the bending point, ensuring that
no mechanical stress is transmitted to the device
package itself. Furthermore, as demonstrated in
Figure 5.9, no problem should arise as long as the
leads are bent at the correct angles, and directions
(i.e., bend only in the vertical direction; never side-
ways).

Note, however, that copper leads are used in some
models. Copper leads are more vulnerable to the
application of repeated bending stress. The total
bending angle for copper leads must thus not exceed

Main body Lead

#—4\&/.[“ ——

Smm or above

Figure 5.7 How to Bend a Lead

Device

&

Gap

A distance of a gap must be maintained
so that the main body does not touch
the lead holder even when pulled by
metal mold.

Figure 5.8 How to Bend a Lead Using a Metal
Mold

180 degrees.

The precautions explained here are primarily those
concerning bending angle stress. Precautions are
necessary as well in regards to the application of
linear pulling and pushing stresses, as shown also in
Figure 5.9.

Also, besides angular bending as shown in the
examples here, leads can also be formed in curved
bending. The appropriate curve radius is determined
from the lead dimensions (for example, a 0.5mm
radius curve). Such carefully designed curved bend-
ing are preferable as they do not leave tool scars on
the finished leads.

(2) PCB Mounting

When soldering the device onto a printed
circuitboard, make sure there is no stress remaining
on the mounted leads. Stress will remain on the leads
when the leads are force bent to fit unmatching PCB
dimensions, when there is space open between the
device and the PCB surfaces (see Figure 5,10), when
the device is force mounted onto the PCB without
sufficient lead forming, or when there is excess tool
stress remaining after installation. Any stress re-
maining on the leads can cause stress corrosions or
whiskering, which can eventually result in problems
such as line breakages and short-circuiting. To pre-
vent such problems, circuits should ideally be de-
signed to properly match device lead layouts.

(5] [
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Figure 5.9 How to Bend a Lead Wire
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Figure 5.10 Mounting Example
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(II] EXPLANATION OF HIGH-FREQUENCY CHARACTERISTICS
1. HIGH-FREQUENCY TRANSISTOR PARAMETER

Equivalent parameters of a transistor in-
clude the device parameters which closely re-
spond to the internal operating mechanism of
a transistor and the circuit parameters which
are indicated as a matrix obtained from
regarding a transistor as a terminal circuit
network.

These parameters are also divided into
small-signal equivalent circuits (analog cir-
cuits) and large-signal equivalent circuits
(digital circuits), in accordance with the

Table 1.1 List of transistor equivalent circuits

{ Small-signal
equivalent circuits ¢
(general linear
circuits such as
amplification,
oscillation,
modulation, and
demodulation)

Transistor equivalent |
circuits

Ie

1.1 Device parameter

(1) Early’s T-type equivalent circuit

(Bipolar transistor)

Figure 1.1 shows Early’s T-type equivalent
circuit.
re: Emitter resistance,
This is represented by the following
equation, since it is forward-biased resis-
tance with emitter-to-base junction:

[ Device parameters

U Circuits parameters

Large-signal equivalént circuit —device
parameter (nonlinear circuit such as
pulse, digital, and switching circuits)

extent of signals (amplitude) to be handled.

Equivalent circuits have been developed
very much. It is necessary for circuit de-
signers to select an optimal one by paying at-
tention to the application ranges and operating
limits of respective equivalent circuits. Table
1.1 lists equivalent circuits presently em-

ployed.

Among others, small-signal eqivalent circuits
are hereafter described, since they are gener-

ally used.

[ Early’s T-type equivalent circuits
(common base circuit)

Giacoletto’s 7-type equivalent circuit
(emitter and collector common circuit)

[ Matrices showing the relation among
the input and the output by voltage
and current

a,b matrices;

g,h matrices (low frequency);

¥,z matrices (high frequency)

Matrix showing the relation among
the input and the output by power
s matrices
(superhigh frequency)
(transmittance coefficient,
reflection coefficient indication)

Current control model by Evers-Moll;
Charge control model by Beaufoy-Sparkes;
Density control model by Linvill;

other nonlinear models

Fig. 1.1 Early’s T-type equivalent circuit
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where,
k: Boltzman’s constant
(1.38X10723J/°K)
T: Absolute temperature (°K)
q: Electric charge of electron
(1.60 X 10-1°C)

Ig: Emitter current (A)

Equation (1) is changed as follows at
normal temperature (300°K) if the emitter
current is represented by mA:

26
To(mA) () (2)
Ce: Emitter capacitance (Cre+Cpe)

This is represented as a sum of the de-
pletion layer capacitance and the diffusion
capacitance. Normally since the depletion
layer capacitance in an emitter-to-base
junction is far smaller than the diffusion
capacitance, it can be ignored.

The depletion layer capacitance Cre
and the diffusion capacitance Cpe are rep-
resented as—

.

re +

Legnn
Cro=A, 2fan AN
where,

Ae: Emitter junction area (m?)

e:  permittivity

nN: Majority carrier density (m=™3) on
high specific resistance side (NPN in
this case)
Contact potential difference (potential
fault when balanced) (V)
Vi'e : Potential applied to both ends of base

to emitter junetion (1)

qlgW2
De = =—
2kTD

$0—Vpe

¢0:

where,
W: Base width (m)
D: Diffusion coefficient of minority car-
rier in base area (m2/sec)
m: Voltage feedback ratio (Early constant)
This constant, known as the Early
effect, is a base width modulation
parameter,
kTde
3qW (89— Vyp'e )

where,
de:  Width of collector depletion layer (m)
re: Collector resistance
This is a kind of base width modulation
parameter, represented as follows:
1
da
0Vy'e

e =

Ig( )
The value of r. is usually 1— 2 M or
so.
C.: Collector capacitance
Similarly to emitter capacitance, this is
shown as the sum of depletion layer
capacitance and diffusion capacitance of
the collector-to-base junction. However,
since the diffusion capacitance of the
collector-to-base junction is far smaller
than the depletion layer capacitance, it
can be ignored. The depletion layer
capacitance is represented as

3/ €2qa
Crc = Ac /—5— (P)
B0—Vy'e
where,

Ac: Collector junction area (m?)
a: Impurity concentration gradient (m=*)
Vb~ : Potential applied to both ends of base
to collector junetion (V)
Usually the value of Ce is 1—10pF.
a: DC forward current transfer ratio

This is the only parameter among
Early’s T-type parameters that depends on
frequency, represented by the equation

.. B 1
1+jwCere ¢ 27Cere
therefore,
Qg
A o e i tieeeeaneeeaa (8)
1+ »
where,

Value of a at low frequency

fa: oa-interrupting frequency (frequency
at which « is reduced by 3db less than
a,)
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Fig. 1.2 shows the frequency locus of «. When
actually measuring «, the difference between
theoretical and measured values is increased
as the frequency approaches fa. This is be-
cause Early’s equivalent circuit is based on
the primary approximation of physical phe-
nomena.

To correct it, Thomas-Moll introduced
excess phase m and offered the equation

a = 7 exp(._jm_fLa) .......... (9)
1+ j —
fq
Re(a)
0.5 10«
T T
T [« 2]
Pl
m | 1+JT
|
[
—jos L )
N '
|
' o= Of exp( jmTfE)
1+j—
Im(a) fa

fa

Fig. 1.2 Frequency locus of «

The above equation agrees well with mea-
sured values in frequencies less than fa.
roy - Base diffusion resistance
This is resistance from the center of
base area to the external base terminal
which actually contributes to transistor
action and- is determined according to
shape and dimensions of the transistor
and base specific resistance.

98
L ey 10)
b 8 T W «) (10)
where,
qp: Specific resistance of base area (Q-m)

DC Current gain (8) at common
emitter is represented as follows:
a, 1
1—ag 1+ joCplrype
_ Ao
o+ joCyple rpe

g =
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The B-interrupting frequency fs is
defined as the frequency at which the
absolute value of B becomes Bo//2,
similarly to fa, fgis represented as—

fp =
7 27 Che tve
therefore,
V4
g = O 1)
1+ j—
J t7

(2) Giacoletto’s m-type equivalent circuit
(bipolar transistor)

Fig. 1.3 shows the n-type equivalent circuit.
This equivalent circuit is in itself the same as
Early’s T-type equivalent circuit mentioned
above. The only difference from Early’s
T-type eqivalent circuit is that each parame-
ter has—in principle— no frequency response.

Since the physical meaning of each parame-
ter is easy to understand, this circuit is
popularly employed. When actually employed
for circuit calculation, it will prove convenient
if the basic style shown in Fig. 1.3 is slightly
simplified by considering frequency range.

Tb'e

b ryy b [
o—wWV A °
Ch'e
S :L C d
Toe 2 [ Coe | Tee

gmvb’e

o i

e e

Fig. 1.3 m-type equivalent circuit

Paramaters of the T-type equivalent circuit
and those of the m-type have the correlation
shown in Table 1.2.



Table 1.2 Relationship between paramaters of
T-type and 7-type equivalent circuits

m-type equivalent T-type equivalent
circuit paramaters circuit paramaters
/.
Chle Ce
pe' _Te
1—a,
Cye Ce
1/ 1 u(1—ay)
r b [ r ¢ r e
Tee Te
u
#m )
Te
r bb’ r bb'

(3) Types and structures of FETs

FETs can be classified into the following
two types according to the gate:

FET { Junction FET (junction gate)
MOS FET (insulated gate)

Fig. 1.4 shows the structures of both types.

A junction FET is one whose gate-to-chan-
nel portion is composed of a PN junction; an
FET whose gate-to-channel portion is com-
posed of Metal, Oxide, and a Semiconductor
is termed a MOS FET. FETs are also classified
into P-channel and N-channel types according
to the type (P or N) of the semiconductor
layer through which drain current flows.

The structural drawings shown in Fig. 1.4
are all N-channel type.

Both junction and MOS types have their
merits and disadvangtages. Since a MOS FET
is insulated through the-gate from its own
structural features, it is much more easily
broken by static electricity. Unless suitable
protective measures are taken, extreme care
must be exercised when handling a MOS FET.
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Source Gate Drain

Si0z2 < Electrode

é Substrate gate
Channel

Drain
(D)

o Substrate gate

Gate (Sub)

(G)
Source

(S)
* Substrate gate is usually connected to the source.

(a) Junction FET

Source Gate  Drain

SiO,. l | | ;Eleclrode
N 2 T
N* N*
P-
Channel $ Substrate gate

Drain
(D)

Substrate gate

Gate (Sub)

(G) Source

(S)
* Substrate gate is usually connected to the source.

(b) MOS FET

Fig. 1.4  Structure and symbols for FET



However, almost all MOS FETs incorporate
a protective diode at the gate to prevent such
breakage, and it is very rare that they are
broken when handled in a normal manner.

On the contrary, junction FETs are not
damaged if they are handled normally, thus
permitting them to be handled in the same
manner as bipolar transistors without produc-
ing inconvenience.

Almost all MOS FETs are used for high-fre-
quency circuits and chopper circuits. This is
because, compared with the junction type, the
MOS type is superior in cross modulation and
inter modulation characteristics, and that
when used in a chopper circuit, there is less
spike and switching speed is higher.

When using FETs for a high-frequency cir-
cuit, it is necessary to reduce the internal feed-
back capacitance as low as possible so that sta-

Drain
G (D)
' @,

Source Gate
(S)

GIIIITIIIIOND, 4.

V84 sI/8

Gate o———|f
(G)

ble gain is obtainable. Once FETs were
employed by adopting a cascode connection
for this purpose.

In recent years, this problem was solved
by producing a cascode FET which two FETs
are cascode-connected in the interior as well
as dual-gate MOS FETs.

Fig. 1.5 illustrates the structure and a

drawing of an equivalent connection of a
cascode FET.
A cascode FET has two junction gates — the
one near the drain connected to the substar-
ate gate; thereby two FETs — namely a com-
mon source FET and a common gate FET —
are produced.

This structure causes feedback from the
drain to be grounded as alternate current,
producing an FET with small reverse
transfer capacitance.

Drain
(D)

Source
(S)

Fig. 1.5 Structure and equivalent connection drawing of cascode FET

Source Gatel Gate2 Drain

(s) (Gn) (Gz) (D)
% 1’1’7’
Nt Nt ]‘ l N"I Gate |
Channel 1 Channel 2 (G1)
-
]

Drain
(D)

Source Gate2
(S) (Gz2)

Fig. 1.6 Structure and equivalent connection drawing of dual-gate MOS FET

Fig. 1.6 shows the structure and equivalent
connection drawing of a dual-gate MOS FET.
As far as the operating principle is concerned,
this FET is identical with a cascode FET. In
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the dual-gate MOS FET, gete 2 is lead out to
be grounded for AC and to be supplied with
positive bias voltage for DC, when the FET is
used for an high-frequency amplifier circuit.



It is possible to use gate 2 as an injection ter- and dual-gate MOS FET are shown in Fig.

minal when using for mixing circuit. 1.7. In addition to above, a power FET and a
The symbols used for junction cascode FET gg;%s FET are avilable as other versions of
S.
Drain Drain Drain
(D) (D) (D)
Gate Gate

(G) C:> (G)

=

O Source Source Source
(S) (S) (S)
(a) Junction cascode FET (b) Dual-gate MOS FET

Fig. 1.7 Symbols used for junction cascode FET and dual-gate MOS FET

(4) FET equivalent circuit must be considered fully.
Similarly to bipolar transistors, FET can be For FET to be used in chopper circuits, it is
indicated by using an equivalent circuit. Fig. necessary to keep the difference between Cpg
1.8 is a schematic diagram of the equivalent and Cgs small to prevent spikes.

circuit by relating to its structure.
This equivalent circuit shows the charac-

Gate (G) teristic of an FET very well, because it is
T related to the structure of an FET and it is
o] Cep shown by using basic parameters not depend-

(/\ Csly TN ing on frequency.
“‘1‘% ¥ o . As shown in the simplified equivalent cir-
Source & | 7T +o ame, B0 | Drain (D) cuit, for example, it is understood that DC
{?‘\ Rps input resistance (which is infinity) can be
N - - practically ignored and that Cp (internal
\"_/ feedback capacitance) is an unstable factor at

Cos high frequency.
Fig. 1.8 Equivalent circuit in relation to At low frequency, it is possible to ignore
structure lof an FET capacitance; input resistance is infinity, while
output resistance=Rpg. This is almost the
This diagram is rewritten into an equivalent equivalent circuit of a vacuum tube.

circuit in Fig . 1.9(a), and further rewritten
into a practical, simplified equivalent circuit

in Fig. 1.9(b). L Roz
Ccp, Cas and Cps shown here are parasitic Ceny 1 e Coel
capacitances. Since their values are relatively b D < Dse.2
small, it is possible to ignore them unless this ? Tosl s
circuit is used in VHF regions. & E.R ;:CGs= Rs l
However, when using transistors whose L )
capacitances between electrodes are large,
such as a power FET and a high-gm FET in () Equivalent circuit

low-frequency regions, these capacitances

76



gme,;

1
e dD Ros 3

L a

(b) Simplified equivalent circuit

:

€2

Fig. 1.9 Equivalent circuit

1.2 Circuit parameters

This is a method used to describe a transis-
tor by regarding it as a four-terminal circuit
network and by using the electrical charac-
teristics of terminals irrespective of the physi-
cal characteristics of the transistor.

(1) Matrices showing the relation among the
input and the output by voltage and
current.

Those matrices have the six types shown in
Tablel.X(a, b, g, h, y, and z matrices). Among
others, both“h”and“y matrices are used com-
paratively often.

Figs. 1.10 and 1.11 show the definitions of
“h” and “y” matrices. Classification between
the common emitter and the common base
in shown by using suffixes e or b after i, 1, f,
or o.

i

12
- hpyiy ==
o—1hn hy—o
hyy
vy VzT Vlf € hzz T"z
hjav
hay hyaf—o0

o—oI|
Vi (B haz ) [in) _(hi b (i
iz h2y haz | |v2 hf hy || v2

Fig. 1.10 Circuit network by using “h” matrix
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Fig. 1.11 Circuit network by using “y” matrix

The physical meanings of each parameter in
Figs. 1.10 and 1.11 are as follows:

h;: input impedance

h:: voltage feedback ratio

ht: current gain

h,: output admittance

yi: input admittance

yr: reverse transfer admittance
y¢: forward transfer admittance
Vo: output admittance

The h matrix are often used for the low-
frequency regions, and y matrix for the high-
frequency regions.

(2) Matrix showing the relation among the
input and the output by power

Such phenomena as the reflection and trans-
fer of waves in microwave circuits (such as
waveguides and cavity resonators) are usually
indicated by a “s” matrix (scattering matrix).

As the frequency limits for semiconductor
products expand, the “s” matrix is occasionally
used as a circuit paramater.

The definition of the “s” matrix is shown in
Fig. 1.12; the physical meanings of each
parameter are as follows:

s11 : input reflection coefficient
S12 : reverse transfer coefficient



Table 1.3

Conversion of parameters

i ) Ol
(14s0) (1+si) —srss
l — & (l_Si) (1+So)‘+5r$l
hi hr y' yi 25r
[(H) (1—si) (1+s0) +sest
—2s1
hr he Y YiYo— yryr (1=si) (1+s0) +srst
Vi yi (1—si) (1—s0) —srst
(1—si) (1+8S0) +srst
(1+Sn) (I—Si) +srSi
i — b_r ) (1 +Si) (1+So) —SrSf
h hi v yr —2s,
(1+si) (1+sa) —srsi
Y] h - — 2s¢
f iflo— NrNf _
I~ e yi Yo (1+si) (1+50) —srss

(1+Si) (l—So) +SrS¢
(1+si) (1+s0) —srst

(hi—1) (ho+1) —h:he

(1=yi) (1+yo) +yryt

(hi + 1) (ho+ 1) °hrhl

(1+yi) (1 +yo) —yryr

2h: _zyr Si Sr
( (hi+1) (ho+1) —hrhs (1+yi) (1 +ye) —yryr
§] —2h —2y1
(hi+1) (ho+1) —hshs (1+yi) (1 +yo) —yrys st So
(1+hi) (1 —ho) +h:he (1+yi) (1—yo) +yrye
(hi+1) (ho+1) —h:hs (1+yi) Q1 +yo) —yrys
S21 : forward transfer coefficient 1 2 a,
S22 : output reflection coefficient a o— Sy Sy f—o0 —
1 2
-— S S —
bs 21 22 [—© b,

Suffix b or e is used to indicate the common

base or the common emitter in the same
manner as y parameters and h parameters.

)

Fig. 1.12 Circuit network by using “s” matrix
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Table 1.4 Conversion formulas for “h” parameters

Converted”’h”parameters
Common base Common emitter Common collector
z hxb A hl, - h,b hib
52 1+hy 1+hg 1+hy !
£ § —hp hoy -1 __ha
2 6 1+hg, 1+hygy 1+hy 1+hg
£
& P
it o hie Ah.—h. —h
’8‘ g:é 1+he. 1+h;. hi. 1-h.
= |E
: g° —hy, h,e _ he
g OO 1+h,. T+h, (1+hg)
S S
[} ) —h, — Ah,
S8 ic _—ahe hie —h,.
éﬁ hee he ! 1-h
) —
8| b e ~(1+hy) hec
3 fe te

4he=hi-hee —h,chy

4hy=hip-hy —hey-hey

Table 1.5 Conversion formulas for “y” parameters

dhe=hic-hoe—h,c-hy

Converted *“ y’parameters
Common base Common emitter Common collector
g [
E_§ A —(Yen+ Yob) bR —(Yip+ Yop)
wn
3 E ~ (Yo +Yob) Yob = (Yie+Yen) Yib
% |O
AEF
3|gs| = — (Yot Yoe) Ve (Y t¥.)
5 g g ~ (Ve + Yoe) Yoe = (Yie + Y1) pAA
3 &)
3 -
2 g8 Yo ~VietYor) | v — (Yie+¥ee)
U
E=| —(VeetVoo) IV —iet¥e), 3V
O o

ZYe=VYie+VYre+ Ve +Yoe
EV%=VYip+ Yo+ Y+ Yob
ZYe=VYiet Vet Yie+Voc
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Table 1.6 “h” parameters converted by Early’s T-type device parameters
Common base Common emitter
, i f T,
Te+ Ty ((l—-ao)+3——) R T —
ha fa hie T F T
T (1—ag)+j(f/fa)
L
h, j2nfCeryy’ h,. ____{_"—_
: 2rbaCel gy + 3T/
h —ap h ag
b 1+j(f/fa) e (1—ag) +j(f/fa)
. f . f
hg jantC Noe 2rfaC, M
¢ (1—ao) +j(f/fa)

Table 1.7 “y” parameters converted by Early’s

T-type device parameters

Common base Common emitter
Cf _ i f
yu 1+) Ta . (1 ao)+lﬁ
"d’il'm,'é' T, +jrbb'%
f f j £
i 1+i+ I e
Yoo ~2rfaC, Er( f;’) Vee 2o, gt 10
e . —_— )
LIYS +) fa Ty’ ) fa
_ ao a
7 : Vie ——
fe 0 5o RS L e
i f T f
1+ == +)+—
You 27faC, ta (r Th 7 fa) Yoe Yob
e . + ’ L
Top fa
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Im (E‘:b)

A'_- ; fa |
£l 4 f!
= 7
0 re Tob 0 Re(heb) ™
Re (hin)
w2,
R SN LTI
= ; :'
O im0 0 Relho) —

(1)  Common base

Re (hie) _‘,+ Te '
0 Ibh b l1—ao__ A
i 5|~ ¢
it 4 £\ 778
;:E‘ fﬂ 0 2”{0(:(‘['@
- RE (hl’?) -
ao

0 Re (hfe)— T—a i
[l BN /4 =
- =¥
£ A 0 2nfaCe

Re (hoe)—.‘

(2) Common.emitter

Fig. 1.13 Frequency locus of “h” parameters

Please refer to Tables 1.3, 1.4 and 1.5 for the cor-
relation and conversion of common base and
common emitter among circuit parameters.

