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Radio Frequency Identification ( Frequency 125 kHz )

Ms. Wanna Duangsuda ID. 47012227
Assoc.Prof. Prapakormn Suwanna Advisor

Education Year 2550

Abstract

This report describe design-and create of RFID-(.Radio Frequency Identification) at
frequency 125 kHz. This project consist 2 main parts‘which are a tag or transponder and reader
or interrogator. Within RFID system consist sub circuit in. much parts suchias tag regulator

circuit , reader coil driver , tag’s circuit  for test load modulation.
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'ﬂﬂuﬂﬂﬁ]qﬂuUQW'Ju'lﬂuWNLLuLHaﬂvlﬂﬂ'mzrwnﬂu ANHUAINTUATUNTULDIUARIANUABANTT

v

aVl ﬁ v o 9/ o A é’ 9 ; = A ]
W dthaduninga yagudnanvesadnaziniy dwomgl TuusHnunlnumY UL
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¥
(Y

ar A o Qs © v
iy Ussyezinfouningaguinartvesadnnssluiweun vesadn Wuwariin

o

A 42 4 a o 4 ]
anuvLuigaguinnlsweIalnanasasmniuiiusnulndfuveuvesatn e ‘skin

¥

a,

effect’ AT Tudni Anumuninvesnszuannaaiu 1/ wie 37% (= 0.3679) vo4
T 3 ] 1

Aty dunifuintludnyazves skin depth uaz Aeilvivvesniuduazannudy

a ) o o v . n’: G’f’ a 3 1)

FULazAINNNIUBIAINA HOAI ¥BY skin effect NavuaNa WL dUluAUAmIUNIY

NSLUANAVYDIRIN
f1 skin depth A1uaetldnnaunish 2.13-10

PY. (2.13-10)

- NS po

Tau

I e

= ATy

4, = MAINFUTVYOIRIMIA

4= 1 85U vaaas, exgliilen , nas LiasHue
= 4000 FINTY Lﬂﬁﬂﬂ?ﬁﬂﬁl

a=manuth iiihvesias

= 5:8x107(Q/m) dmTU nosien

=3.82x 107 (€27 m) dns1) ozgitiioy

=41 x10"(Q L m) T My nel

= 6.1x107(©/ m) M5y 1qu

f1 skin depth NP NNND. 125 kHz 9218

1

= = 0.187 mm
Jm(125x10°) (47 x1077)(5.8x107)

o

63 % v04M3 Manszua RF lunoweses lvaegszvziviianinveuuenga 0.187

mm §MTUAINE 125 kHz

v 4 g v P i
ANUAMUMUDIANVTUATUANINED LDS ATTWATUNIUNVUBYNY skin  depth Qn

Sund Anwdumunssuaady gas laodszanavesnnudununszuaady dhuldam

aunsh 2.11
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1
o oA 2rade (Q) (2.13-11}
2a \ no
a
Re) ()
a4 4 . o o M
Tauf WU skin depth VuaIAdNIAD
Aacﬁve = 27[a6
¥ e o 4 g 4 Adau
ANNAUMIUNTTUATA VNNV UAYS INNADIVDIANNDN 19

{AWG) | (bare) |(coated)| T0%°F | imils) (AWG) | (bare) |(coated) | 0T | "ty
1 289.3 — 0126 82690 26 15.9 172 410 253
2 2876 — 0.156 66360 27 14.2 164 514 202
3 2264 = 0.197 52620 28 12.6 138 65.3 159
4 204.3 n 0.249 41740 29 113 12.3 81.2 123
5 1819 al 0.313 /23000 20 10.0 11.0 106.0 100
6 162.0 -~ 0.305 | 26240 31 8.9 59 131 79.2
7 . 166.3 s 0.498 20820 32 8.0 88 162 640
] 1285 | 1316 | 0628 | 16510 33 71 7.9 206 50.4
9 114 .4 1163 | 0793 | 13000 4 6.3 7.0 261 39.7
10 1018 1062 | 0.989 | 10380 35 5.6 6.3 AN 314
11 90.7 935 128 £230 36 &0 57 415 250
12 80.8 83.2 159 6530 37 4.5 51 512 202
13 72.0 74.1 2.00 5180 28 4.0 4.5 548 18.0
14 64.1 66.7 252 4110 a9 35 40 847 12.2
15 57.1 59,5 318 3260 40 2.1 35 1080 981
16 50.8 529 4.02 2580 41 28 3.1 1320 7.84
17 453 47.2 505 2060 42 25 28 1660 625
18 40.3 424 8.39 1620 43 22 25 2140 4.84
19 35,8 379 805 1290 44 2.0 23 2590 4.00
20 320 340 10.1 1020 45 1.76 1.9 3350 3.10
21 285 30.2 12.8 212 46 1:57 1.7 4210 248
22 253 28.0 16.2 £40 47 1.40 1.6 5290 1.96
23 226 242 203 511 48 1.24 1.4 6750 154
24 20.1 216 25.7 404 46 1.1 1.3 8420 1.23
25 179 163 324 220 50 0.99 11 10600 | 0.98

Note: 1mil =254 x 103 ¢m

Note: 1 mil = 2.54 x 103 ¢m

#11519% 2.13.4 AWG WIRE CHART
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v v o Y a A
2.13.5 ANuMuUMuvesinhnsmstszinadmanudem
i skin depth @rulvgznlSouidvuuiafivesdnh anvdumuansaldsy
v EERY
msdszanadeanudi 14
2
1 1({a
R:awfreq”-—maz 1+§ - (2.13-12)
4 P - 9 ' 7l -]
WOHLINYOIANMSA 2.12 fip ANUAIUNIUATZUIATS dIUNNTDIRDAY

MUMIUNIELUA A

v oA o v A o <
2.13.6 Mmienihmlseneudsuaniamuasunaleyu
1 ] ] 4 v
AMANUMHENVDURNATIH WA TITUR MAIUTIINANNTH 2.13

_ 0.0276(CN)°
1.908C +9b'+ 10k

Tauh

uH (2.13-13)

N=1usoU

C =x+y+2Hh

X =A1n 4B IUAa7In
Y= ANUIIIVIUAD A

b = AMUANUBININF AV
h= 9NGIVIIMPAAYN

Huve | oY iun U uAINAS

{alTop View

E
e ] }

{b} Cross Sectioma! View

[] v [] »
717 2.13.6va0 20Ut dounaady
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2.14 AMHTHYEN199Y (Mutual Inductance)
] a e 1 - A P P s o g a J P
AR Moy A anuesovstvaaanisnmteniwsnu 1Ffedun
vaaandrafins Tasinuioihaueus @)
29951 Wfhamsoutams@enTedld 2 uvde
; @ o . & 1 &
- Maweu Toan19@ i (Conductively Coupled) Muwiia gniialuases lilfinassdnginils
TuvsrIunIz e
4 ' P '
- mayeu ToanauIuiivan (Magneticaly Coupled) ¥u18049 gUwnilalunees liliinasadn
& 1 ] 4 [ @ ] ] =]
qﬂﬂuﬂu’mﬁﬁ‘lu‘iﬁﬁaumnumumqﬁumuumanwﬁ’ﬂuﬂaa (Transformer) (Hu@n
w ' & HAqy o A ' v oad & ar a0
fretnianlandnnismaiFounennaunuuinan deezgnuoslugindsauiioiemn

2 o e &
2199311149 189N 995 mH4

£, F P4
/ /’-\\ ’—.\ \
1Y '
R ) AT
A \\// \___//

i w 1 da &
711 214 Wandausiimaniinady

131 2.4 VAR NS aURel nszeiva, i) A IR ed oS auiman
4 = &
¢ NinAvU

¢ 1 '
souquaada vnnguasiisiadna1a’ia

d
yv= N-—¢
dat
LY 4 o = [ o r @ n‘a’
vdng, ¢ ANanIndasmsiasunlasnszuanaaaiy
. d¢.di
di dt
di & d
wio v=L— Tauh L=N—9_é
ar di

Taoh L 92gni5un71 Self-Inductance 13199910 HAVBIUSWUADNANINMISIN Do BensEUa

#0171 IHYARIAALINY



L
, L1 ¢, 2
+ O, |, > +
7Y
(t) Vi V)
g
— ~a’ _
N, turns N, turns

511 2.14.1 vARIANAT Self-Inductance INIAL L, uag L,

YARIA 2 YATIA Self-Inductance 4MINY L -waz.L, 11219 1nduAsgUf 2.16 vaan
o o o g ' o o‘u’: {
Llwag L2Wu N, uaz N, seuaindny ideseinvaadn L2lullpsgue Tva Wanaavuan

a & i
favuluanndnh 1 Ao dy= ¢, +4,

v da d d o d¢l dg, di di
UIIRUNIAAVUNUADIAN 12 v, = N, _?i_ = N, —¢1-—' S fpuen & (2.14-1)
dt di, . dt dt
o da 4 2 ' d dg,, di di
usaRUINATUNARIATN 2: v, = N, P N, ¢‘F L =M — (2.14-2)
dt di ~adt dt
Taod M,;: mutual-Inductance YDIVADINA
y
&

o t o ar o 7w 15
lumensspudis §119vaa7e L1 WiSnssua Inaninesfenu dananaviun mnavulu

=

VAN 2 70: 6, = @, + s,

[ :i = t:l d d d. ]
Lmﬂumﬂm‘fu‘lumﬂmﬂw 20, =N, 40 =N, _(ffz__l_z_ =L, i1 (2.14-3)
dt diydt dat
i v, =L, P
dt
v da - d dg,di j
wsasuiiRntulvAaan 1 vy=N, I N, é” e Y VR & (2.14-4)
dt di, dt dt

NV M, = M,, = M lavh Mflon1 Mutual Induetance 52131 UANIN 2 VA

anugaonlumsimuaus iy anumilenhsar e ione 1w 14 Tavld Dot Convention

4
w oo

Fatu

Y Y w a o o 1 o 43

- fnszualvadigavesvanlatuusn usedumilenisweeuaniafidosiivn
voegneziiiuuan

. ¥

- dinszualvesensingaussuaatadunsn ussdumileniismyesvaalafivn

ﬁlﬂﬂﬂ‘ﬂﬂzlﬂu‘ﬁﬂ
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L=L+L,+2M E=Ll+1,=2M

1d o - i P |
JU7 2.04.2 Imsvasnsziatozis WUl uA IR

2.15 W11 lu29037% 03l af M (Energy in a Coupled Circuit)

Q L7 H o 1
wasnazay lua i [w = ELiZ} (2.15-1)
- Py N Bl 1A i
waswuazayluvaatamteowiv we — L2+ — L. + Mii (2.15-2)
2 1%1 2 2%2 142

o 4 = 3 ] L. o n,.: 1 . ]. . + =
waNTMNATuIzABIANTIMS BN 0 Aatiu —2—le12 +5L2122 +Mii, >0 (2.153)

o @ o [] U ]
anuduRussznINm Munga L Ao L L, - M w50 M.JLL,
RS IAIUYBIAIAMNUINTEI1I1T I AenuRALUBIR AN T eI auARAeA 1YY sE AN

»
n1snatA(Coefficient of coupling) k

k=M 0ck<l (2.15-3)

JLL,

dM5V k < 0.5 950N Loosely Coupled

#msu k> 0.5 9215071 Tightly Coupled
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=
unn 3
M3ILeNILY
- o = ] o T P- 1
NISODNLLUNTTYDY 8151eW loRszausoutoenidu 2 dIufe

1. 9IUYDAATDIOTY ( Reader )

2. dmweethonse uind (Tag)

3.1 MI0BAIUYIIOTUBIA UATOI0 1
luaIuved29951A5 098U v2lsznouda
1. 2999 aaﬁvT;mma{( Oscilator and Reader Coil Driver)

2. W97 Demodulation

23
ggasgzgé
CD060 -L
oo y it
& o0 &539 33 ; - o
= o =] =]~ el | - P el LR
| lm ‘l_ U‘ 2 R :
=o! +
’_{hlll: 3] T'}UK Mllﬂr( {
R kL M
i TR 7K It
ot 1
KTCH0% Ill‘w‘ /J;m- 777 /77
(o}
SNV
Remdhis Codl

3.1 ER929933IUYBIAUNTBIE M
luduneunisesnuuusesvoanipesm
1) MIA04 (NQ, ), 019 Tumsdaadt (N, Wr1wes
Ny = 17 301
2.) MUIUNIAT (NT), . 9I0A1 (NQ ;o DINVD 1 9INAUATS
2y,

(ND) gy rms = —25—— A,
2nfsCosapya’ (NQ, )y

rms(a2 + rZ)"s

(3.1-1)

i
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fvual®  a:Read Radius = 38x10"m

r: Read Range =~0—3cm

2 -3 2
s: Read Surface ~ (5x8)em™ =~ 4x10 m

Vrag =625 V,

rms

NQ, = 276 .554
cosa=0.9 (¢25.8°)

1.5
2x6.25x[(38x10_3 )2+0.032]

»
AU (V) rms=
Rd T x125x103 xax1073x0.9x 410~ x(38x1073)2%276.554

~1015.005 mA

rns

3.) Wi Reader Coil Tao 14 (3x6) 4 Loop
A 9 \ A v o @ qy
(18991AABINTINAVD Load Modulation NFANN N, > Ny, A9HTe 14