Figs. 1.13 and 1.14 shows the frequency
locuses of “h” and “y” parameters obtained
from Tables 1.6 and 1.7.

The above-mentioned parameters vary ac-
cording to the operating points and tempera-
ture; thus, circuit designers should effect
designing by comprehending the rough trends
of such variations.

—2nfaCe 0
N
=/ |z
fa' :_E
// fa

0 2xfaCe (1+4re/rnb)
Re (y(b)—-

(1)  Common base

: Re (yfb) -

! f
’E / a Re()’re)___
> Vs \\‘ —ont C Te
= 8 \1 2rtaCe —
0 I—ao — !
I'bh
| =
/ >
t8 2

Solid line: theoretical curves
Hyphenated line: measured curves

(2) Common emitter

Fig. 1.14 Frequency locus of “y” parameters
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2. GAIN AND STABILITY

Figure 2.1 shows the basic high-frequency am-
plification circuit of a transistor/FET and its equiva-
lent circuit. When this amplification circuit is tuned
to the center frequency, the capacitance is removed
and only the conductance remains as shown in the
equivalent circuit in Figure 2.2.

In this circuit, if both the capacitance and the

conductance are neutralized, or, for active devices
with small reverse transfer capacitance, such as
cascaded FETs, it can be assumed.that lyrl = 0. Also,
when the unloaded Q in the I/O coil is large, and
when loss conductance g; and g, are ignored, an
equivalent circuit with simple configuration is
structured as shown in Figure 2.3.

uw>
AT
Input Active Output
I Device i
I(TR, FET)
L»
VC, L3
O
Vl VZ
YyU2 yfU1

[

4i

h

mO

kY
MW\

[l
Lo 192 TC[[CL %

yO CO
&

<

is: signal constant current source

gs, Cs: signal source conductance, capacitance
gi, Ci: input conductance, capacitance
L;, Lz J/O tuning inductance

go, Co: output conductance, capacitance

g1, 822 power loss conductance of an I/O coil
gL, C.: load conductance, capacitance

C,, C,: additional capacitance in external I/O

Figure 2.1 Basic High-Frequency Amplifier Circuit and Its Equinalent Circuit

YUz v

O——

0 yo]v wia

vy 2
s ¢ ¢ )

Figure 2.2 Equivalent Circuit (Tuned Frequency)

Figure 2.3 Unidirectional Equivalent Circuit
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We now find the power gain of the equivalent circuit.

Po I V2 I 2g;,
- " = 1
OP= B Man = Tilwag, ()

Combining with

Ye U1 P :
0= g T V1 (g + 8)

we obtain

Goe 4lylge
P tg) (2te)’

@

When gs=gi and gi=g,, the power gain becomes maximum; namely, when the input and the output are
matched.

Gp (Max) = l‘:'gfgiz 3

Gp (Max) is MAG (maximum avalilable gain) that can be achieved when a device fully matches with the
input and the output unidirectional.

Therefore, in practice, power gain (stability gain) must be considered stability.
The active device stability coefficient s is
8i * 8o

- 1+C0$(¢r+¢f)'y:'|'|}'fl @

Where @ is the phase angle of the y parameter
[ o, = tan™ (by/g,)
¢r = tan™ (bi/gy)

This means that it is inversely related to the gain, i.e., the better for the stability coefficient s large I/O
admittance, and small forward transfer admittance are.

—  Susceptance

¢

— Conductance

Figure 2.4 Phase Angle Diagram
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The stability coefficient is calculated from the device y parameter, and, if s>1, it is stable without con-
sidering the I/O circuit; however, when s<1, there is a danger that the I/O circuit may cause oscillation.

In a high-frequency amplifier circuit, S is expressed by using Gi and Go.
2 Gi . Go (5)

S= .
1 + cos (¢ + §p) ly:l |yr|

Where Gi=g+gi+g

Go =g+ &+ gL
The relationship between this S and the stability coefficient of a device (s) can be expressed as follows
S= GiGo .S
8igo
&+8g gLt g
=(1+ 1 . 6
( % )1+ & )-s ©)
S2s

In other words, by selecting larger g, g, or g,, g, increase the circuit stability.
When the input and output are matched, even though the loss conductance of the coil is (g,, g,) = 0,

[ Gi=g+g=2g
Go=go+ gL =28
S=4s

and stability can be achieved that is four times larger than that of a device.
After considering the power gain, S is expressed by

1 2 |yt
S T+cos (@ +0) |yr| @

Gp=

This formula can be changed to

_4 2 88 ny|2
God . . . ®)
P= S T+cos @c+00  [yr|[yf] 4gig,
4
=3 +Gp (Max) ©)

Select ‘4’ or more for the value of S: S>4.

Gp £ s - Gp (Max) (10)

A stability gain of s<1 in the circuit can be achieved when device stability coefficient s is multiplied by
MAG.
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Table 2.1 shows the Gp of a high-frequency transistor/FET when MAG and S=4.

Table 2.1 Gain and Stability (Example)

f =100 MHz
MAG (dB) s Gps (dB)
TR 2SC1923 34.9 0030 19.6
2SK192A 26.9 0023 10.5
J—-FET
2SK161 26.4 0265 20.7
2SK241 34.0 0.120 248
MOS FET
3SK73 286 0690 217.0

Several methods are available for achieving stable gain in high-frequency circuits. The most popular
method using a circuit is to ignore the feedback by installing a neutralized circuit. Figure 2.5 shows an
example. 12p

Al
Input Output

0054 /,—‘ "
& il a. |
o 1

1§
F: -'

o9 u:%
< i 3
r ol - 77 l g
’J; =
o

~Ig Vee ev

Figure 2.5 2SC380TM10.7MHz Amplifier Circuit

Another method is to lower the feedback capacitance by cascode connection. Figure 2.6 is a typical example
of a cascode-connected circuit.

2S8C3125
2SC3123

e iy T
oy

J: P EO———ANVN—0
Vee

-

osc Figure 2.6 TV Tuner VHF MIX Circuit

For transistors, the Faraday shield (electrostatic screen) method is used to prevent interference from active
devices.

For FETs, devices with cascode equally connected inside the device — such as cascode FETs and dual
MOS FETs — are equivalent to the method mentioned above.
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3. 3-TERMINAL MOS FET FOR USE AT HIGH-FREQUENCIES

(2SK241, 2SK302)

This 3-terminal MOS FET is a new type of MOS
FET that leads current electronics technology. The
dual-gate MOS FET is the most popular type of
conventional high-frequency MOS FET. In this type,
Gate 2 achieves several advantages when compared
to junction-type FETSs or bipolar transistors. Gener-
ally, Gate 2 can be used as the local oscillation sig-

Dual-gate MOS FET

Unnecessary

2 resistors and
1 condensor

can be saved.
3-terminal MOS FET
MIX

)

;

|

ANT !
VDD

Figure 3.1

Assuming that a dual-gate MOS FET can achieve
good performance when the Gate 2 bias voltage is
zero, Gate 2 only needs to be grounded; however, in
practice, Gate 2 has to be biased in a voltage range
of 3 to 5V.

Passive components required for this purpose are
at least two resistors and one capacitor. However, a
3-terminal MOS FET does not require such compo-
nents to achieve the same characteristics as a dual-
gate MOS FET.
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nal injector terminal for mixer circuits, and an AGC
terminal. However, there is another method as shown
in Figure 3.1. This shows a typical high-frequency
amplifier in a Hi-Fi tuner. Gate 2 in the figure is
used only as a DC fixed bias terminal in order to
achieve power gain.

Dual-gate MOS FET

T r———oD
Glo——1
S IGZ

U

3-terminal MOS FET

G o— D

Figure 3.2

The 3-terminal MOS FET is a cascode-connected
device that connects Gate 2 of the dual-gate MOS
FET to the source.

In addition, special consideration has been given
to maintaining excellent performance even when Gate
2 is zero biased: this is achieved by the channel
control from the Gate 2 side.

Moreover, our original manufacturing technique
allows a decrease in the amount of bonding for reli-
ability improvement.

Three types of packages are available to respond
to trends in compact FM tuners: Mini Mold
(2SK241), Super Mini (2SK302), and Ultra Super
Mini (2SK882).



4. AGC OF DUAL-GATE MOS FET

4.1 Typical AGC Circuit in Dual-gate MOS FETs

Dual-gate MOS FET AGC (automatic gain con-
trol) is achieved by changing the bias of Gate 2.
This type of control is used mainly for the RF stage
in TVs (VHF/UHF) and FM tuners. Figure 4.1 shows
a typical example of a bias circuit.

One point in the design of this circuit, shown in
the figure, is the proper setting of Vg, and Vs.
Briefly, the Ip-Vgis operation point locus in Gate 2
Vcc is determined by the setting of Vg, and Vs. This
is because there is a close relationship between the
In-Vais operation point locus and gain reduction —
cross modulation characteristics. The Ip-Vgis opera-
tion point and the cross modulation characteristics
are described below.

4.2 Relationship Between Vg5 and Cross Modula-
tion, lyfsl, Ip

Cross modulation (undesire signal level) — Vgis
characteristics against Ip, lyfsl — Vg5 characteristics
are shown in Figure 4.2 as a representative example.

Three bad points (A, B, C) of the 1% cross
modulation characteristic in lyfsl — Vs characteristics
can be seen, and three good points (D, E, F) can also
be seen. In short, the figure shows that in a region
with a sharp lyfsl — Vg5 curve, the secondary lyfsl
(tertiary Ip) order term is large, and therefore is bad;
the region close to the straight line is good since
secondary lyfsl is small. Explanation of each point is
as follows.

.L % » MIX
I D
G2
Va1 1'
ANT G 1S R
AMA—4 —O0 VDD
ST 1 1P 1
N NI R

Figure 4.1 Typical AGC Circuit In a Dual-Gate MOS FET

110

100

90 [~

X-Mod

Ip(mA), |ygg! (mS)

Undesire signal level X-Mod (dBp) 50Q open

Figure 4.2
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(1) Point A

This point is that in the section close to the OFF
state of the front-stage FET in a dual-gate MOS
FET, similar to that of single-gate FET and bipolar
transistor’s reverse AGC, place where GR (gain
reduction) is large has very poor cross-modulation
characteristics. Therefore, in a dual-gate FET, it is
not favorable when Gate 1’s operation point with
large GR is in A range in which AGC is applied at
Gate 2. This should be avoided at all times.

(2) Point B

From the viewpoint of the Ip — Vgis (or lyfsl —
Vais) characteristic, this is the point where the rear-
stage FET starts to have an effect (the front-stage
FET, however, is controlled by the A and F points).
This is a point that exists at all times if the device is
a dual-gate FET. The Vg;s at this point is character-
ized by Ve becoming smaller, it moves close to
Vais orm, and the cross modulation tends to be worse.
However, this point is passed through when the
actual-GR is small (Vgs is large). Therefore,
mounting on a tuner is not a problem since it is
buried by the cross modulation (MIX) after RF.

(3) Point C

From point B which is affected by the rear-stage
FET, this point moves to a section one step before
being affected by the rear-stage FET increases. Like
point B, this point exists at all times if a device is a
dual-gate FET. The point’s position on Vgis shows
similar movement against Vs as point B. Also, the
cross-modulation characteristic tends to become
similar to point B. However, a problem that is dif-
ferent from point B arises. If this point of device
cross modulation is poor when passing through GR
= 10 to 30 dB, that affects tuner characteristics.

(4) Points D, F

These two points exist because there are A, B,
and B, C points with poor cross modulation on both
sides against Vgs. In other words, when I, is Taylor's
series by Vs, tertiary order term/primary order term
codes move inversely, and inevitably, tertiary order
term/primary order term equal to zero. Also, the Vg5
range of these points is very narrow, and since cross
modulation on both sides is poor, it is very difficult
to trace these points as an operation point against
Vezs. Therefore, in cross-modulation characteristics
(undesire signal level vs GR), it may be considered
that there are some good points in cross modulation.

(5) Point E
In Ip ~ Vs (or lyfsl — Vgs) characteristics, this
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is the point strongly affected by the rear-stage FET
characteristics. The feature of this section is that GR
is relatively large and cross modulation is good (most
advantageous part of a dual-gate FET). The position
on Vs is that as Vs becomes small and point C
moves close to the Vais ©orp, the Vs range becomes
wider.

When applying AGC to Vezs, the device must be
designed to place a larger GR’s Vgis operation point
at Point E in order to make best use of the advantages
of a dual-gate FET.

4.3 AGC Circuit Design in Dual-Gate FET

AGC circuit design considering the dual-gate
FET’s cross-modulation characteristic, in short, re-
quires the Ip — Vs operation point locus to be set
against Vage (=Vgzs). The relationship between the
Ip — Vais operation point locus and the cross modu-
lation characteristic using the actual test data is given
below. A dual-gate MOS FET for TV/VHF tuner
RF, the 3SK126, is used.

Operation point locus @ in Figure 4.3 shows a
poor example where it does not reach point E when
Vaas is small (GR is large); the 1% cross modulation
characteristic in Figure 4.4 shows the poor result
where GR is large. On the other hand, operation
point loci @ and @ reach Point E where Vs is small,
and the 1% cross modulation characteristic is better
where GR is large. Also, for Point B (near GR=4 dB
in Fig. 4.4) and Point C (near GR=15 dB in Fig.
4.4), the operating point loci @ and @ are better when
compared to @. This is because the operating point
passes through Point B and C where Vs is large, in
the order @, @, ®. Therefore, when designing a
circuit by placing the operation point locus on Point
E where GR is large and cross modulation is in
good condition (for @ and @), the cross modulation
characteristic at Point GR will automatically be good.

Considering the above, we now find Vg, Vs, Rs;,
and Rs; in the 3SK126 using the circuit shown in
Figure 4.1.



Gain Reduction(dB)

v =4V
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Figure 4.3 Ip - Vg5 Operation Point Locus
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Figure 44 1% Cross Modulation Characteristics
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First, the FET must be completely in the OFF state in Vage = Ov condition; Vilp = o must have some margins
for its determination.

Vil pao= 1-Vass orp (V) ¢))

Next, for the Va1, Vais (=Vai—Vslo-o) is required to be at Point E under the condition of Vasc=0 and Vslpwo
=1-V When operation locus (3) in Figure 4.3 is used, Vg becomes

G2S (OFF)°
Vais = Vais orp + 3v )

Therefore,
Va1 = Vais orp + Velp=o + 3v ©)]

When (1) is substituted in equation (3),

Vo1 =4 + Vagis (OFF) (V) (4)

Also when GR =0 dB, Vg =3V, and Ip = 10 mA, Vage max, Rg;, and Rs,
are determined as follows.

Rs = Rsi Rs/ Rs1+Rs2) ®)
Vois | vozs=3v. 0= 10ma = Vi - (Vsimeo+Rg X 10 MA)  cevveveecvesmssncrsssnens 6)
Vors = Vagemax - (Vsip=0 + RS X 10mA) =3 (V) ceevereencnnnennnnens )

and the design is completed after

Rs = {Vai — Vs | D=0 = VGISIVG25 =3V, Iy s }/1OMA (Q) #++eeersssessssssnseens ®)

Vaccm =3 + Vs moot Rs X T0MA (V) eeeeeeeeesssmsssenneens ©)

Using Figure 4.3 as a reference, when Vgis orn=0V, Vaasom=0V,
Vms lvczs=3v,m= 10mA =0.92V, the Vs l ID =0, Vm, Rs, VAGC range becomes

VS“D:O =1V
Ve =4V
Rs= 2089

Vace = 0V~6.08V
Also, when Vps is under 6V GR=0 dB (V:s=3V, Ip=10 mA), Vpp become
as follows.
VDD = Vslm.o + RS x 10mA + VDS'VGS"3Vle“l°'ﬂA
=1V +2.08V + 6V
=9.08V
Finally, Rs; and Rs,; must be found.

Rs = RsiRgy/ (Rs1 + Ryp) = 208Q 10

Vsim-0= VooRsy/ (Rs1+Rsz) = 9.08 X Rsaf (Rs1+Rs2) = 1V reevesseseesssseenes an
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When equation (10) is divided by equation (11),

Rs1/9.08 = 208
+Rs1 =208 x9.08 = 1.89KQ

Therefore, Rs, = 234Q

The AGC circuit design in dual-gate FET, considering the cross modulation characteristics is now com-
pleted.

5. INTERMODULATION AND CROSS MODULATION

In general, for semiconductor amplifiers (bipolar transistors, FETSs), output current and input voltage are
related as follows.

Ic =39+ a;V.,c-o- aZVbJ + a3Vbe3 + a4Vbe4 + astes d crreee seeceresecncnennees oee (1)
(For FETs, Ic=>1i, Vie=>V,,)
Here, when two signals of angular frequency ®, and ®, are inputted, the output frequency component will
contain different types of components such as V.2, Vi3, etc.

The input signal is calculated as follows.

Vie = Visinm;t + Vasinw,t 2

Here, equation (1) is substituted in equation (2). But to simplify this formula, V> should also be consid-
ered.
Ic = agta; (Visinot + Vo sinm,t)

+ —é— a, (Vi2+ V?) —% 2,(V12c0s2m;t + V2cos2m,t) £ 2,V Vacos (o, F ) t

+ —4?-’— a3 (Vi3sino;t + Vo3sinm,t) — 711— a3 (V3sin3it + V3sin3mat)

r_ 3 ag{V12V2sm (F20;— ) t+ V:1V43sin (F2m; - (Ol)t—-l

MG i -

+ % a;{V,”stina)zt + V,szsin(olt}

©)]

In equation (3), [ - Jrepresents the inter modulation term and ] represents the cross modulation. Figure
5.1 shows equation (3) in spectrum figure.

3
eV V; component l:> a; Vi Vi component by f, signals

| l[ | g

fg'fl f

4 l
) by f2 signals
3 l
l
0 1

f 2f 1 2f, 37131,

2f]~f2 2f 5-1

Figure 5.1
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5.1 Intermodulation

(a) On both sides of two neighboring signals (f}, f2),
the frequency components (2f,-f;, 2f>-f;) appear in
a region that shows the difference of the two
signals. This is generally called IMD 3'rd distor-
tion.

(b) In transmitters, inter modulation problems occur
mainly because in SSB and FM-modulation
transmitters, signals may interfere with
neighboring channels when inter modulation is
large.

(c) In tuners, inter modulation problem occur because,
if there are three broadcasting stations (fy, f;, f3),

and if a tuner is tuned to f, f signals are affected
by f; and f; signals and the relation is f;=2f,-f; or
f|=2f3-f2.

(d) Measurement and expression of inter modulation
are as follows.

(1) Input signals f, and f; are inputted with the same
levels.

(2) IMD 3'rd distortion is expressed by the differ-
ence (dB) between f, (or f3) output level and 2f;-
f> (or 2f>-f;) output level. As the dependence of
IMD 3'rd distortion on input level (or output level)
increases, the value gets worse.

25C5084 IMD - Ic
-170
@ Voe=10v P T
f=400MHz Pjn= —20dBmW [T
(f] =400MHz, fg=400.1MHz) \
-60 Pin=—10, —20dBm S
Ta=26°C / N
4
f Pin=-10dBmW
o -50 \\
"
4
2
- /
g -3
£ /
_g A
1] / /
E A |
2 L
S 11 ///
//
B |+
-10 e
0
0.1 0203 06 1 2 3 6 7 10 20 30 6070

Corrector current Ic (mA)

Figure 5.2 Intermodulation Characteristics

5.2 Cross Modulation

(a) When there are two neighboring signals (f;, f2), the
f> (or f;) signal affects f; (or f;). For example,
when tuned by a non-modulated signal f;, the
modulated f; signal affects the f, signal and cre-
ates f, modulated signals in wave-detection out-
put.
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(b) This problem arises in TV tuners when there are
neighboring broadcasting stations (fi, f;). When
tuned to station fj, the video and audio signals
are affected by the powerful station f; video and
audio signals.



(c) Measurement and expression of cross modulation are as follows.

(1) When the desire signal is f, and the undesire signal is fz, the f; signal is the non-modulation state and the
f; signal is 30% AM modulation at 1kHz.

€= E] sin(Dlt
e;=E; (1 + m; cos @y t) sin wst

(Notes) mp: undesire signal modulation ratio (0.3)
om2: modulation angular frequency (fm, = 1 kHz)
(2) By inputting e, and e, output is formed as the f; component by equation 3.

a .
Ic=aE/{1+3 - —ai + myE7? COS Wat) sin @t
1

As shown by the above equation, the required f; signal (originally non-modulated) is modulated by undesire
signal f according to the following equation.
a;
mg = 3. ?::‘
The modulated signal is expressed by

My E22

Ic = a,E; {1+m; cOos Wm} sin ot

m;: desire signal modulation ratio (0.3)

om1: modulation angular frequency (fml = 1kHz)
Therefore, the cross modulation exponent is

_ Mg _ 3asmoE,?
Ke=——= 22222
m; ajm;

In general, cross modulation is expressed by the level of the undesire signal E; where Kc=0.01. Therefore,
when m;=0.3, m,=0.3,

1 a
E=,/—0.2
2 V300 a3

This shows that E, becomes larger if the distortion component is smaller (smaller a;), thus making inter-
ference difficult.
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6. DIODES FOR USE AT HIGHFREQUENCIES

6.1 Variable Capacitance Diode

Variable capacitance diodes are generally called
varicap diodes. Rectifiers and switching diodes use
the rectification property of the PN junction, and
the constant-voltage diode uses the zener drop and
avalanche drop. Varicap diodes, however, use the
the change in PN junction capacitance caused by
the reverse-bias voltage. These diodes are used in
AFTs and AFCs in TV and FM tuners, or as FM
modulators.

Due to progress in semiconductor technology,
ICs that integrate automatic tuning control func-
tions by means of varicap diodes are now widely
used in TV and FM/AM tuners. These tuners are
thin, compact and lightweight when compared to
conventional mechanical tuners. Varicap diodes are
currently widely used in various electronic fields
including commercial equipment such as TVs and
radios, and telecommunications.

(1) Basic Operating Principle

‘When the PN junction diode is reverse-biased,
the depletion layer is affected by the reverse-bias
voltage Vr. The PN junction capacitance depends
on the width of the depletion layer.

If the depletion layer is wide, the capacitance is
small, and conversely, if the range is narrow, the
capacitance is large. Therefore the junction capaci-
tance is controlled by the reverse-bias voltage Vx.

Depletion layer
Piype 4 Niype
) P K e
@ (] esesas
\ e—(e’
o

/

Anode Cathode

e e !
\:o‘b \\ /’

N
R

Figure 6.1 Operation Diagram
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(2) Equivalent Circuit
Figure 6.2 shows a varicap diode expressed by
its equivalent circuit.

Anode

L

1 A~
10 £ lCr-case

b 3

E Is

Rp -|case

[
Cathode

Figure 6.2 Equivalent Circuit of a Variable
Capacitance Diode

C;: Junction capacitance

I series resistance

Ry:  junction power loss resistance

Rpcase: Case power loss resistance (dependin on
tan 8 of the resincase used)

Cpse: Case capacitance

L:lead inductance

When the frequency is low, lead inductance Ls
can be ignored; when junction capacitance Cj is large,
the case capacitance Cp-case can be ignored.

(3) Varicap Diode Types and Features

Varicap diodes can be classified into three types
depending on the inpurity density distribution: graded
junction type, abrupt juntion type, and hyperabrupt
junction type.

These types are shown in Table 6.1.

Here, n is related to the equation mentioned be-
low in determining the coefficient capacitance
(C) — reverse voltage (Vg) characteristic grade.

C=K((Vr+)™

K: determined by inpurity density distri-
bution, dieiectric constant, junction area
¢: diffusion potential



Table 6.1 Variable Capacitance Diode: Types and Features

Classification

Inpurity Density Distribution

n

Application

Features

Graded
Junction Type

P

173

General-Purpose
Switching

Narrow variable range of ca-
pacitance; not used as a
varicap diode.

Abrupt
Junction Type

L

1/2

AFC
Tuning
Modulation

Stability in C-V curve is high;
pairing is unnecessary when
used for tuning. Capacitance
change rate is small and high
control voltage is required.

Hyperabrupt
Junction Type

above
12

Tuning

Capacitance change rate can be
large even when

the working voltage range is
narrow; on the other

hand, a large number of diffu-
sion processes are

required, and C-V curve has
low stability.

(4) Basic Parameter of a Varicap Diode
Vr: reverse voltage
Applied allowable voltage in a reversed-bias state varicap diode.
Cr: capacitance between terminals
Figure 7.2 shows the total capacitance between anode and cathode in the equivalent circuit.
Cav: capacitance between terminals with Vg=3V (same for Coy and Cysv)

Csv/Coy: capacitance ratio between terminals with Vr=3V, 9V
(used in varicap diodes for tuning purposes)

K: capacitance ratio

K = (capacitance between terminals in each voltage) — (capacitance between terminals in reference voltage)
capacitance between terminals in reference voltage

Q: performance characteristic

In a circuit or a material, stored energy rate against energy consumed by a
resistance component.

In the equivalent circuit shown in Figure 6.2, when lead inductance Ls, case
capacitance Cp. are ignored, it can be expressed as

1 ()

1 1 .
OCir, + (——+ —L )/ aC
A Rpj  Rp—case ) oG

Q=

9%



Generally, it is expressed as
1
3
(’)ers
I,: series resistor
One of the parameters that describes the performance characteristic Q can be expressed by

=L 9 1] & 4
" I NG 57 ) ey R @
Sj:  junction area; un: electron mobility; up:  electron-hole mobility;
N(x): inpurity density distribution on side N; P(x): inpurity density distribution on side P;
Rc:  contact resistance
Matching:
For tuning varicap diodes, characteristics for all diodes must be equal when they are used in same tuner.
This is required to guarantee the tracking of a tuner. Generally, pairing deflection of capacitance between
terminals for each reverse voltage Vg is 3% or below.
(5) Voltage Dependency In a Capacitance
Depending on the inpurity density distribution rate, varicap diodes can be classified into three types: graded
junction type, abrupt junction type, and hyperabrupt junction type.
‘When N-type inpurity distribution is given by function, it can be expressed as

= | N®

5[ 2%, ®
V = - E(dy )
G= s’e;(’sj @

€: dielectric constant in a vacuum
€. specific dielectric constant

Also, relationship of a capacitance and reverse voltage is expressed by C=K (Vg +¢)™. For graded junction
type, n=1/3; for abrupt junction type, n=1/2; and for hyperabrupt junction type, n=above 1/2. Figure 6.3
shows a typical capacitance — reverse-voltage characteristic diagram.

1000, L
Ta=25C 4 A
500 f=1MHz . a
o N g AL
CONEEN g * PoZZRY
o) & 5% 8%
8 10 A\ )
8 3 g
9
'§ 50 1V z - T
g Y N Hyperabrupt § - A
T 2 N N junction type 5 -2 FTY
, . ]
S N N =)
2 L 1SV101 S
FERN nel ©_ O/
3 =1+ - 4
. > ISIV'?O Abrupt junétic:n type
0 5 10 15 -50 0 G 100
Reverse voltage Vg (V) Ambient temperature Ta (°C)
Figure 6.3 Capacitance — Reverse Voltage Figure 6.4 Capacitance Change Ratio—
Characteristics: Varicap Diode Ambient Temperature
Characteristics:

Varicap Diode (1SV101)
9%



(6) Temperature Dependency of a Capacitance

Varicap diode’s capacitance temperature change is caused by the following: (1) temperature change in
diffusion potential, and (2) temperature change in dielectric constant. This can be expressed by the following
equation.

1 9G 1 dK n d
G or T K T dT ~Varp T dT

Temperature change in dielectric constant in the first term is 35 ppm/°C (silicon). In the second term,
temperature change in diffusion potential is approximately ~2mV/°C.

It is impossible to completely eliminate tempeature dependency in a certain level of capacitance in a
capacitance where there is a voltage dependency. However, when obtaining same capacitance ratio, the tem-
perature dependency can be decreased to a certain extent, depending on what to choose for ‘n’ in reverse
voltage Vg.

Figure 7.4 shows the temperature dependency in a capacitance in 1SV101.

®

(7) Average Capacitance Fluctuation In AC Signal Voltage

Varicap diode changes the depletion layers by changing the value of reverse-bias voltage during PN
junction. This change in the depletion layers is used for the change in junction capacitance. Therefore, as
shown in Figure 6.5, in a state where AC signals are on DC bias voltage, the AC signals affect the depletion
layers.

Due to the facts mentioned above, average values of capacitance differs depending on whether AC signals
are applied or not.

This is because the relationship between the capacitance and the reverse voltage expressed in equation (1)
in general, does not become a linear function.

oy
& s ° o
- 8 Ta=257T
o 9] v=05Vrms
8 <
________ _— Q
§ g’
§3) - . - o
< S
% | A\ § 2 AN
© | Fluctuation level - 8
g [ | ! =
= | ! 3 . P
| | § 1 \ J N/
I | 3
Reverse voltage 8
| Vr (V) 6
| 0 2 4 6 8 10
I . Reverse voltage Vg (V)
. AC signal
D.C. bias voltage
Figure 6.5 Capacitance Fluctuation In Figure 6.6 Typical Capacitance Fluctuation
Capacitance — Reverse Rate — Reverse
Voltage Relationship Voltage Characteristics (1SV149)
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Average capacitance fluctuation is expressed by the equation below.

Cjac _ 1 2n {1+1)sin(ot }—nd((ot) ©
Ciac 2w Jo Vet

Cjac: capacitance when AC signals are applied
Cjdc: capacitance when DC bias voltage is applied
vsinwt: AC signal level

Capacitance fluctuation rate AC is expressed as follows.

ac = 552 = Cire 100 (%) 10
Cch
1 r2n
Cjac = _2;_’.0 K(Vi+ 0+ SINOL) 7 d(OF)  oerereseerresesssassssesssnns an

Equations (9) to (11) are formed only in a section where ‘n’ is close to the constant value. In a hyperabrupt
junction type diode, it must be careful when ‘n’ changes by the reverse voltage.

Same as that of temperature dependency characteristic in a capacitance, it is impossible to remove varicap
diode’s average capacitance fluctuation entirely by AC signal voltage.

However, when same capacitance fluctuation ratio has been chosen, the fluctuation can be decreased to
some extent by the method in choosing the ‘n’ in a certain reverse voltage Vg.

Figure 6.6 shows the capacitance fluctuation ratio — reverse voltage characteristics diagram in 1SV149.

(8) Voltage and Frequency Dependency in Q
Performance characteristic ‘Q’ changes by the reverse voltage because junction capacitance Cj and series

resistance r, also change. However, when compared to the r, change, change that occur in Cj is extremely large;
therefore, Cj’s voltage dependency greatly affects Q’s voltage dependency.
Figure 6.7 shows voltage dependency characteristics in Q.

5000 -
Ta=25C 3;;2;1@0

o 00! ///— ' I l o 500

g AT 1SV149 (f=IMHz) °

5 100 Va — ;§

- 7 o g »

2 P SV101 (£=50MHz ) £

g g 100

E £ <

S 200} |/ 5

G b=

3] o 50|

a m— &

100 // 1SV160 (f=50MHz )
'd J
20
500 5 0 e 10 20 50 100 200
Reverse voltage Vi (V) Frequency f (MHz)
Figure 6.7 Voltage Dependency Figure 6.8 Frequency Dependency
Characteristics in Q Characteristics in Q
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By equation (3), Q’s frequency characteristic is inversely proportional to the frequency when serial resist-
ance rs is constant.

However, when the frequency is high, Q is affected by lead inductance Ls or by case-loss resistance Rp.case,
and may lower its value.

7.2 PIN Diode

PIN diode provides I layer (intrinsic semiconductor) in an ordinary PN-junction diode, and formed by PIN
junction.

By controlling the forward current in PIN junction, PIN diode acts as a high-frequency variable resistor and
it can change the high-frequency series resistor r,. PIN diodes are now used various fields including line switching
of a microwave, band swithing in TV/radio, and AGC.

Currently, to prevent intermodulation and cross modulation in commercial car audio equipment, they are
widely used as PIN AGCs. In the future, PIN diodes are expected to expand their use in commercial-application
fields.

(1) Operation Principle and Configuration Diagram of a PIN Diode

As shown in Figure 6.9, when forward bias voltage is applied to the diode, electrons and electron holes are
injected into I layer.

Injected electrons and electron holes are reconnected. Some of them serve as forward current and others are
stored in I layer.

Electrons and electron holes stored in I layer increase their dielectric constant, decrease series resistance r,
in high-frequency range, and operate as a high-frequency variable resistors.

Figure 6.10 shows the structure diagram of a PIN diode.

Anode
P I N
@ T -t e - Al SiO2
g 1= T © 7|
® 1~ To N_*] " li
e+ To ayer
N N*
l\ Forward bias voltage l
Cathode
Figure 6.9 Operation Diagram Figure 6.10 Structure Diagram
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(2) Basic Parameter of a PIN Diode
Is: series resistance
PIN diode series resistance rs in forward bias can be expressed as

Is =T1j + Ic ()}
ri: I-layer resitance
1c: semiconductor contact resistance

I
T LT (Me + Mp) @

I: I-layer thickness

Ir: DC current

Me: drifting mobility of an electron

Mh: drifting mobility of an electron hole
T: carrier lifetime in an I layer

=_pniIn* pp*lp* pen*t  pcp*
e A A TTA

>|b|
[¢]

()

pnt, pp*,: specific resistance between n+ and p+ layers
In*, Ip*:  thickness of n+ and p+ layers

cn*: specific contact resistance of a metal and n+ layer
P p Y
pcp* specific contact resistance of a metal and p+ layer
pc: total equivalent specific contact resistance
A: diode area
100K = =
T Ta=25TC
10KE

8 E.f =100 MHz 3

~ 300

i

Q

1

e K

S

Z]

2 .

& N

@ 100 P

g ~

w

10 = N
1
1u 104 1001 1m 10m

Forward current Ir (A)

Figure 6.11 Typical rs - IF Characteristics (1SV99)
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From the equation (2) and (3),

12

=, P
Irt(pe+pih) A

.............. Formula (4)
Cr: Total capacitance

Junction capacitance and case capacitance are dominating in anode-cathode total capacitance.

(3) Typical Application Circuit
Figure 6.12 shows the typical AGC circuit in FM front-end.

TR
I

VAGC

Figurie 6.12 FM Front-End

Figures 6.13 and 6.14 show the examples of n-type ATT circuit and high-frequency switch circuit, respec-

tively.
4 +V

o °

>

Input o—{} ¢ {— Output
Ll

P

Figure 6.13 n-Type ATT

—5 o
-V { +V

{— Output

Input

Input o—+

Figure 6.14 High-Frequency Switch

101



6.3 Schottky Barrier Diode

The schottky barrier diode uses the rectification of metal and semiconductor contacts. One of its characteristics
is that it creates a schottky barrier between the evaporated metal and an N-type epitaxial layer. Typical metals
used for schottky barriers are Molybdenum (Mo) and Titanium (Ti). As with the Ge diode, forward-bias
voltage in the schottky barrier diode is low. Unlike the point-contact diode, it does not have complex requirements
such as stylus force; therefore handling is easy in the manufacturing processes.

This type of diode is mainly used in mixer circuits and wave-detector circuits in bands above UHF. Its
advantages are that noise characteristics are 2 dB lower than for point-contact diodes, and it is mechanically

and electrically reliable.
Figure 6.15 shows a configuration diagram of a schottky barrier diode.

Anode

M, Ag

N1

N+

Nt

|

Cathode

Figure 6.15 Structure Diagram
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SILICON EPITAXIAL SCHOTTKY BARRIER TYPE DIODE -l Ss1 54

UHF~S BAND MIXER/DETECTOR APPLICATIONS.

e«  Small Package.

MAXIMUM RATINGS (Ta =25°C)

Unit in mm

CHARACTERISTIC SYMBOL | RATING | UNIT
Reverse Voltage VR 6 \Y%
Forward Current Ip 30 mA
Junction Temperature Tj 125 °C
Storage Temperature Range Tstg —30~125 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

+0.5
25-0.3
+0.25
1.5~0.15 o
1 3
w 8] 1 3
gl I
e wn 3
o~ g 2
L
al =&
P | 7
1 3
3 | S|
]
1. N.C.
2. ANODE
3. CATHODE
JEDEC —_
EIAJ SC-59
TOSHIBA  1-3G1A

Weight : 0.012g

105

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |[MAX. |UNIT
Reverse Voltage VR IR=104A 6 — \%
Reverse Current IR VR=5V — — 0.5 | pA
Forward Voltage Vra) |[IF=0.1mA — — 1035 \%
Forward Voltage Vr©@) |[IF=10mA — .5 — \%
Total Capacitance Cr VR=0, f=1MHz — 0.8 — pF

Marking
Type Name
=1 E—
e
BA
=] H




185154

FORWARD CURRENT Ip (mA)

TOTAL CAPACITANCE Ct (pF)

I — VR

50

30 /7‘

10 ’/’/

5 y I”l’l

3 VA AV 4

77

‘ il
05 1
0.3 Ta=75°0/25 —25
0.1 / / :
005 =
0.03 1
ool 1/

0 0.2 04 0.6 0.8

FORWARD VOLTAGE Vp (V)
Cr - VR
3
f=1MHz
Ta=25°C
1
| B

05

03

0.1

0 1 2 3 4 5

REVERSE VOLTAGE Vg

\2
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REVERSE CURRENT IR (nA)

IR - VR
500
300 -
] Ta="75C
100 t
I
50 — =
20 - 50
10
5 —] 25
3
1
0 2 3 4 5

REVERSE VOLTAGE VR (V)




SILICON EPITAXIAL SCHOTTKY BARRIER TYPE DIODE 1 8823 9

CATV/UHF/VHF MIXER APPLICATIONS. Unit in mm

+025
1.5-015

101

‘ as
S5MIN, |
+0
11792

CATHODE MARK

as
28:02
[\

065 T

065 f |

0.6+0.1 I z Jlois

MAXIMUM RATINGS (Ta = 25°C) :
CHARACTERISTIC SYMBOL | RATING | UNIT M ﬂ

Reverse Voltage VR 6 v 1. CATHODE
Forward Current Ip 30 mA 2. ANODE
Junction Temperature T 125 °C JEDEC —_
Storage Temperature Range Tstg —30~125 °C EIAJ —

TOSHIBA 1-2J1A
Weight : 0.02g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

classification of Vp (2).