N =-10.83 381

Reader

3.1) Taf1 L v03 Reader Coil( L, ) Mm@ 'la = 46,26 uH

3.2) #1A1.Cs
1
10 Cs = '—2—“2'—’ (3.1-2)
4x K Ly
wld Cs = 13566 nF
4.) 9INAN (ND), ., HAZS1UIUIBUYBI Reader Coil wld
. . (NI)Read
ldrive . le e (3.1'3)
NRd
1015.005
=i =093,
083 o mA,
5) MR, 90
R; = 2TBwL , (3.1-4)

2x3.14x62.5x10°x46.26x 10"

18.157 ()
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6.) MAP,,. 9N

2
Pave = Ryl gy Rms

=159.51 mW

3.1.2 3499 Oscilator g Reader Coil Driver

(3.1-5)

L2
IK8 weial
100nF ;
! 3IM
l 23pF. 10PF’
b= vy i o ~ — E=1
gl np 2| 2ozl 2] &
gy . )
o o ° & F - :
8 355 R 5B
> o >/ &
CD4060
o m =+ w
— . — i¥-1 b L g L
oo oo o oo >
- ~ ) -3 vy o
KTC3209

—~%
__K KTAI281

/77

e

£ Vin = 12V

191 3.1.2 LEAI3995 Oscilator 4192 Reader Coil Driver

v
ﬂ‘liﬁ%l‘l\‘}’Ni]i Oscilator 1182 Reader Coil Driver ﬁ‘uﬂﬂ‘ff’ IC CD

4060 Tavdi Crystal 4 MHz {HudINAanWD BPALT 125 KHz Av15 vBeIC  sauded

NS HaeTUeT KTC 3209 uay KTA 1281 diimsasuun Insinu Twa ivedunszua 'ty

alﬁﬁu Reader Coil
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3.1.3 2999 Demodulation
:_I(X)pF
% Reader Coil
L
K2 I i0on
500 - 7K 2
2 I_\ Lun93
%2 0K
1K | o _I_ 7__1' 3 l+/A
g K 5 == = 3 10K
i = 3n9F In3F G - M
T47uF
7 /77
500
15
177 o NK
S oSl
100K 100K —97 100K

351#1°3.13 1atM93993 Demodulation

o a ' ] < o n’;’
2495 Demodulation B 23957 1FaeasHadeyanegluuiing  wapmaveniuuiu

9214 Op-Amp. 1wof £M393

Adaptive Theshold Comparator

o o o Q@ - g ¢ Aa v
Wudneasve dyaianinudnd Min1sasuuy
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3.2 MIPDANDLINNSIHAIUVES Tag
Tudmvearindaztsznoudod e
1. 997 Regulator
2. 195 Modulaion

3. 2993 4319 Data

[)1-[)4 [)5 —_—
B 2 —
e l Tag !
Lra 7 C>< TCR Regulator Vf” Tag CCT'
\ Data
BC549C

%1

1N4148 IN4148

Lp

s N e A s
100nF 22uF
|
] 2NS089
tnF
12K

ouT2 .

Q1
Ql4
Q6

Qs
Q7
Q4
Vs

=]
vden TnozunsuYeeI993 Tag 102§ UNARI995590YDY Tag

] Y & o () A d @ 1
dausznouvesnesie Tag T Ly, Wuvaadadeimihidweeinieiv-de
o ] 1 3 Y A d = LA o - Py
WEINITUING Reader 1aE Tag  @2U Cp MM N9937 lnuuas iy L, 1anud

4 = o a 1o to as ' '

125kHz #az1ilet9In Tag AlFiduviia Passive Tuflundssiondsamegnioluy udszldng

milgnimdsanu (eglugivesnssuaadu) 910 Reader Misdiuma Ly, unu
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3.2.1 MI99NUULIN07 Tag Regulator

 § A

VeeIN L g NS08 ;l Vo

Kums $r2
v 4

i‘l_l‘Vl 321 AIUVBT Tag Regulator
mﬁswumﬂumsaammmws Tag Regulator Fei1
1) fmuad vV,
({10491 Brown Out Deteet 484 PIC fimilszann 4V, fiathy T IAWDIA NN YD
29TENQIAADI DI RAIANT 4 V

fvuald V =43V (3.2-1)

0

e

W AV, ahuiseiiSUilafifiaginms discharge 99 C; Tudinie it Reader Coil

OFF

2.) MHIAT R3

(fioavinnszuai Ingray R fieh dsaunis

] Ty = AermintA51 pax (3.2-2)
Tood 1, dunszuaildlusa Lv 385-1.2 Wifamsiwsnand Fezdesdia
Yittountt 20 pA Fufudemuali I, .. $ANIAY 40 pA (Double for margin $1NN3
ilaf1R,)
gty Wunssumuaiivi’ ) lusa @, Fefidwiiy
IBl MAX ~ IOMAX
B, (3.2-3)

ﬂ§ ﬂ; = ! '
%9 1,,,,, NA0IN1sTiA11l52079 8.5 mA 11AZ9IN Datasheet Y83 BC 549B WUTIAT

L
A lszum 200 faiuve Idawes 1, ., Suifiy

1 ‘max
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Lyywax = 5x107/200 = 25 pA (3.2-4)
¥ ]
msizazdunssued Inaru R, Salinwiiiy
Iy = 40425 = 65 pa (3.2-5)

A mualiuseduanason R ganlseum 1 v muuﬂwm R LAUAIAIANNTS

R, = 1V/65pA (3.2-6)
vl R, = 15.384 k(2 (3.2-7)
@ 3 < A 8
auiuvudenls
R, = 15k{2 (3.2-8)
3.) Ao I, linionm R, lasdedwssdunnnsen R, JAunifiu 1V
"
1N Iy = RT = oy min ¥y (3.2-9)
3
¥ 3
1214 N\ % AR el (3.2-10)
unuAl RyvInaums 1-10 uagdn 1, - naunis 1-6 ve 'l
Iy < E115X10° 1225 pA (3.2-11)
I & 04166 1A 3:2-12)

winldem 1., -Sdunandinszuad LM 38s-1:2 lumsiaisnaind 7920 pa

)
-]

»
Lummﬂiuiumumimm R, \Asinsnmuadivesl,, 1309740 pA (2 0989 20 pA)

hd

ﬂﬁuuﬂiwllﬂ ICZ ‘Yll.ﬂﬂ‘il'lﬂ R ‘lNLWUQWEIGIE)ﬂ'I‘iL'lJiﬂﬂT’JM'UﬂQ LM 385-1.2 uuma

4) MSNIATR, UAE R,

pdnn Q, mﬂmmﬂmwﬁﬂauﬂau (Feedback) 171404 R, , R, uavmm

fmuald I, = 201, . fagaansaszaalaan I, Ssniesuin muu
125+ V= V| (3.2-13)
* BE? ) R1+R2 CoA
- &
N30 Vo = (1.25+ V) 1+R— (3.2-14)
2

wazdimnsovaves R2 189in

R2'= Vy, + Vs _ 1.25+ Ve, (3.2-15)
IRZ 2O]BZmax

Tavf Vipr = Vs ln( Cz"“"} (3.2-16)
BE2 (Q2)

e V. = 26mV
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I;(Q,) 911 SPICE Model 489 MPSA 18 wudilifnlseana 5.911x 10 A
] t 4
nagames I, . 1INauN1sA 1-13 YAumny 40.83 pA ANy

unuaasluauns 1-17

wla - V... = 0.589 (3.2-17)
BE2
I I
Hazn Lo = % v B (I << Tpmn) (3.2-18)
2 ﬂZ

oA B MgAvBY MPSA 18 910 Datasheet INfL 400
wla L =-166:6 1A (3.2-19)

n’: ] H o ' 1 o
nafulumua P, , uay I, asludunisi 116 Nezldsives R, miiy

B2max

R, = 552,070%£2 (3.2-20)

&
[ R AN - |

VoA Y roas ] v A 8N 3 Voo
i InaudmmumInIna 17 Wil dniutilen Rauieldld v, winnin

9/ =)
ADINTT AD

R, = 560 k(2 (3.2-21)

P =3 9 o 1 R (-]
LAgnNTUNITN 1-15 ﬂ‘BS‘lﬂﬂﬂi'lﬁ’Ju‘UB\? lR Wy
2

R v
lee O ] (3.2-22)
R, V¥ 125
UNUAT V, 1INAUNIS 1-2 Lag V,, 9INTUN1T 1-18 9219
R/R, = 134375 (3.2-23)

UNUAT R, 1inaums 1-22 921
R, = 749.051 k) (3.2-24)
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¥
[ L ] P

T 4 1 s 1 ] T J’ 4 1
usifiosnnanudiuniumdnd il dsiulden R, Gudelnla v, winndidn

Y A
ADNNTT 7D

R, = 750 k(2 (3.2-25)
5.) MIMIAC,
wa ) av
VINFUANTAYDS C i = C— (3.2-26)
g ir:
214 Co = = (3.2-27)
dt

Taof i, Al NISUAN C, discharge AUDATT d%t

b ag ¥ . Ay T e
lm%ﬂ'lﬁﬂl!ﬂnlﬂﬂﬁ discharge YB3 ) !ﬂuﬂisllﬁﬂ\iﬂﬂﬂ'llﬂ'lﬂﬂ Io

221897 oL PO (man) (32-28)
d Al g
dimuald AV, =1 (3.229)
¥
AITIY D 1053 ViSec (3.2-30)
dt
'l : C. | 21503333 2 95x10°/1953. / A(3.2-31)

AN C. = 2560 pF (3.2-32)
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3.3.2 29939314 Data

IN4148

o /47 &ﬁ( 1 Tag OCT

12K

. HC4060

VDD
Qlo :
Q8
Q9
ouTI
ouUT2

HC4060 o

Q12
Q1
Qi4
Qs
Qs
Q7
Q4
Vss

_DATA OUT

s 3.2.2 waneIsaiie Data

9 a Ao o Yo [~ o
MIVONULINIT AT Data 9L 18 HC 4060 WARA MU RHTIN Data 91099 JMnuLANE

3.2.3 24995 Modulation

ok VoD
$100
$300K
| DATA, 1 e e
‘ I f—]BS170
100n 1K
S1s0K

519 3.2.3 18A92995 Modulation

U

. ¥V ar = ¢ A o Yo £
N1900MLIUL NI Modulation '5151‘11 BS170 ﬁ‘.lumﬁ’mm L?Jﬂ“ﬂﬂﬁﬂlﬂﬁﬂ Data 19741
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3.2.4 MIAMINMNIAT NQ Y03 Tag

g‘ﬂﬁ 3.2.4-Tag Coil Wi Rectangular loop
Tag Coil 1]1 Rectangular loop 4116~ (5x8) cm’ $ 143U 15-19 501 1907 No.36 Fail
#i1 Bare die (d.)  0:36 mm , Total die = 0.4 mm 15310 94 AnualHIIn 125 kiz Swua st
V=43 V W02 L =5 mA f1uanIan (NI, 1892915499 Reader coil {ET

DCIN™

Stepl MIAUBY L,

Average width of coil = 5 cm
Average Length of coil ~ 8cm

coil height, ~,0.015'cm

x+y+2h = 5+8+(2x0.015) = 13.03 cm

X
Y
H
o
d, = 036mm ~ 0.4mm
b

width of cross section ~#Nd,+ {N-1)0.1 mm
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A15197 3.2.4 HAAINNNFUTHETTHIIS SIUIUTBVLAZA b

N(701) 15 16 17 18 19 20
b(mm) 7.40 7.90 8.40 8.90 9.40 9.90
3.3 MINaaeINIivoniiill Voltage Regulator
1 Vin = Vinmin = 7.75 V
RL No load 6.8k 3.3k 2.2k 1.8k 1.2k
Vo 4.5V 4.5V 4.4V 4.4V 4.4V 4.4V
Iin(100 .Q.) 0.07A 0.07A 0.07A 0.07A 0.07A 0.07A
To ) 0.661 mA 1.333mA 2mA 2.44mA 3.666mA
fvin=12V
RL No load 6.8k 3.3k 2.2k 1.8k 1.2k
Vo 4.4V 4.4V 4.4V 4.4V 4.4V 4.4V
Iin(100 .Q.) 0.12A 0.12A 0.12A 0.12A 0.12A 0.12A
Io O 0.647 mA 1.333mA 2mA 2.44mA 3.666mA
4 .
MVin=15V
RL No load 6.8k 3.3k 2.2k 1.8k 1.2k
Vo 4.4V 4.4V 4.4V 4.4V 4.4V 4.4V
Iin(100 .Q.) 0.15A 0.15A 0.15A 0.15A 0.15A 0.15A
Io 0 0.647 mA 1.333mA 2mA 2.44mA 3,666mA
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uni 4
A5 NAaBIAZHANIINADDBY

4.1 S8nnaeq

- flou'lWINiu2997909 Reader Coil 12V
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42 TuNpNamINAnea
@151991 4.2.1 Vin( Reader Coil) = 11V a5 0 cm

AR, () 3aTP1 (V) | 3A3ATP2 (V)