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Reverse Voltage VR IR=10xA 6| — — v
Reverse Current IR VR=5V — — 05| pA
Forward Voltage VF@) [Ir=0.1mA — 03| — v
Forward Current Vr@) |Ip=10mA 042 | 0.47 | 052 | V
Total Capacitance Cr VR=0, f=1MHz — 08 | — pF
Delta Forward Voltage _

(Note 1) AVE Ip=10mA — — 10 | mV
Delta Total Capacitance P
(Note 2) ACT VR=0, f=1MHz — — 0.2 | pF
Marking
Note 1l :Vp(2)classification is available by 10mV step.
. o . OO s £ S
Note 2 :Maximum Total Capacitance difference in the

Cathode Mark
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188239

FORWARD CURRENT Ig (A)

REVERSE CURRENT Ix (A)

I — VF
g
Ta=25°C
A
L0~ /
ra
/
1078 y
f
I
I
107t EE% R e e = e e
I
|
107° [
0 02 04 06 08 10 12 14
FORWARD VOLTAGE Vg (V)
IR — VR
Ta=25°C
1077
1078
107°
0 1 2 3 4 5

REVERSE VOLTAGE VR (V)
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TOTAL CAPACITANCE Cr (pF)

Ct — VR

2

f=1MHz

Ta=25°C
1

—
0.5
0.3
0.1
0 1 2 3 4

REVERSE VOLTAGE Vg (V)



SILICON EPITAXIAL PLANAR TYPE DIODE 1 83241

VHF TUNER BAND SWITCH APPLICATIONS. Unit in mm
+0.23 -
15015 s «
FEATURES : ﬁ-.j 53
e  Small Package — I
e g
e  Small Total Capacitance : Cp=1.2pF (Max.) g g
e} 23]
. Low Series Resistance : rg=0.6Q (Typ.) @ 5
. :
g o
© H
©
L %< [
aes { \—t
06401 5 2 Jlo1s
MAXIMUM RATINGS (Ta = 25°C) s
CHARACTERISTIC SYMBOL | RATING | UNIT BE 1
Reverse Voltage VR 30 \Y% 1. CATHODE
Forward Current Ip 100 mA 2. ANODE
Junction Temperature T; 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ —
TOSHIBA 1-2J1A

Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Forward Voltage Vg Ip=2mA — — 0.85 v
Reverse Current IR VR=15V — — 0.1 | rA
Reverse Voltage VR VR=1xA 30 — — \Y
Total Capacitance Cr VR=6V, f=1MHz — 0.8 1.2 | pF
Series Resistance ry Ip=2mA, f=100MHz — 06| 09| Q

Marking

I A

Cathode Mark
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185241

FORWARD CURRENT Ip (A)

REVERSE CURRENT IR (A)

rg — I
3
Ta=25°C
f=100MHz
1
05
<]
0.3
0.1
1 3 5 10 30 50 100
FORWARD CURRENT Ip (mA)
0! IF — VF
f Ta=25°C
1
[
|
102 l
10° I
f
1
I
I
|
10™* I

0.4 0.8 1.2 1.6 2.0 24 2.8
FORWARD VOLTAGE Vg (V)
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TOTAL CAPACITANCE Cr (pF)

Ct — VR
10
Ta=25°C
f=1MHz
5
3
1
05
034 3 5 10 30 50

REVERSE VOLTAGE VR (V)
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SILICON EPITAXIAL SCHOTTKY BARRIER TYPE DIODE 1 88242

UHF BAND MIXER APPLICATIONS.

Unit in mm

S5 MIN,

065

.
06
28+02

[

CATHODE MARK

0.6+0.1 g f o Q15
MAXIMUM RATINGS (Ta = 25°C) s
CHARACTERISTIC SYMBOL | RATING | UNIT N I
Maximum (Peak) Reverse Voltage VRM 5 \% 1. CATHODE
Forward Current Ir 30 mA 2. ANODE
Junction Temperature Tj 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ —_
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX. |UNIT
Forward Voltage A% Ip=2mA — 025 — \Y
Forward Current Ip VE=0.5V 30 | — — | mA
Reverse Current IR VR=0.5V — — 25 | pA
Total Capacitance Cr VR=0.2V, f=1MHz — 06 | — pF

Marking

54 I s2 [ 1

111

Cathode Mark




185242

IF — VF IR = VR
100 ] 100
}
50 ?
50
" 7
/// 30 — —
A/ Ta=75°C
10 w " | —
Qé\ 5 Viwiw A &; =
E 71/ II S 10
) s = 5
= Ta=75°C/25/ —25 2 3 50
Z 1 2]
& - I~ =
& / f &
3 05 A f o -
g 03 A a T
2 / I 25
=
2 / 3
T T 3]
g Mg 05
I
0.05
/
/ 0.3
0.03 11/
0.01 / / 0.1
0 0l 02 03 04 05 06 07 08 0 1 2 3 4
FORWARD VOLTAGE Vg (V) REVERSE VOLTAGE VR (V)
Ct - VR
2
Ta=25°C
T f=1MHz
W1
o
g =
05 -1
& —
Q
5
% 03
[&]
(=)
<
&=
o
B
0.1
0.1 03 05 1 3 5

REVERSE VOLTAGE Vg (V)
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SILICON EPITAXIAL PLANAR TYPE DIODE

VHF TUNER BAND SWITCH APPLICATIONS

155268

Unit in mm

25-08
FEATURES: 157018 o
D Small Package. (33
« ol 1 S
. Small Total Capacitance : Cp=1.2pF (Max.) Il o 3 —]
e  Low Series Resistance : rg=0.6Q (Typ.) o S ! ¢
2
4 &8
a3 | *o
L i S
e |
MAXIMUM RATINGS (Ta = 25°C) i
10 °
CHARACTERISTIC SYMBOL | RATING | UNIT }] 3
1. ANODE
Reverse Voltage VR 30 v 2 [ 2. ANODE
3. CATHODE
Forward Current IF 50 mA
Junction Temperature Tj 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ SC-59
TOSHIBA 1-3G1F
Weight : 0.013g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Forward Voltage VF Ip=2mA — — | 085 | V
Reverse Current Ir VR=15V — — 0.1 | rA
Reverse Voltage VR IR=1xA 30 | — — \
Total Capacitance Cr VR=6V, f=1MHz — 0.8 1.2 | pF
Series Resistance rg Ip=2mA, f=100MHz — 06| 09| Q

Marking
m
B F
=] =]

13




185268

r, (Q)

SERIES RESISTANCE

FORWARD CURRENT Ip (A)

0.5

0.3

0.1

1072

rg — IF
Ta=25°C
f=100MHz
NS
]
3 5 10 30 50 100

FORWARD CURRENT Ig (mA)

IF - VP

Ta=25°C

—t— L1

P
el

0.4 0.8 1.2 1.6 2.0 24 2.8
FORWARD VOLTAGE Vg (V)
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TOTAL CAPACITANCE Cp (pF)

10

0.5

0.3

Cr — VR
Ta=25°C
f=1MHz
3 5 10 30 50

REVERSE VOLTAGE VR (V)
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SILICON EPITAXIAL PLANAR TYPE DIODE 1 88269

VHF TUNER BAND SWITCH APPLICATIONS Unit in mm
+0.5
2.5-0.3
FEATURES : 155818 o
—~O
. Small Package. $3
I al 1 e
. Small Total Capacitance : Cp=1.2pF (Max.) 9 <] ° . I
& o 3
. Low Series Resistance : rg=0.6Q (Typ.) h ' A
2
9
i i W
tl i ] S
. I ]
MAXIMUM RATINGS (Ta =25°C) ?T
10 °
CHARACTERISTIC SYMBOL | RATING | UNIT }:] 3
1. CATHODE
Reverse Voltage VR 30 v 2 2. CATHODE
3. ANODE
Forward Current Ip 50 mA
Junction Temperature T; 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ SC-59
TOSHIBA 1-3G1E

Weight : 0.013g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Forward Voltage VR IFp=2mA — — 1085} V
Reverse Current Ir VR=15V — — 0.1 | xA
Reverse Voltage VR IR=1xA 30 | — — \
Total Capacitance Cr VR=6V, f=1MHz — 0.8 1.2 | pF
Series Resistance rg Ip=2mA, f=100MHz — 06| 09] Q

Marking
=]
B G
1= =
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185269

SERIES RESISTANCE rg (Q)

FORWARD CURRENT Ip (A)

o
o

o
Y

0.1

[

1072

10°*

10™*

rg — If

Ta=25°C

f=100MHz

3 10 30
FORWARD CURRENT If (mA)

I — VF

100

Ta=25°C

[t L
oy S

0.4

0.8 1.2 1.6 2.0 24 2.8
FORWARD VOLTAGE Vg (V)

116

TOTAL CAPACITANCE Cr (pF)

Cr — VR
10
Ta=25°C
5 f=1MHz
3
|
1
0.5
0.3
3 10 30

REVERSE VOLTAGE Vg (V)
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SILICON EPITAXIAL SCHOTTKY BARRIER TYPE DIODE 1 Ssz 7 1

VHF~UHF MIXER APPLICATION
. Small Package

e  Small Delta Forward Voltage

o  Small Delta Total Capacitance

MAXIMUM RATINGS (Ta = 25°C)

: AVR=10mV (Max.)
: AC7=0.1pF (Max.)

Unit in mm

+05
2.5-03

+025
1.5-015 o
—~O
| 33
. +
0
« @11 3
2] 3
Hi0%
o
¥ o 3
LT
|
T
) ©
[=] O
M 88
35 I 42‘,
+1 ' —
~ S
G | L
1 t

o~a1_|

1
CHARACTERISTIC SYMBOL | RATING | UNIT }j 3 1. ANODE 1
2. CATHODE 2
Reverse Voltage VR 6 v 20 3. CATHODE 1
Forward Current Ip 30 mA /ANODE 2
Junction Temperature Tj 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ SC-59
TOSHIBA 1-3G1G
Weight : 0.013g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Reverse Voltage VR IR=10xA 6| — — v
Reverse Current Ir VR=5V — — 05 | wxA
Forward Voltage Vr(@1) |[IF=0.ImA — 03| — v
Forward Voltage Vr(2) |Ip=10mA 0.42 0.5 | 0.55 v
Total Capacitance Cr VR=0V, f=1MHz —_ 0.8 1.0 | pF
Delta Forward Voltage AVE Ip=10mA (Note) — — 10 | mV
Delta Total Capacitance ACT VR=0V, f=1MHz (Note) — — 0.1 | pF

(Note) : Difference between 2 Devices in 1 Package. Marking
=
B D
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188271

FORWARD CURRENT If (A)

REVERSE CURRENT IR (A)

103

104

10-°

I — Vp
= =]
Ta=25°C
p
//
7
f
I
== =
f
i

0 0.2 0.4 0.6 0.8 1.0 12 14

FORWARD VOLTAGE Vg (V)

IR - VR
Ta=25°C
107’
08
10
0 1 2 3 4 5

REVERSE VOLTAGE VR (V)

118

TOTAL CAPACITANCE Cr (pF)

0.5

0.3

0.1

Cr — VR

f=1MHz
Ta=25°C

1 2 3 4
REVERSE VOLTAGE VR (V)




SILICON EPITAXIAL SCHOTTKY BARRIER TYPE DIODE 1 88295

UHF BAND MIXER APPLICATIONS. Unit in mm

wn

e  Small Package

e

e  Small Delta Forward Voltage : AVp=10mV (Max.) 1 53
+1
e  Small Delta Total Capacitance : AC7=0.1pF (Max.) o § ! 3
i T
I |8 3
Z
3] 3
po] | tL
T ©
= | °
MAXIMUM RATINGS (Ta = 25°C) S
CHARACTERISTIC SYMBOL | RATING | UNIT | | ! . 1 ANODE 1
2. CATHODE 2
Reverse Voltage VR 4 \Y 24 3. CATHODE 1
Forward Current Ip 30 mA /ANODE 2
Junction Temperature T; 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ SC-59

TOSHIBA 1-3G1G
Weight : 0.013g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Forward Voltage Vg Ip=2mA — | 0251032 V
Forward Current Ip VEp=0.5V 30 — — mA
Reverse Current IR VR=0.5V — — 25 | pA
Total Capacitance Cr VR=0.2V, f=1MHz — 0.6 0.9 | pF
Delta Forward Voltage AVE Ip=2mA (Note) — —_ 10 | mV
Delta Total Capacitance ACT VR=0.2V, f=100MHz (Note) — — 0.1 | pF

(Note) : Difference between 2 Devices 2 Devices in 1 package.

Marking

B H
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188295

Ip — VF IR — VR
100 100
50
30 Zd 50
/ 30
7 - ——
10 l/’/ _ Tﬂ=7ﬁ
~ 74 <
E 5 y i A K L1
yAVEY/ Y
B3 / =
/ 5
| ; 50 i~
z Ta=175°C 25/ -25 H 3
& 1 o
g (= £
3 o5 7 f © —
m
2 o3 [ 1] @ |
g JAN| 81 s
>
g Al B
& 0.1 / /
é ] 1 0.5
0.05 =~ 03
0.03 / {
0.01 / / 0.1
0 01 02 03 04 05 06 07 08 0 1 2 3 4
FORWARD VOLTAGE Vg (V) REVERSE VOLTAGE VR (V)
Ct — VR
Ta=25°C
B f=1MHz
1
5
=
(8]
Z =]
z 05 — ==
s}
5
< 0.3
S
2
P2t
)
13
0.1
0.1 03 05 1 3 5

REVERSE VOLTAGE VR (V)

120



SILICON EPITAXIAL PLANAR TYPE DIODE

VHF TUNER BAND SWITCH APPLICATIONS.

e  Small Package.
e  Small Total Capacitance :

. Low Series Resistance

MAXIMUM RATINGS (Ta =25°C)

Cr=1.2pF (Max.)

: rg=0.6Q) (Typ.)

188312

Unit in mm

CHARACTERISTIC SYMBOL | RATING | UNIT
Reverse Voltage VR 30 \
Forward Current I 50 mA
Junction Temperature Tj 125 °C
Storage Temperature Range Tste —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

21401
1.2540.1

+0.1

0.3-0

2.0£0.2
1.3£0.1

0.65 065

1
T
i

0.9040.1
0.7

+0.1
0.15-0.05

0~0.1

1. ANODE
2. ANODE
3. CATHODE

JEDEC

EIAJ SC-70

TOSHIBA 1-2P1A

Weight : 0.006g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX. | UNIT
Forward Voltage VF Ip=2mA — — 1085 \Y%
Reverse Current IR VR=15V — — 0.1 | ¢A
Reverse Voltage VR IR=1xA 30 — — \
Total Capacitance Cr VR=6V, f=1MHz — 0.8 1.2 | pF
Series Resistance rg IF=2mA, f=100MHz — 0.6 09 | O

Marking
=
BF
[=| H
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188312

SERIES RESISTANCE rg ()

Ir (A)

FORWARD CURRENT

rg — I
3
Ta=25°C
£=100MHz
1
[ —
—~—]
—
0.5 .
0.3
1 3 5 10 20
FORWARD CURRENT Ip (mA)
) Ip — VR
10 r
f Ta=25°C
I
1
f
1072 I
1073 :
1
1
]
|
1074 ’
0 04 08 12 16 20 24 28

FORWARD VOLTAGE Vg (V)
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TOTAL CAPACITANCE Ct (pF)

Cr - VR
3
Ta=25°C
f=1MHz
i
=S
0.5
0.3
1 3 5 10 20

REVERSE VOLTAGE VR (V)



SILICON EPITAXIAL PLANAR TYPE DIODE

VHF TUNER BAND SWITCH APPLICATIONS.

1SS313

Unit in mm

21401
e  Small Package. 1.25£0.1
e Small Total Capacitance : Cp=1.2pF (Max.) II ! $z
o | @ °
o Low Series Resistance : rg=0.6{2 (Typ.) I ‘
of @ » 3
af =f e 2
MAXIMUM RATINGS (Ta = 25°C) =]
CHARACTERISTIC SYMBOL | RATING UNIT =
Reverse Voltage VR 30 A% E - l ‘l +é'
Forward Current Ip 50 mA Si= : ~ =
Junction Temperature T 125 °C 7
Storage Temperature Range Tste —55~125 °C
1. CATHODE
2. CATHODE
3. ANODE
JEDEC —_
EIAJ SC-70
TOSHIBA 1-2P1A

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Weight : 0.006g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Forward Voltage Vp Ip=2mA — — | 0.85 \%
Reverse Current IR VR=15V — — 0.1 | pA
Reverse Voltage VR IR=1uA 30 — — \
Total Capacitance Cr VR=6V, f=1MHz — 0.8 1.2 | pF
Series Resistance rg IF=2mA, f=100MHz — 0.6 09 | O

Marking
H
BG
= =]
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188313

SERIES RESISTANCE rg ()

Ir (A)

FORWARD CURRENT

rg — If
3
Ta=25°C
f=100MHz
1
e
—
0.5 .
0.3
1 3 5 10 20
FORWARD CURRENT Ip (mA)
Ip — VR
107! T
1 Ta=25°C
|
|
f
1072 I
I
107°
f
|
H
|
|
107 I
0 04 08 12 16 20 24 28

FORWARD VOLTAGE Vg (V)
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TOTAL CAPACITANCE Cr (pF)

Ct — VR
3
Ta=25°C
f=1MHz
N
|
0.5
0.3
1 3 5 10 20

REVERSE VOLTAGE VR (V)



SILICON EPITAXIAL PLANAR TYPE DIODE

VHF TUNER BAND SWITCH APPLICATIONS.

e  Small Package.

e  Small Total Capacitance : Cp=1.2pF (Max.)

o Low Series Resistance

MAXIMUM RATINGS (Ta = 25°C)

: rg=0.5Q (Typ.)

1SS314

Unit in mm

CATHODE MARK

2.5+0.2

0+0.05

CHARACTERISTIC SYMBOL | RATING | UNIT 0151806
Reverse Voltage VR 30 \Y% . %%
Forward Current I 100 mA . 3 3
Junction Temperature T; 125 °C ‘ l ) -
Storage Temperature Range Tste —55~125 °C d
JEDEC —
EIAJ —
TOSHIBA 1-1E1A
Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Forward Voltage VF Ip=2mA — — | 0.85 A%
Reverse Current Ir VR=15V — — 0.1 | xA
Reverse Voltage VR IR=1xA 30 — — v
Total Capacitance Cr VR=6V, f=1MHz — 0.7 1.2 | pF
Series Resistance rg IF=2mA, f=100MHz — 0.5 09| O

Marking
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158314

SERIES RESISTANCE rg ()

IF A

FORWARD CURRENT

rg — I
3
Ta=25°C
f=100MHz
1
~
0.5
]
0.3
0.1
1 3 5 10 30 50 100
FORWARD CURRENT Ip (mA)
. Ip — VR
107 r
f' Ta=25°C
|
|
107?
1078 f
1
{
I
1
|
107t I
0 04 08 12 16 20 24 28

FORWARD VOLTAGE Vg (V)
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TOTAL CAPACITANCE Cp (pF)

Cr - VR
10
Ta=25°C
5 f=1MHz
3
1
-
0.5
0.3
1 3 5 10 30 50

REVERSE VOLTAGE Vg (V)
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SILICON EPITAXIAL SCHOTTKY BARRIER TYPE DIODE 1 Ss31 5

UHF BAND MIXER APPLICATIONS. Unit in mm

:5 +0.
<| 125-0;
B
A
£ 3 3
b +§ £ 0005
MAXIMUM RATINGS (Ta =25°C) —
CHARACTERISTIC SYMBOL | RATING | UNIT 032835 0157006
Maximum (Peak) Reverse Voltage VRM 5 \ . 33
Forward Current Ip 30 mA =
Junction Temperature T; 125 °C \ l
Storage Temperature Range Tste —55~125 °C
JEDEC —
EIAJ —
TOSHIBA 1-1E1A
Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX. [UNIT
Forward Voltage VE Ip=2mA — | 025 | — v
Forward Current Ip VF=0.5V 30 — — | mA
Reverse Current IR VR=0.5V — — 25 LA
Total Capacitance Cr VR=0.2V, f=1MHz — 06 | — pF

Marking

[[ISZI!