No load 18.2 5.0
6.8k 18.0 5.0
3.3k 17.6 5.0

2.2 T — 5.0

Ni7Z58
4

N
= \LLLJ "
TN a8 \\
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luszez 0cm
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wnansiluenansnanulidwsunisldanuienisfnwivingu lueygrsalihluldusslevdaunisdn
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1
=

A137197 4.2.2  Vin( Reader Coil) = 11V 109132 0.5 cm

AR, (D) IATP1 (V) AIATP2 (V)
No load 18.6 o |
6.8k 18.2 5.0
3.3k 17.7 5.0
2.2k 17.2 4.9

g

foalsanuNYada

] = v o ) ] ~ = & ! v o ] ¢ v Y
wnanstluenasnanulidmsunisldnumenisnwvinuu ldeygnlmhluldusslewisunisen

Lidnsdilagvieau dnvievnuilvidaudasilent wazdaseadadadvesenarsynasaninisunluly
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#1519% 4.2.3  Vin( Reader Coil) = 11V 3915202 1 cm

MR, (D) ATATPL (V) A IATP2 (V)
No load 17.8 5.0
6.8k 17.8 5.0
3.3k 17.4 4.9

2.2k 17.1 4.9

491 R B NUA1Y09L59AUNTATA

1dwla

] = v o ) ] ~ = & ! v o ] ¢ v Y
wnansiluenansnanulidwsunisldanuienisfnwivingu lueygrsalihluldusslevdaunisdn

Lidnsdilagvieau dnvievnuilvidaudasiient wazdasoadadadvesenalsynasaninisualuly
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A15719N 4.2.4 Vin( Reader Coil) = 11V aN5282 1.5 cm

AR, (D) IATPL (V) | 9A3ATP2 (V)
No load 18.4 5.0
6.8k 17.6 5.0
3.3k 16.9 4.9
2.2k 16.6 4.9
4.9

-------

U 4.2.4 waanNUATREETSWITIN R, A1A g dumivessnuigaia

luszoz 1.5em

] = v o ) ] ~ = 3 ! v o ] ¢ v v
wnansiluenansnanulidwsunisldanuienisfnwivingu lueygrsalihluldusslevdaunisdn

Lidnsdilagvieau dnvievnuilvidaudasilent wazdaseadadadvesenarsynasaninisunluly
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A1514% 4.2.5 Vin( Reader Coil) = 11V JaNs2ee 2 cm

AR, (D) AIATP1 (V) AIATP2 (V)
No load 18.1 5.0
6.8k 17.3 5.0
3.3k 16.3 4.9
2.2k 16.2 4.8

.........

‘n\h:(\cn’fl} LG L

31U 4.2.5 waRIRNUFURTITTIHan IR, TR 19 i UA1YB LS I UTIgA TR

lusges 2 em

] = v o ) ] ~ = & ! v o ] ¢ v Y
wnanstluenasnanulidmsunisldnumenisnwvinuu ldeygnlmhluldusslewisunisen

Lidnsdilagvieau dnvievnuilvidaudasilent wazdaseadadadvesenarsynasaninisunluly
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A1319N 4.2.6 Vin( Reader Coil) = 11V 395282 2.5 cm

AR, (D) AIATP1 (V) IATP2 (V)
No load 17.0 5.0
6.8k 16.8 4.9
3.3k 16.2 4.9
2.2k 15.6 4.8
4.8

P N

91l 4.2.6 uaRIRMUANIUFITMINAT R, AIA9AUAIvENLTIAUTIYATA

lusgoz 2 .5cm

] = v o ) ] ~ = 3 ! v o ] ¢ v v
wnansiluenansnanulidwsunisldanuienisfnwivingu lueygrsalihluldusslevdaunisdn

Lidnsdilagvieau dnvievnuilvidaudasilent wazdaseadadadvesenarsynasaninisunluly
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A15199 4.2.7 Vin( Reader Coil) = 11V JAN5202 3 cm

S

a1 R, (D) 9AIATPI (V) AIATP2 (V)
No load 16.9 4.9
6.8k 15.8 4.8
3.3k 15.2 4.8
2.2k 14.8 47
1.8k 158 4.7
RN\Z2
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] = v o ) ] ~ = 3 ! v o ] ¢ v v
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M3°19N 4.2.8 11D Vin( Reader Coil) = 11V R, =no load

5¢4% (cm) TP1 (V) TP2(V)
(ﬁauﬁl"lRegulator) (Hﬁ'{\l{l”lRegulator)
0 18.2 5.0
0.5 18.6 5.1
1.0 17.8 5.0

4 v @ ' @
31U 4.2.8 HAAIANUFUAUTITNIIWTIAY (v) 1DLILEENI (cm)

e R, = no load

] = v o ) ] ~ = & ! v o ] ¢ v v
wnasiuenansnavulidmsunisldnuienisfnwivingu lueygalihluldusslevdaunisin

Lidnsdilagvieau dnvievnuilvidaudasilent wazdaseadadadvesenarsynasaninisunluly
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4.3 HANINAARIIANAVDY Load Modulation

fszez 0 cm.
Volts/div = 2 Volts/div

Time/div = 2 ms /div

N5z 0.5 cm.
Volts/divi= 2 Volts/div

Time/divi= 5 ms /div

sifd3.2 HawpIEoad Modilation’ 153 U%.0)5 el

‘l?lﬁ Y9y 1 cm.
Volts/div = 2 Volts/div

Time/div= 5 ms /div

311 4.3.3 WOUBI Load Modulation N3520% 1 cm.



57

fNszue 1.5 cm.
Volts/div = 2 Volts/div

Time/div = 5 ms /div

EERIE) J N320% 2 cm.
5. SN 37 :
i TR Volts/diva? Volts/div

NG NIRRT Time/div=-5 ms /diy

e

517 4.3.5 WOUDI Load Modulation 71358 2 cm.
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ﬁi $8% 2.5 cm.
Volts/div = 2 Volts/div

Time/div = 5 ms /div

N3z G-cm.
Nolts/div &2 Volts/div

Time/div =45/ms /div

g'ﬂﬁ 4.3.7 WaUD9 Load Modulation 15202 3 cm.
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’ @ MOTOROLA

Low Offset Voltage
Dual Comparators

The LM393 series are dual independent precision voltage comparators

capable of single or split supply operation. These devices are designed to
permit a common mode range-to—ground level with single supply operation.
Input offset voltage specifications as low as 2.0 mV make this device an
excellent selection for many applications in consumer automotive, and
industrial electronics.

Wide Single-Supply Range: 2.0 Vdc to 36 Vde

Split-Supply Range: +1.0 Vdc to +18 Vde

Very Low Current Drain independent of Supply Voltage: 0.4 mA
Low Input Bias Current: 25 nA

Low Input Offset Current: 5.0 nA

Low Input Offset Voltage: 2.0 mV (max) LM393A
5.0 mV (max) LM293/393

® Input Common Mode Range to Ground Level
¢ Differential Input Voltage Range Equal to Power Supply Voltage
& Qutput Voltage Compatible with DTL, ECL, TTL, MOS, and CMOS Logic

Levels
ESD Clamps on the Inputs Increase the Ruggedness of the Device
without Affecting Performance

Representative Schematic Diagram
(Diagram shown is for 1 comparator)
Vee + Input = Input Output
=] ? Q o]
R2
2.1k
Q4
Py O I [ ai4
20k | N AN
ol
Yy b 4
- Q19 >—} >—G)1ﬁ
o o8 o
Q2 Q18
Rl an
46k
) R

Order this document by LM393/D

LM393, LM393A,
LM293, LM2903,
LM2903V

SINGLE SUPPLY, LOW POWER
DUAL COMPARATORS

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

S

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SC-8)

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Operating

Device |Temperature Range( Package
LM283D Ta = -25°to +85°C SO-8
£M393D S0-8

TA=0°t0+70°C
LM383AN,N Plastic DIP
LM2003D | _ 40010 +105°C 80-8
LM2803N Plastic DIP
LM2903VD SO-8
Tp = —40° to +105°C
LM2903VN Plastic DIP
® Motorola, Inc, 1996 Rev 1



LM393, LM393A, LM293, LM2903, LM2903V

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage vee +36 or118 Vde
Input Differential Voltage Range VIDR 36 Vde
Input Common Mode Voltage Range VICR ~0.3to +36 Vdc
Output Short Circuit-to~Ground Isc Continuous mA
Output Sink Current (Note 1) ISink 20
Power Dissipation @ Tp = 25°C PD 570 mw
Derate above 25°C . 1/RgyA 57 mW/reC
Operating Ambient Temperature Range Ta °C
LM293 -25 10 +85
LM393, 393A 0to+70
LM2903 —40 to +105
LM2903V -40to+125
Maximum Operating Junction Temperature TJ{max) °C
LM393, 393A, 2903, LM2903V 125
LM293 150
Storage Temperature Range Tstg 65 1o +150 °C

ELECTRICAL CHARACTERISTICS (Vgc = 5.0Vdc, Tiow < TA < Thigh,” unless otherwise noted.)

LM393A
Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Note 2) Vio mv
Ta=25°C = 1.0 +2.0
Tiow<TA< Thigh - - 4.0
Input Offset Current lio nA
Ta =25°C - 150 +50
Tiow<Ta < Thigh . - - +150
input Bias Current (Note 3) he nA
Ta =25C - 25 250
Tiow s TA < Thigh - - 400
Input Common Mode Voltage Range (Note 4) VICR v
Ta=25°C 0 - Voo -1.5
Tiow S TA < Thigh 0 - Ve -2.0
Volage Gain Ry_2 15 ki), Vo = 15 Vdc, Ta = 25°C AyoL 50 200 - Vimv
Large Signal Response Time - - 300 - ns
Vin = TTL Logic Swing, Vief= 1.4 Vde
VRL =5.0Vde, R = 5.1 kQ, Ta =25°C
Response Time (Note 5) VR = §.0 Vde, R = 5.1k, Ta = 25°C tTLH - 1.3 - us
Input Differential Voitage (Note 6) Vip - - Vee v
All Vi, 2 Gnd or V= Supply (if used)
Qutput Sink Current ISink 6.0 16 - mA
Vin 2 1.0 Vdc, Vip+ = 0 Vde, Vo s 1.5 Vdc, Ta = 25°C
QOutput Saturation Voltage VoL mv
Vin 2 1.0 Vde, Vip+ = 0 Vdc, Igink < 4.0 mA, Ta = 25°C - 150 400
Tiow < TA = Thigh - - 700

*Tiow = 0°C, Thigh = +70°C for LM393/393A

NOTES: 1. The maximum output current may be as high as 20 mA, independent of the magnitude of V. output short circuits te Vo can cause excessive

heating and eventual destruction,

2. Al output swilch point, Vg =1.4 Vdc, Rg = 0 Q with Vg from 5.0 Vide to 30 Vde, and over the full input common mode range (0 Vio Voo ==1.5V).

3. Due fo the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output state, there
fore, no lcading changes will exist on the input lines.

4. Input common mode of either input should not be permitted to go more than 0.3 V negative of graund or minus supply. The upper limit of common
mode range is Voo =1.5 V.

5. Response time is specified with 2 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are obtainabie.

6. The comparator will exhibft proper output state if one of the inputs becomes greater than Vo, the other input must remain within the common mede
range. The low input state must not be less than -0.3 V of ground or minus supply.

2 MOTOROLA ANALOG IC DEVICE DATA



LM393, LM393A, LM293, LM2903, LM2903V
ELECTRICAL CHARACTERISTICS (Vo =5.0 Vdg, Tiow < TA < Thigh.” unless otherwise noted.)

. LM393A
Characteristic Symbol Min Typ Max Unit
Output Leakage Current loL LA
Vin-=0V, Vin+ 2 1.0 Vde, Vo = 5.0 Vdc, Ta= 25°C ~ 0.1 -
Vin—= 0V, Vin+ 21.0Vde, Vg = 30 Vdc, Tiow < TA S Thigh - - 1.0
Supply Current Icc mA
R = = Both Comparators, Ta = 25°C - 04 1.0
R| = « Both Comparators, Ve = 30V - 1.0 2.5
ELECTRICAL CHARACTERISTICS (Ve = 5.0 Vde, Tiow S Ta < Thigh, unless otherwise noted.)
LM392, LM393 LM2903, LM2303V
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 2) Vio mv
Ta=25°C - 1.0 5.0 - 12.0 7.0
Tiow < TA = Thigh - - 9.0 - 9.0 15
Input Offset Current o nA
Tp=25C - 5.0 +50 - $5.0 +50
Tiow = TA < Thigh - - +150 - 150 +200
Input Bias Current (Note 3) B nA
Ta=25°C - 25 250 - 25 250
Tiow = TA < Thigh ! - - 400 - 200 500
Input Common Mode Voltage Range (Note 3) VICrR \%
Ta=25°C 0 - Ve -1.5 0 — Vee-1.5
Tiow < TA < Thigh 0 = Voo -2.0 0 - Vee =20
Voltage Gain AvoL 50 200 2 25 200 - VimV
RL 215kQ, Vo = 15 Vde, Tp = 25°C
Large Signal Response Time - - 300 - - 300 - ns
Vin = TTL Logic Swing, Vief= 1.4 Vdc
VRL = 5.0 Vde, R = 5.1kQ, Ta =25°C
Response Time (Note 5) TLH - 13 - - 1.5 - us
VRL = 5.0 Vde, R = 5.1k, Tp =25°C
Input Differential Voltage (Note 6) ViD = - Vee - - vee A
All Vi 2 Gnd or V- Supply {if used)
Output Sink Current ISink 6.0 16 - 6.0 16 - mA
Vip 2 1.0 Vdc, Vip+ = 0 Vde, Vg < 1.5 Vde Tp = 25°C
Qutput Saturation Voltage VoL mvV
Vin 2 1.0 Vde, Vip+ = 0, Igink < 4.0 mA, T4 =25°C - 150 400 - - 400
Tiow = TA < Thigh - - 700 - 200 700
Output Leakage Current ok nA
Vin—=0V, Vip+ 2 1.0 Vdc, Vo = 5.0 Vde, Tp =25°C - 0.1 - - 0.1 -
Vin— =0V, Vip+ 2 1.0 Vdc,. Vg = 30 Vdc,
TiowsTA S Thigh - - 1000 - - 1000
Supply Current Ice mA
R = « Both Comparators, Tp = 25°C - 0.4 1.0 - 0.4 1.0
R = « Both Comparators, Vo =30V - - 25 - - 25