127



188315

IF — VF IR — VR
100 100
:
< U / —~
£ 7 3 %0 Ta=75°C ——
10 4 e L1
= SE= - C £ o1 — ]
3[—Ta=75C %/é/-zs o
z / =R 50
I~ /[1/ 2 T
= 1 . 2 3
3 05 7 f 2 | —_
§ [&] | —t
g 03 1 @ L 25 —
: -
g o : 2 o5
g oo 2 03
0.03 11/
0oild / 0.1
0 01 02 03 04 05 06 07 08 0 1 2 3 4 5
FORWARD VOLTAGE Vg (V) REVERSE VOLTAGE VR (V)
Ct - VR
2
Ta=25°C
= f=1MHz
e 1
o
=
o
S ==
g 05 I
S
<
% 03
o
=}
<
&
=
0.1
0.1 03 05 1 3 5

REVERSE VOLTAGE VR (V)
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SILICON EPITAXIAL PLANAR TYPE DIODE

VHF TUNER BAND SWITCH APPLICATIONS

¢  Small Package.

e  Small Total Capacitance

e Low Series Resistance

MAXIMUM RATINGS (Ta = 25°C)

: C7=1.2pF (Max.)
: rg=0.6Q (Typ.)

153364

Unit in mm

1.6+0.2
0.8+0. 1

oo
[ &

0.7£0.1
0. 55

0.15+0.05

129

10
CHARACTERISTIC SYMBOL | RATING | UNIT 13

1. ANODE
Reverse Voltage VR 30 Vv 20 2. ANODE

3. CATHODE
Forward Current Ip 50 mA
Junction Temperature Tj 125 °C JEDEC —_
Storage Temperature Range Tstg —55~125 °C EIAJ —

TOSHIBA 1-2S51B
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. [UNIT
Forward Voltage Vr Ip=2mA — — 085 V
Reverse Current Ir VR=15V — — 01| rA
Reverse Voltage VR IR=1xA 30 | — — \%
Total Capacitance Cr VR=6V, f=1MHz — 0.85 1.2 | pF
Series Resistance rg IF=2mA, f=100MHz — 06| 09| Q

Marking
=
B F
=] =




188364

(9}

SERIES RESISTANCE ry

FORWARD CURRENT If (A)

0.5

0.3

107!

1072

rg — Ip
Ta=25°C
f=100MHz
—
]
3 5 10 20

FORWARD CURRENT Ip (mA)

I — VF

Ta=25°C

el

Pr——

0.4 0.8 1.2 1.6 2.0 2.4 2.8
FORWARD VOLTAGE Vg (V)
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TOTAL CAPACITANCE Cp (pF)

0.5

0.3

Cr -VR
Ta=25°C
f=1MHz
T T P —
3 5 10

REVERSE VOLTAGE VR (V)
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SILICON EPITAXIAL PLANAR TYPE DIODE

VHF TUNER BAND SWITCH APPLICATIONS.

® Small Package
e  Small Total Capacitance :

® Low Series Resistance

MAXIMUM RATINGS (Ta =25°C)

Cr=1.0pF (Max.)

1 rg=0.6Q) (Typ.)

1SS3171

Unit in mm

CHARACTERISTIC SYMBOL | RATING | UNIT
Reverse Voltage VR 30 \Y%
Forward Current Ip 100 mA
Junction Temperature Tj 125 °C
Storage Temperature Range Tsig —55~125 °C

CATHODE MARK

,L_LEEEEEQ 013i3éi

T
ol Bl
=
slsy

JEDEC —

EIAJ —

TOSHIBA 1-1F1A
ELECTRICAL CHARACTERISTICS (Ta = 25°C) Weight : 1.9mg

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Forward Voltage VF Ip=2mA — — 0.82 \Y%
Reverse Current IR VR=15V — - 50 | nA
Reverse Voltage VR IR=1xA 30 — — \Y%
Total Capacitance Cr VR=6V, f=1MHz — 0.7 1.0 pF
Series Resistance rg Ip=2mA, f=100MHz — 0.6 0.9 QO
MARKING
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188371

SERIES RESISTANCE rg ()

(A)

Ip

FORWARD CURRENT

rg — I
3
Ta=25°C
£=100MHz
1
0.5 ]
|
0.3
0.1
1 3 5 10 30
FORWARD CURRENT Ip (mA)
Ip — VF
107! '
f Ta=25C
I
]
|
107?
107® I
f
i
I
|
|
107
0 04 08 12 16 20 24 28

FORWARD VOLTAGE Vg (V)
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(pF)

TOTAL CAPACITANCE Ct

Cr - VR
10
Ta=25°C
f=1MHz
5
3
1
-
0.5
0.3
1 3 5 10 30 50 100
REVERSE VOLTAGE VR (V)



SILICON EPITAXIAL PLANAR TYPE PIN DIODE 1 svgg

RF ATTENUATOR APPLICATIONS. Unit in mm

RF BAND SWITCH APPLICATIONS.
5.1 MAX |
NERE
IRIERE:
{ X
127 LR7
<
s ;
(oo
MAXIMUM RATINGS (Ta = 25°C) =
CHARACTERISTIC SYMBOL RATING UNIT 1. ANODE
2. N.C.
Reverse Voltage VR 50 Vv 3. CATHODE
Forward Current Ip 50 mA JEDEC TO-92MOD
Junction Temperature Tj 125 °C EIAJ —
Storage Temperature Range Tste —55~125 °C TOSHIBA 1-5H1A
Weight : 0.2g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage Vg Ip=50mA — 0.9 — \Y
Reverse Current IR VR=50V — — 0.1 pA
Total Capacitance Cr VR=30V, f=1MHz — 0.3 0.5 pF
Series Resistance rg Ip=10mA, f=100MHz — 7 10 Q
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Cr - VR

Ip — Vp

1SV99
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AMBIENT TEMPERATURE Ta (°C)

134

FORWARD CURRENT Ip (A)



SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

FM TUNER APPLICATIONS.

1SV1

01

Unit in mm

4.2 MAX,
o High Capacitance Ratio : Cgy/Cqgy=2.0~2.7 : ’ : >§< g
. Low Series Resistance 1 rg=0.3Q (Typ.) ! l : 3 3
T P——A'
. Small Package. M&J A o
¢ Low Tuning Voltage Range 3V-9vV H I i
0.4 h —
ﬂ
S
[ L L] x
S muE
o
LA
267
MAXIMUM RATINGS (Ta = 25°C)
1. ANODE
CHARACTERISTIC SYMBOL RATING UNIT 9. CATHODE
Reverse Voltage VR 15 A% JEDEC —_
Junction Temperature T; 125 °C EIAJ —
Storage Temperature Range Tstg —55~125 °C TOSHIBA 1-4E1A
Weight : 0.9g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=10A 15 — — v
Reverse Current IR VR=15V — — 10 nA
Capacitance Cav VR=3V, f=1MHz 28 — 32 pF
Capacitance Cov VR=9V, f=1MHz 12 — 14 pF
Capacitance Ratio Cgy/Cov — 2.0 — 2.7
Series Resistance ry C=30pF, f=50MHz — 0.3 0.5 Q

Note: Units are compounded in one package and are matched to 3%.

C(Max.)—C(Min.)

C(Min. )

= 0.03

(VR=3V-9V)

and capacitance is classified as Table 1.
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1SV101

Table 1: Address classification of capacitance

TEST CONDITION : f= 1MHz, Ta =25°C Unit : pF

No. Cav Csv Crv Cov
1 28.20~29.04 20.50~21.11 15.65~16.11 12.066~12.427
2 28.85~29.71 20.97~21.59 16.01~16.49 12.343~12.713
3 29.51~30.39 21.44~22.08 16.38~16.87 12.627~13.005
4 30.19~31.09 21.94~22.59 16.76~17.26 12.917~13.304
5 30.89~31.81 22.45~23.12 17.15~17.66 13.214~13.610
6 292.97~23.65 17.54~18.06 13.518~13.923
7 23.49~24.19 17.94~18.47

(1) The capacitance value of address classification is shown with confidence to at least
10.5% accuracy.
(2) The address is specified in the compounded package (or label).

4 -3 -2 -1

Example (C3v) (C5v) (C7v) (Covy)
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CAPACITANCE C (pF) REVERSE CURRENT

FIGURE OF MERIT Q
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV102

AM RADIO BAND TUNING APPLICATIONS.

Unit in mm
4.2 MAX
e  High Capacitance Ratio : Coy/Co5v =23 (Typ.) é i E E
. 1 (x4
« High Q : Q=400 (Typ.) M sl 9
e  Small Package. 055 MAX, | _&‘_C:i =
® =
04 o
S |
0w w
g:lz 127 127 & E’;l
L e
N1 2 _—L g
0
(34
E/‘:O
MAXIMUM RATINGS (Ta = 25°C)
1. ANODE
CHARACTERISTIC SYMBOL | RATING | UNIT 5 CATHODE
Reverse Voltage VR 30 A% JEDEC —
Junction Temperature Tj 125 °C EIAJ —
Storage Temperature Range Tste —55~125 °C TOSHIBA 1-4E1A

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Weight : 0.09g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=104A 30 — — \
Reverse Current IR VR=30V — — 50 nA
Capacitance Cov VR=2V, f=1MHz 360 — 460 pF
Capacitance Cosv VR=25V, f=1MHz 15 — 21 pF
Capacitance Ratio Cov/Cosv — 20 23 —

Figure of Merit Q Vg=2V, f=1MHz 200 | 400 —

Note: Available in matched group for capacitance to 3.0%.
C(Max. )—C(Min.)

C(Min.)

= 0.03

(VR=2V-25V)

and capacitance is classified as Table 1.
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Table 1: Capacitance Data

TEST CONDITION : f= TMHz, Ta = 25°C Unit : pF
No. Cav Ciov Caov Casv

1 363.9~374.8 75.67~77.93 17.41~17.93 15.34~15.80
2 372.9~384.0 77.53~79.85 17.83~18.36 15.72~16.19
3 382.0~393.4 79.45~81.83 18.26~18.80 16.10~16.58
4 391.4~403.1 81.42~83.86 18.70~19.26 16.48~16.97
5 401.1~413.1 83.44~85.94 19.16~19.73 16.87~17.37
6 411.0~423.3 85.50~88.06 19.63~20.21 17.27~17.78
7 421.1~433.7 87.61~90.23 20.10~20.70 17.68~18.21
8 431.5~444 .4 89.77~92.46 20.58~21.19 18.11~18.65
9 442.0~455.2 91.98~94.73 21.07~21.70 18.55~19.10

10 94.25~97.07 21.58~22.22 19.00~19.57

11 96.57~99.46 22.10~22.76 19.47~20.05

12 98.96~101.92 22.64~23.31 19.95~20.54

13 101.40~104.44 23.19~23.88

14 103.92~107.03 23.76~24.47

15 106.49~109.68 24.33~25.05

16 109.12~112.39 24.91~25.65

17 111.82~115.17 25.51~26.27

18 114.59~118.02 26.13~26.91

19 26.77~27.57

(1) This table is not selection guide, which means only to show the data.

(2) The number on the vinyl package (on the label in the vinyl package) is to show the

EXAMPLE :

4 - 3
(Cov) (Ciov)

capacitance data at each voltage in a matched group.
- 2 -1
(Co0v) (C25v)

(3) The absolute capacitance value is in £0.5%
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

FM .RADIO BAND TUNING APPLICATIONS.

1SV103

Unit in mm

4.2 MAX,
R
e  Low Series Resistance : rg=0.35Q (Typ.) :: E g
e Small Package. | | : i
0.55MAX, lll— 3
- [ =4
1 o &
S -
04 b
ﬁ] o
) T2}
@ 127 127 A2
=1 | | ‘1’ .
12 s/ %
MAXIMUM RATINGS (Ta = 25°C) LS —
250
CHARACTERISTIC SYMBOL RATING UNIT 1. ANODE 1
2. CATHODE
Reverse Voltage VR 32 \Y% 3. ANODE 2
Junction Temperature T; 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ —
TOSHIBA 1-4E2A
ELECTRICAL CHARACTERISTICS (Ta = 25°C) Weight : 0.13g
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=10xA 32 — — \Y%
Reverse Current IR VR=30V — — 50 nA
Capacitance C3vy VR=3V, f=1MHz 37 — 42 pF
Capacitance C3ov VR=30V, f=1MHz 13.2 — 16.2 pF
Capacitance Ratio C3v/C3ov — 2.6 — 2.9
Series Resistance rs C=20pF, f=50MHz (Note) | — | 0.35 | 0.60 Q
Note : rg Test circuit
Hi o Aq
Q METER
T |K 10‘\(/)\1/%0
H.P *
y &1
MODEL 4342A S VR
Ao — T

Loo

C is A1-Ag Capacitance.
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NORMALIZED TUNING FREQUENCY

REVERSE CURRENT IR (A) CAPACITANCE C (pF)
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PIGURE OF MERIT Q

VARIATION OF CAPACITANCE
3C(Temp.)/ C(25) (%)
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SILICON EPITAXIAL PIN TYPE DIODE

VHF~UHF BAND RF ATTENUATOR APPLICATIONS.

e  Small Package

e  Small Total Capcitance

MAXIMUM RATINGS (Ta = 25°C)

: C7=0.25pF (Typ.)

1SV128

Unit in mm

+0.5
R5—-03

+0.25
1.b—015

+01
0.4—005

29x02
19
G.95_ 095

+01

+0.2

11-02

I

ll.016-a0s

0~01

|

10
CHARACTERISTIC SYMBOL | RATING | UNIT \‘\:] 3
1. ANODE
Reverse Voltage VR 50 Vv 2 2. N.C.
3. CATHODE
Forward Current Ip 50 mA
Junction Temperature Tj 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ SC-59
TOSHIBA 1-3G1B
Weight : 0.012g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=10A 50 | — — v
Reverse Current IR VR=50V — — 0.1 | xA
Forward Voltage Vr Ip=50mA — | 095 | — v
Total Capacitance Cr VR=50V, f=1MHz — 0.25 | — pF
Series Resistance rg Ip=10mA, f=100MHz — 7| — Q
Minority Carrier Life Time T Ip=10mA. IR =6mA — 400 | — ns

Marking
H
B B
= =]
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Ct — VR rsg — IF
f=1MHz 1 LIS 026 He m Ta=25C
& Ta=25°C ~ SN
= 1 € 500 :::jFﬁ
& © 30004 ’/ 7?
- H0.6 2/
g 5} 08 |10
Z 05 g 100k N ﬁ
- = E oot
5] T~ 7]
< S~— B 30 HH
& 03 ] o=
o B 4] N 1.0
K] 2 10 S
g 5]«7 5 t 0.8 H
=4 3 i ] 0.6 11
1l f=0.2GHz 0.4 T
0.1
1 3 5 10 30 50 10u 1004 1m 10m
REVERSE VOLTAGE VR (V) FORWARD CURRENT Ip (A)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

FM RADIO BAND TUNING APPLICATIONS.

Low rg : rg=0.3Q (Typ.)

*

Small Package

1SV14]

Unit in mm

4.2 MAX.

3. 2MAX.

| I_:Fl

_G55MAX, [

127MIN.

Q.4

MAXIMUM RATINGS (Ta = 25°C) a1z O §i
CHARACTERISTIC SYMBOL | RATING | UNIT e
Reverse Voltage VR 15 A% &*‘—Z—*—N-
Junction Temperature T; 125 °C “
Storage Temperature Tsig —55~125 °C é éz?fll)(l)anlE 192
3. ANODE 2
JEDEC —
EIAJ —
TOSHIBA 1-4E2A

ELECTRICAL CHARACTERISTICS (Ta =25°C)

Weight : 0.13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX.|UNIT
Reverse Voltage VR IR=10,A 15| — — \Y
Reverse Current Ir VR=15V — — 50 | nA
Capacitance Cavy VR=3V, f=1MHz 285 | — | 325 | pF
Capacitance Cav VR=8V, f=1MHz 11.7 | — | 18.7 | pF
Capacitance Ratio Cav/Cgv — 21| — 26 | —
Series Resistance I C=30pF, f=50MHz (Note) — 0.3 0.5 Q

Note: rg test circuit

Hi o Aq
Q METER
K 100kQ
HP
MODEL 4342A VR

Lo o
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18V147

TEST CONDITION (f = 1MHz, Ta =25°C)

Table 1: Capacitance Data

No. Cov Cav Cev Cgv
1 34.70 ~ 35.74 28.60 ~ 29.45 16.80 ~ 17.30 11.72 ~ 12.07
2 35.56 ~ 36.62 29.31 ~ 30.18 17.21 ~ 17.72 12.01 ~ 12.37
3 36.44 ~ 37.53 30.03 ~ 30.93 17.63 ~ 18.15 12.31 ~ 12.67
4 37.35 ~ 38.47 30.77 ~ 31.69 18.06 ~ 18.60 12.61 ~ 12.98
5 38.27 ~ 39.41 31.53 ~ 32.47 18.50 ~ 19.05 12.92 ~ 13.30
6 18.95 ~ 19.51 13.23 ~ 13.62

(1) Available in matched group for capacitance to 3.0%.

CMax.) — C(Min.)

C(Min.)
and capacitance is classified as Table 1.

= 0.03 (VR=2~8V)

(2) Cavy, Cgvy, Cgy and Cgy are A1-Ag capacitance.
(3) This table is not selection guide, which means only to show the data.

(4) The number on the vinyl package (on the lable in the vinyl package)is to show the
capacitance data at each voltage in a matched group.

EXAMPLE: 5 — 4 —- 3 - 2
(Coy) (Cgy) (Cgy) (Cgy)

(5) The absolute capacitance value is in +0.5%.
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CAPACITANCE C (pF)

Q

PIGURE OF MERIT

VARIATION OF CAPACITANCE
3C(Temp.)/ C(25) (%)

1SV1417
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV149

AM RADIO BAND TUNING APPLICATIONS.

e High Capacitance Ratio :

C1v/Cgy=15Min.)

Unit in mm

e High Q : Q=200 (Min.)

e  Small Package

e Low Voltage Operation : 1V-8V

MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT

Reverse Voltage VR 15 A%
Junction Temperature T; 125 °C
Storage Temperature Range Tste —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta =25°C)

3.2 MAX,

12.7MIN,

0.4

H |
3 127 127 § El
Ly oy | :
_1 e W ‘L E\‘
\ / 3
LA
25°
1. ANODE
2. CATHODE
JEDEC —
EIAJ —
TOSHIBA 1-4E1A

Weight : 0.09g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=10.A 15 | — — \Y
Reverse Current IR VR=15V — — 50 | nA
Capacitance Civ VR=1V, f=1MHz 435 | — 540 | pF
Capacitance Cgvy VR=8V, f=1MHz 199 | — |[30.0 | pF
Capacitance Ratio Civ/Cgv — 150 | 195 | — —
Figure of Merit Q VR=1V, f=1MHz 200 | — — —

Note: Available in matched group for capacitance to 2.5%.
C(Max.) — C(Min.)

CMin.)