*Tiow = 0°C, Thigh = +70°C for LM393/393A
LM293 Tjo = -%"C. Thigh = +85°C
LM2903 Tioy, = —40°C, Thigh = +105°C
LM2903V Tigy = —40°C, Thigh = +125°C

NOTES: 2. At outpul switch point, Vg = 1.4 Vdc, Rg = 0 Q with Vg, from 5.0 Vdc to 30 Vde, and aver the full input comrmon mode range (0 V to Vag = -1.5 V).
3. Due to the PNF transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output sfate, there
fore, no loading changes will exist on the input lines,
5. Response time is specified with a8 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are obtainable.
6. The comparator will exhibit proper output state if one of the inputs becomes greater than Ve, the other input must remain within the common mode
range. The low input state must not be less than —0.3 V of ground or minus supply.

MOTOROLA ANALOG IC DEVICE DATA 3




LM393, LM393A, LM293, LM2903, LM2903V

LM293/393,A
Figure 1. Input Bias Current versus
Power Supply Voltage
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Figure 3. Qutput Saturation Voltage
versus Output Sink Current
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Figure 5. Power Supply Current versus
Power Supply Voltage
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LM2903
Figure 2. Input Bias Current versus
Power Supply Voltage
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versus Qutput Sink Current
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Power Supply Voltage
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LM393, LM393A, LM293, LM2903, LM2903V
APPLICATIONS INFORMATION

These dual comparators feature high gain, wide
bandwidth characteristics. This gives the device oscillation
tendencies if the outputs are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (VoL to VoH). To alleviate this
situation, input resistors <10 kQ should be used.

Figure 7. Zero Crossing Detector
{Single Supply)

The addition of positive feedback (<10mV) is also
recommended. It is good design practice to ground all
unused pins.

Differential input voltages may be larger than supply
voltage without damaging the comparator's inputs. Voltages
more negative than —0.3 V should not be used.

Figure 8. Zero Crossing Detector
{Split Supply)

i Vin Vin(min)
R1 R4 R5 g
g2k 220k & 220k 10k
Vi b [2]
n R4 68k —_
D1 R2
) ) f VeeT— 71
15k 10M I
R3 Vo } €
= |
D1 prevents input from going negative by more than. 0.6 V. -VEE >« 40 |
R1+R2=R3
RS Vin(min) = 0.4 V peakfor 1% phase distortion (A©).
R3< ﬁ for small error in zero crossing.
Figure 9. Free-Running Square-Wave Oscillator Figure 10, Time Delay Generator
1.0MQ
AN vee
Ry
! - 10k
V —
GC 7 000TKF | Litsas Vo
+
% 51k
NAAS
51k i vee “ON" fart =t +at
Vo where: Vin Vat I | I
= 0 s RC €| o Vo, '
: Voo % — ¢|L_ :L
Vo Iy, ——
% ref I ‘—‘
b e —1—>
Figure 11, Comparator with Hysteresis
Vee
Rg= R1|| R2
Rg RL
7 ) (Voo ~Viet) R
Vit = Vel ¢ Ry R+ R
{Vref -Vo Low) R1
R Vinz = Vief - — mrro
Vief @—An—8 M
R2
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LM393, LM393A, LM293, LM2903, LM2303V

OUTLINE DIMENSIONS
"'l Jll Iﬂ'l I'll N SUFFIX N%TE;MENSION L TO CENTER OF LEAD WHEN
PLASTIC PACKAGE -
* 5 FORMED PARALLEL.
CASE 626-05 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
D ) ISSUE K SQUARE CORNERS}.
3. DIMENSIONING AND TOLERANCING PER ANS!

01 Y14.5M, 1982

MILLIMETERS INCHES
MIN MAX MIN | MaX

q
=
fa

=

A 9.40 16 | 0370 | 0.400 |
B | 610 | 660 [ 0240 | 0260
A }—> C | 394 | 485 | 0455 [ 0175
NOTE 2 =A~] D | 038 | 05t [ 0015 [ ooz
* L— F | a0 | 178 [ 0080 | 007
G | 2siBsC 0.100 BSC
H | 076 ] 127 | 0030 | ooso
J | 020 030 ] 0008 | o2
K| 2921 343 ] 0115 | 0135
L] ieesc 000BSC
M| — | w0°] —[ 10°
N

076 | 101 | 0.030 [ 0.040

) LK oy

G
[©]@ 01310.005®[T[A @[ @]

D SUFFIX
PLASTIC PACKAGE
CASE 75105
(SO-8)

NCTES:
D ISSUE R 1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1954.
2. DIMENSIONS ARE IN MILLIMETERS.
1 5 c 3. DIMENSICN D AND E DO NOT INCLUDE MOLD

{f PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

E H Em - DIMENSION B DOES NOT INGLUDE MOLD
PROTRUSION SHALL BE 0,127 TOTAL IN EXCESS

8

-
o

PROTRUSION. ALLOWABLE DAMBAR
OF THE B DIMENSION AT MAXIMUM MATERIAL

3 CONDITION.
MILLIMETERS
B] —’ll‘— | DIM [ MIN_]_MAX
h xase A 138 1,76
— A At 0.10 0.28
B 0.35 049
SEATING c 013 0.25
ﬁ PLANE b [T 480 [ 7500
e E 3.80 4.00
] =00 e
Al B L h | 0257 050
L .40 .25
[$]02s ®][c[e ®[AE)] .V L

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Molorola assume any liability arising out of the application or use of any preduct or circuit, and
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CD4020BM/CD4020BC
CD4040BM/CD4040BC
CD4060BM/CD4060BC

General Description

The CD4020BM/CD4020BC, CD4060BM/CD4060BC are
14-stage ripple carry binary counters, and the CD4040BM/
CD4040BC is a 12-stage ripple carry binary counter.. The
counters are advanced one count.on the negative transition
of each clock pulse. The counters are reset to-the zero slate
by & logical "1” at the reset input independent of clock.

ﬂNational Semiconductor

14-Stage Ripple Carry Binary Counters
12-Stage Ripple Carry Binary Counters

14-Stage Ripple Carry Binary Counters

February 1988
Features
W Wide supply voltage range 1.0V to 18V
m High noise immunity 0.45 Vpp (typ.}

Fan out of 2 driving 74L
or 1 driving 74LS
& MHz typ. at Vpp = 10V

W Low power TTL
compatibility

N Mediurn speed operation

B Schmitt trigger clock-input

Connection Diagrams

DuaHin-Line Package
CD4020BM/CD4020BC
Vpp ©13 0 Qg - O3 RESET ¢ [}
Lo fs Jo fo oz fn o )s

|

Vss
|| 2 3 ] [ 8 7 F
02 @3 0y4 Gy 05 Q7 Qg Vs
TL/F/5953-1
Top View
DuakIn-Line Package
CD4040BM/CD4040BC
vop @1 010 Oy Op PESET. # 1
ln bs Ju Jrao]iz In fre s
VoD l
Vss

| 3 O O O G F
[ TR i1 by 04 03 Iz Vss
TL/F/5953-2

Top View

Order Number CD40208, CD4040B or CD4DE0B

Duakin-Line Package
CD4060BM/CD4060BC
Voo D19 Oy Qp RESET &1 9 &g
1 Jis  ft fmobi I '10 |o
vpp l
D)

Vss
| t 2 3 [l [ 8 7 F
012 013 Oy Qg Qs 0; o

vss
TL/F/5853-3

©1905 National Semiconducior Corporation  TL/F/59583
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Absolute Maximum Ratings (Notes 1and 2)
If Military/Aerospace speclfied devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availabllity and speciications.

Supply Voitage (Vpp)
input Voltage (Vi)
Storage Temperature Range (Tg)
Package Dissipation (Pp)
Dual-In-Line
Small Outline

Lead Temperature (T)
{Soldering, 10 seconds)

—0.5V o +18Y
—D.5V 10 Vpp +0.5V
~65°C 10 +150°C

700 mW
500 mW

260°C

Recommended Operating

Conditions
Supply Voitage (Vpp) +3Vto + 15V
Input Voltage (Vi) OV o Vpp
Operating Temperature Rangs (Ta)
CD40XXEM -55'Cto +125°C
CD40XXBC —40°C to +85°C

DC Electrical Characteristics cosoxxsm (Note 2)

Symbol Parameter Conditlcns ik +25c +125°C Units
Min | Max. | Min | Typ | Max | Min | Max
lop Quiescent Device Current | Vpp = 5V, V|N = Vpp or Vss 5 5 1680 | pA
Vpp = 10V, ViN = Vpp or Veg 10 10 300 | pA
Voo = 15V, ViN. = Vpp of Vgg 20 20 600 [ pA
VoL Low Leval Quiput Voltags | Vpp = 5V 0.05 1] 0.05 0.05| V
Vpp = 10V 0.05 0 0.05 0.05| V
Vpp =15V 0.05 0 0.05 005} V
VoH High Level Output Voltage | Vpp =5V 4.85 4,95 5 4.95 A
Vpp = 10V g.95 8.85 10 8.95 v
Vpp = 15V 14.95 14,95 15 14,95 v
ViL Low Level input Voltage |Vpp = 5V, Vg = 0.5V or 4.5V 1.5 2 1.5 1.5 v
Vpp = 10V, Vg = 1.0V or 9.0V 3.0 4 3.0 30 Vv
Voo = 15V, Vg = 1.5V or 13.5V 4.0 g 4.0 401 Vv
ViH High Levelinput Voltege |Vpp = 5V, Vg = 0.5V or 4.5V 3.5 3.5 <) 3.5 v
Vpp = 10V, Vo = 1.0Vor 9.0V | 7.0 7.0 6 7.0 '
Vppo = 15V. Vg = 1.5V er 13.5vV|-11.0 11.0 9 11,0 v
loL Low Level Output Current | Vpp = 5V, Vo = 0.4V 0.64 0.51 0.88 0.396 mA
(See Note 3) Vpp = 10V, Vo = 0.5V 1.6 13 2.26 0.9 mA
Vpp = 15V, Vo = 1.5¥ 4.2 34 | &8 24 mA
lon High Level Output Currént | Vpp = 8V, Vg = 4.6V ~0.64 =0.51| ~0.68 =0.36 mA
(See Note 3} Vpp= 10V, Vg = 8.5V -1.6 1.8 =225 —0.9 mA
Vpo= 15V, Vg = 13.5V —4.2 -3.47] —88 —2.4 mA
N Input Current Vpp = 15V, Vi = 0V —010 ~10-5] —-0.10 —1.0] pA
Vpp = 15V, Vi = 15V 0.10 10-5 | 0.0 1.0 | pA

Nate 1: “Absolute Maximurn Ratings” are those values beyond which the safety of the device cannct be guaranteed. They are not meant 1o imply that the devices

shouid be oparated at these kmits. The tables of “Recommended Operating Conditions™ and “Electrical Cl

oparation.

Note 2: Vgg = OV unless otherwise specifiad.
Note 3: Data does not apply to oaciliator poinis ¢g and $g of CDA0608M/CD4060BC. Ion Bnd lg are tested ona output at.a time.

DC Electrical Characteristics soxxec vote 2)

for actual device

previda

- 0 + ]
Symbol Parameter Conditions ABS tasc 85'c Units
Min | Max [ Min | Typ | Max | MIn | Max

Ipp Ciiescent Davige Current | Vpp = 5V, Vi = Vpp or Vgg 20 20 150 pA
Vpp = 10V, VN = Vpp or Vss 40 40 300 pA
Voo = 15V, Viny = Vpp or Vgg 80 80 600 pA

VoL Low Leve! Output Voltage | Vpp = 5V 0.05 0 0.05 0.05 \'
Vpp = 10V 0.0§ o | 008 005} V
Vpp = 15V 0.05 0 0.05 0.05 v




DC Electrical Characteristics 40xxac (Note 2) (Continued)

—_— 1° + ., it
Symbol Parameter Conditions Ao°c 25°¢ +85°C Units
Min | Max | Min Typ Max | Min | Max
VoH High Level Output Voltage | Vpp = 5V 4,95 4.