= 0.025 (VR=1V~8V)

and capacitance is classified as Table 1.
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Table 1: Capacitance Data

1SV149

TEST CONDITION (f = 1MHz, Ta =25°C) Unit: pF

No. Civ Cav Csv Cgv
1 438.0 ~ 448.9 140.00 ~ 143.51 55.00 ~ 56.37 20.00 ~ 20.50
2 446.7 ~ 457.9 142.81 ~ 146.38 56.09 ~ 57.49 20.40 ~ 20.91
3 455.7 ~ 467.0 145.66 ~ 149.31 57.21 ~ 58.64 20.81 ~21.33
4 464.8 ~ 476.3 148.57 ~ 152.29 58.36 ~ 59.81 21.23 ~ 21.76
5 474.1 ~ 485.9 151.55 ~ 155.34 59.53 ~ 61.01 21.66 ~ 22.19
6 483.5 ~ 495.6 154.58 ~ 158.45 60.71 ~ 62.23 22.09 ~ 22.63
7 493.2 ~ 505.5 157.67 ~ 161.6 61.93 ~ 63.47 22.53 ~ 23.08
8 503.1 ~ 515.6 160.8 ~ 164.8 63.17 ~ 64.75 22.98 ~ 23.54
9 513.2 ~ 526.0 164.0 ~ 168.1 64.43 ~ 66.04 23.44 ~ 24.01
10 523.4 ~ 536.5 167.3 ~ 1715 65.72 ~ 67.36 23.91 ~ 2450
11 170.7 ~ 174.9 67.04 ~ 68.71 24.38 ~ 24.99
12 174.1 ~ 178 4 68.37 ~ 70.08 24.87 ~ 25.49
13 177.6 ~ 182.0 69.74 ~ 71.48 25.37 ~ 26.00
14 181.2 ~ 185.6 71.14 ~ 72.92 25.88 ~ 26.52
15 184.8 ~ 189.3 72.56 ~ 74.37 26.40 ~ 27.05
16 188.5 ~ 193.1 74.01 ~ 75.85 26.93 ~ 27.59
17 192.3 ~ 197.0 75.49 ~ 77.37 27.47 ~ 28.15
18 196.2 ~ 201.0 76.99 ~ 78.91 28.01 ~ 28.71
19 200.0 ~ 205.0 78.53 ~ 80.49 28.57 ~ 29.28
20 204.0 ~ 209.1 80.09 ~ 82.10 29.14 ~ 29.86
21 208.1 ~ 213.3 81.70 ~ 83.74

22 212.3 ~ 217.6 83.34 ~ 85.42

23 216.6 ~ 221.9 85.00 ~ 87.12

24 220.9 ~ 226.3 86.70 ~ 88.87

25 225.3 ~ 230.8 88.43 ~ 90.64

26 229.8 ~ 235.4 90.20 ~ 92.46

27 234.4 ~ 240.1 92.00 ~ 94.30

28 239.1 ~ 245.0 93.84 ~ 96.18

29 243.8 ~ 249.9 95.72 ~ 98.11

30 97.63 ~ 100.07

31 99.59 ~ 102.08

32 101.58 ~ 104.12

(1) This table is not selection guide, which means only to show the data.

(2) The number on the vinyl package (on the label in the vinyl package)is to show the
capacitance data at each voltage in a matched group.
EXAMPLE: 4 - 3 - 2 -1
(C1v) (Cgv) (Csv)  (Cgy)
(3) The absolute capacitance value is in £0.5%.
(4) Cgy Classification

A : Address No.1~7
B : Address No.8~14
C: Address No.14~20
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FIGURE OF MERIT Q CAPACITANCE C (pF)

VARIATION OF CAPACITANCE
3C(Temp.)/ C(25) (%)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV133

TV TUNING. Unit in mm
T
e  High Capacitance Ratio : Coy/Co5v=6.5(Typ.) ?i
- A
e Low Series Resistance : rg=0.45Q (Typ.) D ] I
o X
o Excellent C-V Characteristics, and Small Tracking Error. : g E
0
e Useful for Small Size Tuner. ? é
T < =
S S
g
MAXIMUM RATINGS (Ta = 25°C) -]
CHARACTERISTIC SYMBOL | RATING | UNIT S o1s
5 025
Reverse Voltage VR 30 Y e
35 o 1 1
Peak Reverse Voltage VRM (Rp,=10k() A%
Junction Temperature Tj 125 °C ; gﬁ'l‘o%%DE
Storage Temperature Range Tsig —55~125 C JEDEC —
EIAJ —
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Reverse Voltage VR IR=14A 30| — — \Y%
Reverse Current IR VR=28V — — 10| nA
Capacitance Cov VR=2V, f=1MHz 1416 | — |16.25 | pF
Capacitance Cosv VR=25V, f=1MHz 211} — 2.43 | pF
Capacitance Ratio Coy/Cosv — 590| 6.50 | 7.15 | —
Series Resistance rg C=9pF, f=470MHz — | 045 06| O

Note 1
C (Max.) —C (Min.)
C (Min) =0.025
(VR=2~25V)
Note 2 :

(n=1)

Quantity in a package must be 4Xn pes.

151

: Units are compounded in one package and are matched to 2.5%.

Marking

iy

T1

g’y
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SERIES RESISTANCE rg ()
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV133A

TV TUNING Unit in mm
105688 g
o  High Capacitance Ratio : Cgy/Co5v=6.5(Typ.) i _Jf?
e  Low Series Resistance : rg=0.4Q) (Typ.) 0 P l
£
. Excellent C-V Characteristics, and Small Tracking Error. # E E
. Useful for Small Size Tuner. N §
= 5 [ é
H ©
MAXIMUM RATINGS (Ta = 25°C) e
065 | \—1t
CHARACTERISTIC SYMBOL | RATING | UNIT .
0.640.1 5z JLois
Reverse Voltage VR 30 v E
1
35 D I]
Peak Reverse Voltage VRM (Rp,=10kQ) v I
Junction Temperature Tj 125 °C 1. CATHODE
2. ANODE
Storage Temperature Range Tstg —~55~125 °C
JEDEC —
EIAJ —
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX.|UNIT
Reverse Voltage VR IR=1xA 30| — — \Y%
Reverse Current IR VR =28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 14.16 | — |16.25 | pF
Capacitance Cosv VR=25V, f=1MHz 211 — 243 | pF
Capacitance Ratio Cov/Cosv — 590 6.50 | 7.15| —
Series Resistance ry VR=5V, f=470MHz — 04] 055| Q

Note 1

C (Max.) —C (Min.)

C (Min.)

Note 2 :
(n=1)

<0.025 (VR =2~25V)

Quantity in a package must be 4Xn pcs.

153

: Units are compounded in one package and are matched to 2.5%.

Marking
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SERIES RESISTANCE rg (Q)

CAPACITANCE CHANGE RATIO d¢ (%)
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE 1 SV-l 60

AFC APPLICATION FOR FM RECEIVER Unit in mm
+0.5
25-03
e  Small Package. +0.25
1.5-0.15
. Low Series Resistance ¢ rg=0.7Q (Typ.) t

+0.1
0.4 -0.05

mm

29+0.2
1.9
0.95  0.95
I SR ——
I
w

+0.1
0.16-0.06

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT 'q Hs é
Reverse Voltage VR 15 \ 2 E/e/ ; Ki\?ODE
Junction Temperature Tj 125 °C 3. CATHODE
Storage Temperature Range Tstg —55~125 °C JEDEC —
EIAJ SC-59

TOSHIBA 1-3G1A
Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Reverse Current Ir VR=4V — — 100 | nA
Reverse Voltage VR IR=10xA 15 | — — A%
Total Capacitance Cr VR=4V, f=1MHz 7 — 14 | pF
Capacitance Ratio C2V/C4V — 1.2 | — 1.5 —
Series Resistance rs VR =4V, f=50MHz — 071 12| Q

Marking
Type Name
=
¥
V1
=H o
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TOTAL CAPACITANCE Ct (pF)

FIGURE OF MERIT Q
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV1

61

CATV TUNING. Unit in mm
15058 b .
e  High Capacitance Ratio : Cgy/Co5yv=10.5(Typ.) = 75
A ~
o Low Series Resistance : rg=0.6{) (Typ.) D [ I 9
2
. Excellent C-V Characteristics, and Small Tracking Error. ? = E
0
€3]
e  Useful for Small Size Tuner. ? §
AL % [ E
MAXIMUM RATINGS (Ta = 25°C) 97
a5 |\t
CHARACTERISTIC SYMBOL | RATING | UNIT 06401 5l = 015
5 jl.e15
Reverse Voltage VR 30 A% N ©
, 35 " l
Peak Reverse Voltage VRM (Rp,=10kQ) A%
Junction Temperature Tj 125 °C ; gﬁg]{)%DE
Storage Temperature Range Tstg —55~125 C JEDEC —
EIAJ —
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX. |UNIT
Reverse Voltage VR IR=1xA 30 — — \Y%
Reverse Current Ir VR =28V — — 10 nA
Capacitance Cov VR=2V, f=1MHz 26 — 32 pF
Capacitance Cosv VR=25V, f=1MHz 2.5 — 3.2 pF
Capacitance Ratio Covy/Cosv — 9.5 | 10.5 — —
Series Resistance ry VR=5V, f=470MHz — 0.6 | 0.8 Q

Note 1 : Available in matched group for capacitance to 2.5%.

C (Max.) —C (Min.)
C (Min) =0.025 Marking
(VR=2~25V)

Note 2 : Quantity in a package must be 4Xn pcs. (n=1)
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1SV161

CAPACITANCE Cy (pF)

SERIES RESISTANCE rg ()
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FREQUENCY f (MHz)
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SERIES RESISTANCE rg (Q)

CAPACITANCE CHANGE RATIO d¢ (%)
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SILICON EPITAXIAL PIN TYPE DIODE

VHF~UHF BAND RF ATTENUATOR APPLICATIONS.

MAXIMUM RATINGS (Ta = 25°C)

Unit

1SV172

in mm

29+0.2
1.9
0.95_0.95
L

1

o
20

[

+0.1
0.16-0.06

0~0.1

CHARACTERISTIC SYMBOL [ RATING | UNIT
Reverse Voltage VR 50 AV 1. ANODE 1
2. CATHODE 2
Forward Current Ig 50 mA 3. CATHODE 1/ANODE 2
Junction Temperature T; 125 °C JEDEC —_
Storage Temperature Range Tstg —55~125 °C EIAJ SC-59

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

TOSHIBA 1-3G1G

Weight : 0.013g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [ MAX. | UNIT
Reverse Voltage VR IR=10A 50 | — — v
Reverse Current IR VR=50V — — 0.1 | wA
Forward Voltage VF Ip=50mA — | 095 | — \Y%
Total Capacitance (Note) Cr VR=50V, f=1MHz — 0.25 | — pF
Series Resistance rg Ip=10mA, f=100MHz — 71 — Q

Note: Cr is measured by 3 terminal method with capacitance bridge.

Marking
Type Name
=
¥
B E
= Hd
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TOTAL CAPACITANCE Cr (pF)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

UHF SHF TUNING

FEATURES:
e High Capacitance Ratio : C2V/C25V=5.2(Typ.)
o  Low Series Resistance ¢ rg=1.2Q (Typ.)

e  Excellent C-V Characteristics, and Small Tracking Error.

1SV186

Unit in mm

[ |
S5MIN,

+02

1177

CATHODE MARK

L
06
2802

1\

ass { I—r 1
06£0.1 L ﬁ Q15
06401 | z BRINCRE:R
MAXIMUM RATINGS (Ta = 25°C) o
CHARACTERISTIC SYMBOL | RATING | UNIT 1
Reverse Voltage VR 30 A% 1. CATHODE
35 2. ANODE
Peak Reverse Voltage VRM (R, =10k0) A% JEDEC _
Junction Temperature Tj 125 °C EIAJ —
Storage Temperature Range Tstg —55~125 °C TOSHIBA 1-2J1A

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Weight : 0.02g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Reverse Voltage VR IR=1xA 30 | — — A%
Reverse Current IR VR=28V — — 10 | nA
Capacitance ca2v VR=2V, f=1MHz 3.31 —_ 455 | pF
Capacitance C25V VR=25V, f=1MHz 0.66 | — 0.82 | pF
Capacitance Ratio C2v/C25V| — 4.5 5.2 6.0 | —
Series Resistance ry VR=1V, f=470MHz — 1.2 | 20| Q

Marking

Note 1 : Units are compounded in one package and are

matched to 6.0%

C (Max.) —C (Min.)
C (Min.)

(VR=2~25V)

= 0.06

Note 2 :Quantity in a package must be 4 X n pes. (n=1)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

TV VHF UHF TUNER AFC

1SvV204

Unit in mm

157018 .
BEN
] 1
2 :
5 g
] « S
=]
+H
— 8 g
065 1 1
06401 5 2 lois
=
MAXIMUM RATINGS (Ta = 25°C) Pt
CHARACTERISTIC SYMBOL | RATING | UNIT J
Reverse Voltage VR 30 A% 1. CATHODE
35 2. ANODE
Peak Reverse Voltage VRM (Rp,=10k0) \Y JEDEC _
Junction Temperature Tj 125 °C EIAJ -
Storage Temperature Range Tstg —55~125 °C TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX.|UNIT
Reverse Voltage VR IR=1xA 30 | — — A%
Reverse Current IR VR =28V — | — 10 | nA
Capacitance c2v VR=2V, f=1MHz 105 | — 16 | pF
Capacitance C1ov VR=10V, f=1MHz 33| — 5.7 | pF
Capacitance Ratio C2v/ClovV| — 2.5 | — 34| —
Series Resistance rg VR=5V, f=470MHz — — 1.2 | Q

Marking
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1SV204

()]

CAPACITANCE CHANGE RATIO

SERIES RESISTANCE
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NOTE
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV211

CATV TUNING. Unit in mm
+025 =
15-015 P o
e  High Capacitance Ratio : C2V/C25V=12.5 (Typ.) % 1 S
e  Excellent C-V Characteristics, and Small Tracking Error. — I .
e  Useful for Small Size Tuner. : g E
5 A
2 2
5]
] o S
S
© H
sl a
0.65 — 1
06+0.1 5 E' lais
=
MAXIMUM RATINGS (Ta = 25°C) o
1
CHARACTERISTIC SYMBOL | RATING | UNIT I
Reverse Voltage VR 30 A% 1. CATHODE
35 2. ANODE
Peak Reverse Voltage VRM (R, =10k0) C JEDEC _
Junction Temperature Tj 125 °C EIAJ —
Storage Temperature Range Tstg —55~125 °C TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Reverse Voltage VR IR=1xA 30| — — A%
Reverse Current IR VR=28V — — 10 | nA
Capacitance c2v VR=2V, f=1MHz 33 36 39 | pF
Capacitance C25V VR=25V, f=1MHz 26| 288 | 32| pF
Capacitance Ratio C2v/C25V| — 115 | 125 | — —
Series Resistance rg VR =5V, f=470MHz — [ 083] 10| Q

Marking

Note 1 :Available in matched group for capacitance to 2.5%.

C (Max.) —C (Min.)

= 0.025

C (Min.)
(VR=2~25V)

Note 2 :Quantity in a package must be 4 X n pcs. (n=1)
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«Q)

CAPACITANCE CHANGE RATIO

SERIES RESISTANCE
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NOTE
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE 1 SV21 2

VCO FOR UHF BAND RADIO Unit in mm
+025 -
157015 S « o
e  Ultra Low Series Resistance: rg=0.2Q (Typ.) ‘4§‘: I $<
«  Useful for Small Size Set — .
N (-1
z
g ]
© 3]
“’ 8
&
] « S
=]
© H
— S| &
ass Jl—rt
06401 5 E: Jlols
MAXIMUM RATINGS (Ta = 25°C) E
CHARACTERISTIC SYMBOL | RATING | UNIT N U
Reverse Voltage VR 15 v 1. CATHODE
Junction Temperature Tj 125 °C 2. ANODE
Storage Temperature Range Tstg —55~125 °C JEDEC —_
EIAJ —_
TOSHIBA 1-2J1A

Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1xA 15| — — A%
Reverse Current IR VR=15V — — 3| nA
Capacitance c2v VR=2V, f=1MHz 14 15 16 | pF
Capacitance C1oV VR=10V, f=1MHz 5.5 6 6.5 pF
Capacitance Ratio Cc2v/C1ov| — 2.0 2.5 | — —_
Series Resistance rg VR=5V, f=470MHz — 02| 04| Q

Marking

Dg:\l T8 [ (]

Cathode Mark
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1SV212
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NOTE
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CAPACITANCE Cvy (pF)
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE 1 SV21 4

TV TUNING. Unit in mm
e  High Capacitance Ratio : C2V/C25V=6.5 (Typ.) % +0
< 1.25-0,
. Low Series Resistance : rg=0.4Q) (Typ.) i
a
o  Excellent C-V Characteristics, and Small Tracking Error. g | ag o
2 +1| 4
e Useful for Small Size Tuner. © 5 < 40005
MAXIMUM RATINGS (Ta = 25°C) 0s 035 015006
CHARACTERISTIC SYMBOL | RATING | UNIT %%
Reverse Voltage VR 30 v | g_ °
35 \ )
Peak Reverse Voltage VRM (R, =10k () \' —
Junction Temperature Tj 125 °C
Storage Temperature Range Tstg —55~125 °C
JEDEC —
EIAJ —
TOSHIBA 1-1E1A

Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Reverse Voltage VR IR=1xA 30| — — \
Reverse Current IR VR =28V — — 10| nA
Capacitance c2v VR=2V, f=1MHz 14.16| — [16.25| pF
Capacitance C25V VR=25V, f=1MHz 211 — 2.43| pF
Capacitance Ratio C2V/C25V — 590 | 6.50 | 7.15( —
Series Resistance rg VR=5V, f=470MHz — 04| 055 Q)

Note 1 : Units are compounded in one package and are matched to 2.5%.

C(Max.) —C(Min.) _ Marking
=0.02
C(Min.) 0.025

(VR=2~25V)
EEI TI D
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CAPACITANCE Cy (pF)
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SERIES RESISTANCE rg ()

CAPACITANCE CHANGE RATIO d¢c (%)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV215

CATV TUNING. Unit in mm
o  High Capacitance Ratio : Cgy/Cg5v =10.5 (Typ.) i
<
e  Low Series Resistance : rg=0.6{)(Typ.) i
a
e  Excellent C-V Characteristics, and Small Tracking Error. E
<
e  Useful for Small Size Tuner. © J£005
J +0.1
1.0.15-0.06
MAXIMUM RATINGS (Ta = 25°C) e
12 + 1
CHARACTERISTIC SYMBOL | RATING UNIT l 3
Reverse Voltage VR 30 v \ ’ 7 |
35
Peak Reverse Voltage VRM (Rp,=10kQ) v
Junction Temperature Tj 125 °C
Storage Temperature Range Tste —55~125 °C JEDEC _
EIAJ —
TOSHIBA 1-1E1A
Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Reverse Voltage VR IR=14A 30 — — \4
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 26 — 32 pF
Capacitance Cosv VR=25V, f=1MHz 2.5 — 3.2 pF
Capacitance Ratio Coy/Cosv — 95 | 105 | — —
Series Resistance rg VR=5V, f=470MHz — 0.6 | 0.8 9)

Note 1 : Available in matched group for capacitance to 2.5%.

C (Max.) — C (Min.)

C (Min.)

= 0.025

(VR=2~25V)

m

Marking
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SERIES RESISTANCE rg (Q)

CAPACITANCE CHANGE RATIO d¢ (%)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

TV VHF UHF TUNER AFC

1SV216

Unit in mm

CATHODE MARK

0+005

MAXIMUM RATINGS (Ta =25°C)
CHARACTERISTIC SYMBOL | RATING | UNIT
Reverse Voltage VR 30 A\
35
Peak Reverse Voltage VRM (R, =10k () \Y
Junction Temperature Tj 125 °C
Storage Temperature Range Tstg —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

+0.1
0.15-0.06

JEDEC

EIAJ

TOSHIBA 1-1E1A

Weight : 0.004g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Reverse Voltage VR IR=1xA 30 | — — \
Reverse Current IR VR=28V — — 10 nA
Capacitance Cov VR=2V, f=1MHz 105 | — 16 pF
Capacitance Ciov VR=10V, f=1MHz 33 | — 5.7 pF
Capacitance Ratio Cov/C1ov — 25 | — 34 —
Series Resistance rg VR=5V, f=470MHz — | 055 | 1.2 Q

Marking

173




1SV216

Cv — VR IR — VR
100 — T i i — T ] ]
s [z _ lom e |
~ Ta=25°C <
& 60
& 30) o
S =
© \ E 7/ I7
@ 2 7 25
o 10 [ /
Z NS 2100
E. o PEH= ———
& _ = t >4
g Z /
S 3 S~ > 10
P ——
\\ = "$
7
1 1p
0 4 8 12 16 20 24 28 0 8 16 24 32 40
REVERSE VOLTAGE VR (V) REVERSE VOLTAGE VR (V)
rs — VR rg — f
0.8 1.0
£=470MHz VR=5V
<] Ta=25°C g Ta=25°C
0.6 0.8
2 o
\\\ r /
2 N 2 !
S o4 AN £ o6
2 2
é \ é’ L1
g o 8 ___,_//
z .2 = 0.4]
& &
0 0.2
1 3 5 10 30 100 300 500 1000
REVERSE VOLTAGE VR (V) FREQUENCY f (MHz)
dc — Ta
~ 3
e f=1MHz | | ]
o VR=2V
2 7
° ,/ 6] |
=
3 L A oz 0] |
= AT |20
o
Z PpZ
z 0 T
S ,/’/? .
8 = C (Ta) — C(25)
o a
Z -1 // NOTE : §¢ (%)= ———————Xx 100
g A C (25)
&) Vv
z A
& -2
o

-40 -20 0 20 40 60 80 100
AMBIENT TEMPERATURE Ta (°C)

174



SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

CATV TUNING.

1SV2117

Unit in mm

o  High Capacitance Ratio : Coy/Cosy=12.5 (Typ.) E
e  Excellent C-V Characteristics, and Small Tracking Error. i
a
o  Useful for Small Size Tuner. £ g o
g Fi| H
S 5| @ 04005
Q002
MAXIMUM RATINGS (Ta = 25°C) T [
|03 =005 |L.0.15-0.06
CHARACTERISTIC SYMBOL | RATING | UNIT 3
w| +1
Reverse Voltage VR 30 A% .3 3
35 ﬂ { ‘
Peak Reverse Voltage VRM (Rp,=10k0) v I
Junction Temperature T; 125 °C
Storage Temperature Range Tstg —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

JEDEC

EIAJ

TOSHIBA

1-1E1A

Weight : 0.004g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Reverse Voltage VR IR=1xA 30 | — — \4
Reverse Current IR VR=28V — — 10 nA
Capacitance Cov VR=2V, f=1MHz 33 36 39 pF
Capacitance Cosv VR=25V, f=1MHz 2.6 | 2.88 | 3.2 pF
Capacitance Ratio Cov/Cosv — 115 | 125 | — —
Series Resistance rg VR=5V, f=470MHz — 083 | 1.0 Q

Note 1 : Available in matched group for capacitance to 2.5%.

C (Max.) — C (Min.) )
C (Min) = 0.025 Marking
(VR=2~25V)
[[I Te [M
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18V217

CAPACITANCE Cy (pF)

SERIES RESISTANCE rg ()

CAPACITANCE CHANGE RATIO J¢ (%)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

CATV CONVERTER 1st OSC TUNING.

e  High Capacitance Ratio : Coy/Cgooyv =8 (Typ.)

1SV224

Unit in mm

FOR5
15-015 gl
H
—
e

e  Low Series Resistance :rg=0.73{)(Typ.) Dw I y
2
. Excellent C-V Characteristics, and Small Tracking Error. ? g E
[
e Useful for Small Size Tuner. ? 8
5 g
MAXIMUM RATINGS (Ta = 25°C) 4
065 ¢ \—1
CHARACTERISTIC SYMBOL | RATING | UNIT .
0.610.1 3 E _lLois
Reverse Voltage VR 30 \% E
1
35
Peak 1 N
eak Reverse Voltage VRM (Rp,=10kQ) \% D‘
Junction Temperature T; 125 °C 1. CATHODE
2. ANODE
Storage Temperature Range Tstg —55~125 °C
JEDEC —
EIAJ —
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [MAX. | UNIT
Reverse Voltage VR IR=1xA 30 | — — \Y%
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 13.9 15 | 16.1 | pF
Capacitance Coov VR=20V, f=1MHz 1.7 19| 21| pF
Capacitance Ratio Cov/Coov — 7.1 8| — —
Series Resistance rg VR=5V, f=470MHz — | 073 09| Q

Marking

=k BNl
N
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1SV224
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AMBIENT TEMPERATURE Ta (°C)
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE 1 szz 5

ELECTRONIC TUNING APPLICATIONS OF FM RECEIVERS. Unit in mm
25568
¢  Low Series Resistance  : rg=0.35(Typ.) 1575%8 “
O
. Small Package iz
o |87 S
S| ol 8
H 2 i
& 8 3
(=}
£
2 ©
3 28
i | *o
. 1 5
4 | _
MAXIMUM RATINGS (Ta = 25°C) }D
1 o
CHARACTERISTIC SYMBOL | RATING | UNIT q}: 3
1. ANODE 1
Reverse Voltage VR 32 v 2 2. ANODE 2
. 3. CATHODE
Junction Temperature Tj 125 °C
Storage Temperature Range Tstg —55~125 °C JEDEC —
EIAJ SC-59
TOSHIBA 1-3G1F

Weight : 0.013g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=10xA 32| — — v
Reverse Current IR VR=30V — — 50 | nA
Capacitance Cav VR=3V, f=1MHz (Note) 18.5 | 19.7 21 | pF
Capacitance C3ov VR=30V, f=1MHz (Note) 66| 72| 77| pF
Capacitance Ratio C3v/Cyov| — (Note) 26| — 29 | —
Series Resistance rg VR=3V, f=100MHz (Note) — [ 035| 05| Q

Note: Characteristic between Anode 1 and Anode 2

Marking

V 3
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18V225

CAPACITANCE Gy pF

Ik )
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CAPACITANCE CHANGE RATIO

FIGURE OF MERIT Q
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV226

CATV TUNING. Unit in mm
+025
15-015 g
e« High Capacitance Ratio : Cgy/Co5v =15 (Typ.) %‘:ﬁ?
e  Excellent C-V Characteristics, and Small Tracking Error. |:] " I 5
. Useful for Small Size Tuner. Hz E E
1 w9
[a]
2
MAXIMUM RATINGS (Ta = 25°C) T s s
in)
CHARACTERISTIC SYMBOL | RATING | UNIT g o
Reverse Voltage VR 30 \4 202 ]
35 06401 b _Lois
k R s
Peak Reverse Voltage VRM (R, =10kQ) A% R °
Junction Temperature Tj 125 °C D;ﬁw “
Storage Temperature Range Tste —55~125 °C 1 CATHODE
2. ANODE
JEDEC —
EIAJ —
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Reverse Voltage VR IR=1xA 30 | — — \Y%
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 41.0 | 45.0 | 495 | pF
Capacitance Cosv VR=25V, f=1MHz 27| 3.0| 34| pF
Capacitance Ratio Cov/Cosv — 14 15| — —
Series Resistance rs VR=5V, f=470MHz — | 1.05] 125 | Q

Note 1 : Available in matched group for capacitance to 2.5%.

C (Max.) —C (Min.) .
Mark
C (Min) =0.025 arking
(VR=2~25V)
Note 2 : Quantity in a package must be 4Xn pcs. (n=1) D TA :}G
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1SV226

CAPACITANCE Cy (pF)

rs (D

SERIES RESISTANCE

CAPACITANCE CHANGE RATIO J¢ (%)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV22]

CATV TUNING. Unit in mm
155058 9 o
e  High Capacitance Ratio : Coy/Cgo5y=10.5 (Typ.) = e
o  Excellent C-V Characteristics, and Small Tracking Error. [] - I y
. Useful for Small Size Tuner. z E §
5 g
=
MAXIMUM RATINGS (Ta = 25°C) T 3 [ g
CHARACTERISTIC SYMBOL | RATING | UNIT 4
065 | j—t
Reverse Voltage VR 30 \Y esi01 o 2 Jass
35 A
Peak Reverse Voltage VRM (Rp,=10kQ) v N ©
Junction Temperature T; 125 °C D~—~ [I
Storage Temperature Range Tstg —55~125 °C 1. CATHODE
2. ANODE
JEDEC —
EIAJ —
TOSHIBA 1-2J1A
Weight : 0.02g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. |UNIT
Reverse Voltage VR IR=1xA 30| — — \%
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 28 | 30.3 32 | pF
Capacitance Cosv VR=25V, f=1MHz 2.75 | 290 | 3.10 | pF
Capacitance Ratio Cov/Cosv — 10 | 105 | — —
Series Resistance rg VR=5V, f=470MHz — | 055|070 | Q

Note 1 : Available in matched group for capacitance to 2.0%.

C (Max.) —C (Min.) .
Mark
C (Min) =0.02 arking
(VR=2~25V) 2, T9 [ )T
Note 2 : Quantity in a package must be 4Xn pcs. (n=1)
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18V227

(pF)

CAPACITANCE Cy

SERIES RESISTANCE rg (Q)

CAPACITANCE CHANGE RATIO
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C(Ta) — C(25)

FREQUENCY f (MHz)

X 100
C(25)



SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE 1 SV228

ELECTRONIC TUNING APPLICATIONS OF FM RECEIVERS.

Unit in mm

405
_ 25-03
e Low rg : rg=0.3() (Typ.) o2s
1.5-0.15
. Small Package i =
bt
™ g 1 ;
Sl el 5 }
MAXIMUM RATINGS (Ta = 25°C) alm e, 3
{H
CHARACTERISTIC SYMBOL RATING UNIT ! o ©
Reverse Voltage VR 15 \Y %c}' l to
Junction Temperature Tj 125 °C =i | _°
Storage Temperature Tsto —55~125 °C %
1 ::> <
3
1. ANODE 1
24 2. ANODE 2
3. CATHODE
JEDEC —
EIAJ SC-59

TOSHIBA 1-3G1F
Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Reverse Voltage VR IR=10xA 15| — — v
Reverse Current IR VR=15V — — 10 | nA
Capacitance Cavy VR=3V, f=1MHz (Note) | 28.5 | 30.5 | 32,5 | pF
Capacitance Cgv VR=8V, f=1MHz (Note) | 11.7 | 12.7 | 13.7 | pF
Capacitance Ratio Cgy/Cgvy — (Note) | 21| — 26| —
Series Resistance Iy VR =3V, f=100MHz (Note) | — 0.3 05| Q

(Note) : Characteristics between Anode 1 and Anode 2

Marking
=)
V 4
= | =]
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18V228

Table 1 : ADDRESS CLASSIFICATION OF CAPACITANCE
TEST CONDITION : f=1MHz, Ta=25°C

No. Cav Csv Cev Csv
1 34.70~35.74 28.60~29.45 16.80~17.30 11.72~12.07
2 35.56~36.62 29.31~30.18 17.21~17.72 12.01~12.37
3 36.44~37.53 30.03~30.93 17.63~18.15 12.31~12.67
4 37.35~38.47 30.77~31.69 18.06~18.60 12.61~12.98
5 38.27~39.41 31.53~32.47 18.50~19.05 12.92~13.30
6 — — 18.95~19.51 13.23~13.62

1 Units are compounded in one package and are matched to 3%.

C(Maé.(;\/ﬁi()Mln.) < 0.03 (VR=2~8V)
and capacitance is classified as Table 1.
(2) Cav, C3v, Cgv, Cgy are Al-A2 capacitance.
3) The tolerance of address is 1 address.
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FIGURE OF MERIT Q

CAPACITANCE CHANGE RATIO J¢ (%)

1SV228
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV229

VCO FOR UHF BAND RADIO

Unit in mm

e  Ultra Low Series Resistance : rg=0.20) (Typ.) vz
1.25 -0,
e Useful for Small Size Set m
BEE
5| 9 0£005
MAXIMUM RATINGS (Ta =25°C) S
CHARACTERISTIC SYMBOL | RATING | UNIT J Loia 01 | o1 F0ks
Reverse Voltage VR 15 \Y P
Junction Temperature Tj 125 °C 2 +é
Storage Temperature Range Tste —55~125 °C 3
L[H] :
JEDEC —
EIAJ —
TOSHIBA 1-1E1A
Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1xA 15 — — A%
Reverse Current Ir VR=15V — — 3 | nA
Capacitance Covy VR=2V, f=1MHz 14 15 16 pF
Capacitance Ciov VR=10V, f=1MHz 5.5 6 6.5 pF
Capacitance Ratio Cov/Ciov — 2.0 2.5 — —
Series Resistance rg VR=5V, f=470MHz — 0.2 0.4 Q

Marking
ol vs o
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(pF)

CAPACITANCE Cy

rg ()
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CAPACITANCE CHANGE RATIO d¢ (%)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV230

CATV CONVERTER 1st OSC TUNING.

e  High Capacitance Ratio : Coy/Cgoyv =8 (Typ.)

Unit in mm

5 +0.2
<l 1.25 - 0.
e  Low Series Resistance :rg=0.73() (Typ.) z
(=]
e Useful for Small Size Tuner. E: bl I
3 +:_'~; b 0:£005
MAXIMUM RATINGS (Ta = 25°C) ' ‘ +0.1 | +0.1
'_0.3 -0.05 | 0.15-0.06
CHARACTERISTIC SYMBOL | RATING | UNIT 8
w| +1
Reverse Voltage VR 30 \ .3 2
35 X f J
Peak Reverse Voltage VRM (Rp,=10kQ) A% |
Junction Temperature Tj 125 °C
Storage Temperature Range Tstg —55~125 °C
JEDEC —
EIAJ —
TOSHIBA 1-1E1A
Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. |UNIT
Reverse Voltage VR IR=1xA 30| — — \Y
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 13.9 15| 16.1 | pF
Capacitance Coov VR=20V, f=1MHz 1.7 19| 21| pF
Capacitance Ratio Cov/Coov — 7.1 8| — —
Series Resistance rs VR=5V, f=470MHz — | 073] 09| QO

Marking
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1SV230
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE

1SV231

CATV TUNING.

e  High Capacitance Ratio : Coy/Cgo5v =15 (Typ.)
. Excellent C-V Characteristics, and Small Tracking Error.

. Useful for Small Size Tuner.

MAXIMUM RATINGS (Ta = 25°C)

Unit in mm

CATHODE MARK

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL | RATING UNIT 3§
w| +1
Reverse Voltage VR 30 \Y .8
35 \ l f_'
Peak Reverse Voltage VRM (Rp,=10k0) v A
Junction Temperature Tj 125 °C
Storage Temperature Range Tste —55~125 °C

0+£0.05

+0.1
J 0.15-0.06

JEDEC

EIAJ

TOSHIBA

1-1E1A

Weight : 0.004g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |[MAX.|UNIT
Reverse Voltage VR IR=1xA 30 | — — v
Reverse Current Ir VR =28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 41.0 | 45.0 | 49.5 | pF
Capacitance Cosv VR=25V, f=1MHz 2.7 3.0 34| pF
Capacitance Ratio Cov/Cosv — 14 15| — —
Series Resistance rs VR=5V, f=470MHz — 1.05 | 1.25 | Q

Note 1 : Available in matched group for capacitance to 2.5%. Marking

C (Max.) — C (Min.)
C (Min.)
(VR=2~25V)

=0.025
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(pF)

CAPACITANCE Cy
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SILICON EPITAXIAL PLANAR TYPE

1 sv23 2 VARIABLE CAPACITANCE DIODE

CATV TUNING.

e  High Capacitance Ratio : Coy/Cg5yv=10.5(Typ.)
o  Excellent C-V Characteristics, and Small Tracking Error.

. Useful for Small Size Tuner.

MAXIMUM RATINGS (Ta = 25°C)

Unit in mm

CATHODE MARK

CHARACTERISTIC SYMBOL | RATING | UNIT
Reverse Voltage VR 30 A\
35
k
Peak Reverse Voltage VRM (R, =10kQ) v
Junction Temperature T; 125 °C
Storage Temperature Range Tste —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta =25°C)

04005

+0.1
1.0.15 - 0.06

JEDEC

EIAJ

TOSHIBA 1-1E1A

Weight : 0.004g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. [ TYP. |MAX. |UNIT
Reverse Voltage VR IR=1xA 30 | — — \Y%
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 28 [ 30.3 32 | pF
Capacitance Cosv VR=25V, f=1MHz 275 1 290 | 3.10 | pF
Capacitance Ratio Cov/Cosv — 10 | 105 | — —
Series Resistance rg VR=5V, f=470MHz — | 055] 070 | Q

Note 1 : Available in matched group for capacitance to 2.0%. Marking

C (Max.) — C (Min.)
C (Min.)
(VR=2~25V)

=0.02
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(pF)

CAPACITANCE Cy

SERIES RESISTANCE g ()

CAPACITANCE CHANGE RATIO J¢ (%)

1SV232

Cv - VR IR = VR
50 | i
\ f=1MHz 100y Ta=80°C
- — el
30 Ta=25°C s |
\ o 60
\ — /
\ e 10p
P =
= y 25
10 &
N 5
(&)
a =
5 2
>
2
I~
0.1p /
9
0 5 10 15 20 25 30 0 8 16 24 32
REVERSE VOLTAGE VR (V) REVERSE VOLTAGE VR (V)
rs — VR rg — f
0.8 0.8
£=470MHz VR=5V
Ta=25°C S Ta=25°C
0. — L, 06
—~__ “ |
=
1 &) —
N 2 e I A—
0.4 AN S 04
w
\ 2
=
5
0
0.2 g o2
1
w)
0 0
1 3 5 10 30 50 100 300 500
REVERSE VOLTAGE VR (V) FREQUENCY f (MHz)
Sc — Ta
o| f=1MHz VR=2V
v
/|
V
1 =10
/ LT 25
/, — 20|
C (Ta) — C(25)
0 — NOTE : 8¢ (%)= —————— X 100
= C(25)
//
-1 A
yd d
/]
-2
—20 0 20 40 60 80

AMBIENT TEMPERATURE Ta (°C)
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1SV237

SILICON EPITAXIAL PIN TYPE DIODE

VHF~UHF BAND RF ATTENUATOR APPLICATIONS.

=t 2
o I
i
MAXIMUM RATINGS (Ta = 25°C) LA s
(o= 8 — o
CHARACTERISTIC SYMBOL | RATING | UNIT 055 | ' Lo,gs
+0.25
Reverse Voltage VR 50 \4 - o
37 1 e
Forward Current Ip 50 mA © | =2
s . 2 [ F]
Junction Temperature Tj 125 °C = 2 o L—-L z
Storage Temperature Range Tste —55~125 °C 5° §
S
:
1. CATHODE 1
2. CATHODE 2 | e 4
3. ANODE 2 5 et 3
4. ANODE 1 ]
JEDEC —
EIAJ —
TOSHIBA 1-3J1A
Weight : 0.013g
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=104A 50 — — \J
Reverse Current IR VR=50V — — 0.1 | rA
Forward Voltage VF Ip=50mA — 095 | — \Y%
Total Capacitance Cr VR=50V, f=1MHz — 025 | — pF
Series Resistance rg Ip=10mA, f=100MHz — 35| — Q

Marking
H O
B B
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(pF)

TOTAL CAPACITANCE Cr

Cr — VR
2,
f=1MHz
Ta=25°C
1
5
0. S
-
0.3 a——
|
0.1
1 3 5 10 30 50

REVERSE VOLTAGE VR (V)
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SERIES RESISTANCE rg (Q)

1SV237

rs — If
TTTT
NIlRER ——
H 4.
500 54 N
0,60 2T ae
300 0. f
1.07TT
100 =
50
30 N
N
10| H K
5 | 0.
3 =0.2GHz 0.47T]
[T |
104 1004 1m 10m

FORWARD CURRENT Ip (A)



SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV238

Unit in mm

CATV TUNING.
e High Capacitance Ratio: C2V/C25V=11.5(Typ.) & +02
=|1.25-01
e Excellent C-V Characteristics, and Small Tracking Error. ;
« Usful for Small Size Tuner. g 33 3
3 P 04005
-l ™~ ———
0.1 J +0.1
0.3-005 0.15 - 0,06
3
MAXIMUM RATINGS (Ta = 25°C) a2 e
CHARACTERISTIC SYMBOL RATING | UNIT \ l
Reverse Voltage VR 30 \
35
Peak Reverse Voltage VRM (RL=10kQ) A%
Junction Temperature T; 125 °C JEDEC —
Storage Temperature Range Tstg —55~125 °C EIAJ —
TOSHIBA 1-1E1A
Weight : 0.004g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1xA 30 — — \
Reverse Current IR VR=28V — — 10 | nA
Capacitance cav VR=2V, f=1MHz 31 35 38 pF
Capacitance C25V VR=25V, f=1MHz 2.75 3.0 | 3.25 pF
Capacitance Ratio C2V/C25V | — 10.7 | 11.5 — —
Series Resistance I VR =5V, f=470MHz — 0.7 | 0.85 Q

Note 1: Available in matched group for capacitance to 2.5%.

Marking TYPE NAME
C (Max.) — C (Min.) _
¢ (Min) = 0.025 e
(VR=2~25V) mj T8 (O
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[619]

CAPACITANCE Cy

Q@

CAPACITANCE CHANGE RATIO

Ts

SERIES RESISTANCE

8C (%)

Cv - VR
50
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30 Ta=25°C
10 \\
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0.8
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0.6
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dC — Ta
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. ) 10] |
/ L
// 25—
0 2 20|
=
]
-1 //
//
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ABMIENT TEMPERATURE Ta (°C)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV239

VCO FOR UHF RADIO

Unit in mm

X
o  Ultra Low Series Resistance : rg=0.44Q (Typ.) %l o8t
o  Useful for Small Size Set § .
g 33 8
= +1{ H
© | sl 9 0+005
+0.1 | +01
0.3-005 || 0.15 - 0.06
o1t
o 5
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Reverse Voltage VR 15 \ JEDEC —
Junction Temperature T 125 °C EIAJ —
Storage Temperature Range Tstg —-55~125 °C TOSHIBA 1-1E1A

ELECTRICAL CHARACTERISTIC (Ta = 25°C)

Weight : 0.004g

200

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1LA 15 — — \Y
Reverse Current IR VR=15V — — 3 | nA
Capacitance C2vV VR=2V, f=1MHz 3.8 | 4.25 4.7 pF
Capacitance C10V VR=10V, f=1MHz 1.5 | 1.75 2.0 pF
Capacitance Ratio C2V/C10V — 2.0 2.4 —

Series Resistance s VR=1V, f=470MHz — 044 | 0.6 Q
Marking
TYPE NAME
TC M




CAPACITANCE CHANGE RATIO

SERIES RESISTANCE rg (Q) CAPACITANCE Cy (pF)

8C »

Cv - VR
10
f=1MHz
Ta=25°C
\
5
\\\
o \\\
\
'\\
1
0 4 8 12 16

REVERSE VOLTAGE VR (V)

rs — VR
0.8
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Ta=25°C
0.6
0.4]
™~
I~~~
\\\\
0.2]
‘0 3 5 10 30
REVERSE VOLTAGE VR (V)
6C — Ta
3 T
f=1MHz VR=1V_|_ |
|
2v
PIE
1 % 6V
/
A A 1o
=
U
)
L ///
- V
/|
o /
S50 -2 o0 25 50 75 100 125

ANBIENT TEMPERATURE Ta (°C)
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REVERSE CURRENT IR (A)

SERIES RESISTANCE rg (@)

1SV239

IR - VR
100p
10y
Ta=80°C
60
/
1Ip== —=
//' 25
0.1p| |
-
.01
0.01pg 5 10 15 20 25
REVERSE VOLTAGE VR (V)
rg— f
1.0
VR=1V
Ta=25°C
0.8
0.6
v
._——"’/
0.4
0.2
50 100 300 500 1000
FREQUENCY f (MHz)
C(Ta) — C(25)
NOTE : 6C (%)= ———— X X X X X100

C(25)



SILICON EPITAXIAL PLANAR TYPE

1 sv242 VARIABLE CAPACITANCE DIODE

TV VHF WIDE BAND TUNING Unit in mm
+0.5
2.5-0.3
e  High Capacitance Ratio : C1V/C28V=14.5(Typ.) 157052 o
~O
. Low Series Resistance : rg=0.65Q (Typ.) :5 33
gl 1 s
e  Excellent C-V Characteristics, and Small Tracking Error. % al ©
& Al o 3 [
Small Package ot S
L) g ZE
3 38
st 1] to
+ 0 —
s | 1
MAXIMUM RATINGS (Ta = 25°C) - 7
1
CHARACTERISTIC SYMBOL | RATING | UNIT :>j 3
1. ANODE 1
Reverse Voltage VR 30 v 2 2. ANODE 2
35 3. CATHODE
Peak Reverse Voltage VRM (Rp,=10kQ) A% JEDEC —
Junction Temperature T; 125 °C EIAJ SC-59
Storage Temperature Range Tstg —55~125 °C TOSHIBA 1-3G1F
Weight : 0.013g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |[MAX. |UNIT
Reverse Voltage VR IR=1xA 30 | — — \Y
Reverse Current IR VR=28V — — 10 | nA
Capacitance Civ VR=1V, f=1MHz (Note 1) 36 39 42 | pF
Capacitance C28v VR=28V, f=1MHz (Note 1) 2.43 2.7 3.0 | pF
Capacitance Ratio Civ/C28V| — (Notel) | 134 | 145 | — —
Series Resistance rg VR=5V, f=470MHz (Note 1) — | 0.65 0.8 Q

Note 1 : Characteristic between Anode 1 and Anode 2
Note 2 :Units are compounded in one package and are

matched to 2.5% Marking
C (Max.) —C (Min.)
— C@hOn) = 0026 (VR=1~28V) n
V5
] L
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1SV242
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AMBIENT TEMPERATURE Ta (°C)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV245

UHF SHF TUNING

e  High Capacitance Ratio

. Low Series Resistance

: rs=1.2Q (Typ.)

: C2V/C25V=5.7(Typ.)

. Excellent C -V Characteristics, and Small Tracking Error.

MAXIMUM RATINGS (Ta = 25°C)

Unit in mm

1. 2593

CATHODE MARK
am

0.2

2.5+

|

0.9%82

@ 0£0.05

0. 154334

i

C (Min.)

204

Cathode Mark

CHARACTERISTIC SYMBOL | RATING | UNIT
Reverse Voltage VR 30 A%
35
Peak Reverse Voltage VRM (Rp,=10k0) A% JEDEC —
Junction Temperature Tj 125 °C EIAJ —
Storage Temperature Range Tste —55~125 °C TOSHIBA 1-1E1A
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. {MAX. | UNIT
Reverse Voltage VR IR=1xA 30 | — — v
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cc2v VR=2V, f=1MHz 331 | — 4.55 | pF
Capacitance C25V VR=25V, f=1MHz 0.61 | — 0.77 | pF
Capacitance Ratio C2v/C25V| — 5.0 5.7 65 | —
Series Resistance rs VR=1V, f=470MHz — 12| 20| Q

: . Marking
Notel: Unites are compounded in one package
and are matched to 6.0%.
. Oy 73
C(Max) —CMin) < 06 (VR=2~25V)




CAPACITANCE CHANGE RATIO

TOTAL CAPACITANCE Cp (pF)

rg ()

SERIES RESISTANCE

oC (%)

Cv - Cr
10
f=1MHz
5N Ta=25°C
AN
3 \\
\\
1 \\
05
0.3
0 5 10 15 20 25 30
REVERSE VOLTAGE Vg (V)
rs — VR
1.6
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Ta=25°C
1.2
\\\
N
0.8
N
0.4 N
\\
0
1 3 5 10 30
REVERSE VOLTAGE VR (V)
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2 f=1MHz [ I
VR=2V //
1 10 4
=
=< V20
0
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AMBIENT TEMPERATURE Ta (°C)

205

1SV245
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C (25



SILICON EPITAXIAL PIN TYPE DIODE

1SV232

VHF~UHF BAND RF ATTENUATOR APPLICATIONS.

MAXIMUM RATINGS (Ta =25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING |UNIT
Reverse Voltage VR 50 \
Forward Current Ip 50 mA
Junction Temperature Tj 125 °C
Storage Temperature Range Tste —55~125 °C

21401

1.25+0.1

+0.1
0.3 -0

2.0+0.2
1.3+0.1

0.65_ 0.65

.90 +0.

i

+0.1

IO,!S-—O‘OS

|
}: 3
20

1. ANODE 2
2. CATHODE 1
3. ANODE 1/CATHODE 2

0~0.1

JEDEC —

EIAJ SC-70

TOSHIBA 1-2P1C

Weight : 0.006g
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. [ UNIT
Reverse Voltage VR IR=10pA 50 — — \Y
Reverse Current Ir VR=50V — — 0.1 HA
Forward Voltage Vg Ip=50mA — 0.95 — \
Total Capacitance (Note) Cr VR=50V, f=1MHz —_ 0.25 — pF
Series Resistance rs IF=10mA, f=100MHz — 7 — Q

Note : CT is measured by 3 terminal method with capacitance bridge.

MARKING
Type Name
FI
7
B E
H B
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TOTAL CAPACITANCE Ct (pF)

Cr — VR
2
f=1MHz
Ta=25°C
1
0.5
Tt
0.3 —
0.1
3 5 10 30 50

REVERSE VOLTAGE VR (V)
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SERIES RESISTANCE rg (Q)

rg — Ip
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500(,,y
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100

L7

50

30

L

N\

b

f=0.2GHz

e—0.6 ]
0.4

:
|

3
5p¢ 10 30u 1004 3004
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1SV254

SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE

TV TUNING.

L]

L]

High Capacitance Ratio

Low Series Resistance

: C2V/C25V=6.5 (Typ.)

trg

=0.4Q (Typ.)

Excellent C-V Characteristics, and Small Tracking Error.

Useful for Small Size Tuner.

Unit in mm

0.8+0.1

=

Eﬂﬁﬂm

1.3x0.1
2.1+0.1

0+0.05

e

_‘_l_&%i 0135085
MAXIMUM RATINGS (Ta = 25°C) gi’s
CHARACTERISTIC SYMBOL RATING UNIT -

Reverse Voltage VR 30 \Y%

Peak Reverse Voltage VRM 35 (RL=10kQ) A\ JEDEC —_

Junction Temperature T 125 °C EIAJ —

Storage Temperature Range Tste —55~125 °C TOSHIBA 1-1F1A
ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1xA 30| — — v
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cov VR=2V, f=1MHz 14.16 | 15.0 | 16.25 | pF
Capacitance Cosv VR =25V, f=1MHz 2.11| 227| 243 | pF
Capacitance Ratio Cov/Caosv — 590 6.50| 7.15
Series Resistance rg VR =5V, f=470MHz — 04| 055| Q

Note 1 : Units are compounded in one package and are matched to 2.5%.
C (Max.) — C (Min. MARKING
Max) — C(MIn) < 25
C (Min.)
(VR=2~25V) 0 I T1 i
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CAPACITANCE Cy (pF)

rs (@

SERIES RESISTANCE

30

10

Cy - VR
f=1Mlz
Ta=25°C
~
AN
N
\\_
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REVERSE VOLTAGE Vi (V)

rg — f
1.0
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Ta=25°C
0.8
0.6
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'—///
0.4
0.2
0
50 100 300 500 1000

FREQUENCY f (MHz)
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rg (Q)

CAPACITANCE CHANGE RATIO

SERIES RESISTANCE

6C (%)

1SV254
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE

1SV235

CATV TUNING.

e High Capacitance Ratio : C2V/C25V=10.5(Typ.)
e  Low Series Resistance : rg=0.6Q (Typ.)
e  Excellent C-V Characteristics, and Small Tracking Error.

. Useful for Small Size Tuner.

Unit in mm

0.840.1

A =

040.05

1
o fLosro0s 0.1320:05
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL | RATING | UNIT K
Reverse Voltage VR 30 v )
Peak Reverse Voltage VRM 35 (R, =10kQ) \Y%
Junction Temperature T 125 °C JEDEC —
Storage Temperature Range Tste —55~125 °C EIAJ —
TOSHIBA 1-1F1A
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1xA 30 — - v
Reverse Current IR VR=28V — — 10 | nA
Capacitance c2v VR=2V, f=1MHz 26 29 32 | pF
Capacitance C25V VR=25V, f=1MHz 25 | 285| 3.2 | pF
Capacitance Ratio C2v/C25V —_ 9.5 | 102 — —
Series Resistance Iy VR=5V, f=470MHz — 06| 0.8 Q

Note 1 : Available in matched group for capacitance to 2.5%.

C (Max.)—C (Min.) <0.025 Marking
C (Min.)
(VR=2~25V) [:l: T2 :[:l
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CAPACITANCE Cvy (pF)

rg (Q)

SERIES RESISTANCE

Cv - Vr
50
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30 \ Ta=25°C
N
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5 AN
3 e —
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FREQUENCY f (MHz)
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rg (Q)

CAPACITANCE CHANGE RATIO

SERIES RESISTANCE

0C (%)

1SV255

rs — VR
1.0
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Ta=25°C
0.8
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0.6
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0.4 \\
0.2
0
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NOTE : o¢ (%) =—ST8 =€@8) 5,
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV236

TV VHF UHF TUNER AFC

Unit in mm

0.8:£0.1

CATHODE MARK

1.3+ 0.1
2.1+0.1

Afoaroos  [lo1s'8ds
MAXIMUM RATINGS (Ta =25°C)
CHARACTERISTIC SYMBOL | RATING | UNIT U;U ot %

Reverse Voltage VR 30 v )

Peak Reverse Voltage VRM 35 (R, =10kQ) A%

Junction Temperature T; 125 °C JEDEC _

Storage Temperature Range Tste —55~125 °C EIAJ _

TOSHIBA 1-1F1A

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Reverse Voltage VR IR=1xA 30 | — — \
Reverse Current IR VR =28V — — 10 | nA
Capacitance c2v VR=2V, f=1MHz 10.5 14 16 pF
Capacitance C1lov VR=10V, f=1MHz 3.3 4.5 5.7 pF
Capacitance Ratio C2v/C1lovV — 2.5 3.1 34 —
Series Resistance Iy VR=5V, f=470MHz — | 053] 08| O

Marking
af ra O
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(pF)

CAPACITANCE Cy

rg ()

SERIES RESISTANCE

(%)

CAPACITANCE CHANGE RATIO
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(A)

Ir

REVERSE CURRENT

rs (@)

SERIES RESISTANCE

1SV256
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV237

VCO FOR UHF BAND RADIO

. Ultra Low Series Resistance :

. Useful for Small Size Set

MAXIMUM RATINGS (Ta = 25°C)

rg=0.2Q (Typ.)

Unit in mm

0.8:£0.1

CATHODE MARK

1.3+ 0.1
2.1%£0.1

0+£0.05
+0.1
0.13-0.05

CHARACTERISTIC SYMBOL RATING UNIT g ‘ ] s @
Reverse Voltage VR 15 v )
Junction Temperature T; 125 °C
Storage Temperature Range Tste —55~125 °C JEDEC _

EIAJ —
TOSHIBA 1-1F1A
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Reverse Voltage VR IR=14A 15 — — \Y
Reverse Current IR VR=15V —_ —_ 3 | nA
Capacitance c2v VR=2V, f=1MHz 14 15 16 pF
Capacitance C1ov VR=10V, f=1MHz 5.5 6 | 6.5 pF
Capacitance Ratio C2v/C1o0v —_ 2.0 2.5 _ _
Series Resistance rg VR =5V, f=470MHz — 02 | 04 Q
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV258

CATV CONVERTER 1st OSC TUNING.

e  High Capacitance Ratio

. Low Series Resistance

: C2V/C20V=8(Typ.)
: rg=0.730Q (Typ.)

. Useful for Small Size Tuner.

MAXIMUM RATINGS (Ta = 25°C)

Unit in mm

0.8+0.1

=

=

47 u.a:fojog_ OAIngz(IJE

CATHODE MARK

.3%0.
+

0+0.05

§:

CHARACTERISTIC SYMBOL | RATING | UNIT @?E
Reverse Voltage VR 30 \Y )
Peak Reverse Voltage VRM 35 (R1,=10kQ) \
Junction Temperature Tj 125 °C JEDEC _
Storage Temperature Range Tsto —55--125 °C EIAJ _
TOSHIBA 1-1F1A
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=14A 30 | — — \4
Reverse Current IR VR =28V — — 10 | nA
Capacitance c2v VR=2V, f=1MHz 13.9 — | 16.1 pF
Capacitance C20V VR=20V, f=1MHz 1.7 — 2.1 pF
Capacitance Ratio C2v/C20v —_ 73| — 84 | —
Series Resistance rg VR =5V, f=470MHz — 073 | 09 Q

Marking
oy t7 M@
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SILICON EPITAXIAL PLANAR TYPE

VARIABLE CAPACITANCE DIODE

1SV239

CATV TUNING.

e High Capacitance Ratio

: C2V/C25V=10.5 (Typ.)

e  Excellent C-V Characteristics, and Small Tracking Error.

. Useful for Small Size Tuner.

Unit

in mm

CATHODE MARK

1.3%£ 0.1
2.13+0.1

0+0.05

.|,l_0_3i_0.°i 0.1570.05
MAXIMUM RATINGS (Ta = 25°C) ‘ | ) EE
CHARACTERISTIC SYMBOL RATING UNIT i

Reverse Voltage VR 30 A%

Peak Reverse Voltage VRM 35 (R1,=10kQ) v JEDEC —

Junction Temperature T; 125 °C EIAJ —

Storage Temperature Range Tstg —55~125 °C TOSHIBA 1-1F1A
ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Reverse Voltage VR IR=1xA 30 — — \
Reverse Current IR VR=28V — — 10 | nA
Capacitance Cc2v VR=2V, f=1MHz 28 | 30.3 32 pF
Capacitance C25V VR=25V, f=1MHz 275 | 290 | 3.10 | pF
Capacitance Ratio C2V/C25V —_ 10 | 10.5 — —
Series Resistance ry VR=5V, f=470MHz — 0.55 | 0.70 Q

Note 1 : Available in matched group for capacitance to 2.0%.
Max.) — C (Min. MARKING
C (Max.) : (Min.) <002
C (Min.)
(VR=2~25V) 1 I 9 @
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SILICON EPITAXIAL PLANAR TYPE

1 SV26 0 VARIABLE CAPACITANCE DIODE

VCO FOR UHF RADIO

e  Ultra Low Series Resistance : rg=0.44Q (Typ.)
o  Useful for Small Size Set

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Reverse Voltage VR 15 v
Junction Temperature T 125 °C
Storage Temperature Range Tste —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Unit in mm

1.3+ 0.1

0+0.05

CATHODE MARK

4 0.3+0.05 0.1320:05

JEDEC —

EIAJ —

TOSHIBA 1-1F1A

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.|UNIT
Reverse Voltage VR IR=1xA 15 — — A\
Reverse Current Ir VR=15V — — 3 nA
Capacitance Cc2v VR=2V, f=1MHz 3.8 | 4.25 | 4.7 pF
Capacitance C1lov VR=10V, f=1MHz 15 | 1.75| 2.0 pF
Capacitance Ratio C2v/C1lov — 2.0 24| — —_
Series Resistance rg Vr=1V, f=470MHz — | 044 | 0.6 Q

220

Marking




CAPACITANCE Cy (pF)
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SILICON EPITAXIAL PLANAR TYPE

1 SV261 VARIABLE CAPACITANCE DIODE

UHF SHF TUNING
o  High Capacitance Ratio : C2V/C25V=5.7 (Typ.)

e  Low Series Resistance : rs=1.2Q (Typ.)

o  Excellent C-V Characteristics, and Small Tracking Error.

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Reverse Voltage" VR 30 \Y
Peak Reverse Voltage VRM 35 (R, =10kQ) v
Junction Temperature Tj 125 °C
Storage Temperature Range Tste —55~125 °C

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Unit in mm

0.840.1

-]

CATHODE MARK

1.3+ 0.1
2.1+0.1

040.05

1

o] Josx0.05 0.1_3i81(113

0.15_]
0.740.1
)

JEDEC —
EIAJ —

TOSHIBA 1-1F1A

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Reverse Voltage VR IR=1xA 30| — — \%
Reverse Current IR VR =28V — — 10 | nA
Capacitance ca2v VR=2V, f=1MHz 331 — 4.55 | pF
Capacitance C25V VR=25V, f=1MHz 0.61| — 0.77 | pF
Capacitance Ratio C2v/C25V —_ 5.0 | 5.7 6.5 | —
Series Resistance rg VR=1V, f=470MHz — 1.2 20| Q

Note 1 : Unites are compounded in one package and are matched to 6.0%.

C (Max.)—C (Min.)

=0.06 (VR=2~25V)
C (Min.)
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SILICON EPITAXIAL PLANAR TYPE
VARIABLE CAPACITANCE DIODE

1SV262

CATV TUNING.

e  High Capacitance Ratio

. Low Series Resistance

: C2V/C25V=12.5(Typ.)

: rs=0.6Q (Typ.)

e  Excellent C-V Characteristics, and Smail Tracking Error.

e  Small Package

Unit in mm

CATHODE MARK

0
0.
25402

0+0.05

] 0.3 0.15
o
MAXIMUM RATINGS (Ta = 25°C) o. =
CHARACTERISTIC SYMBOL RATING UNIT Llﬂj;——

Reverse Voltage VR 34 \

Peak Reverse Voltage VRM 36 (R[,=10k0) v

Junction Temperature Ty 125 °C JEDEC _

Storage Temperature Range Tstg —55~125 °C EIAJ _

TOSHIBA 1-1E1A

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC 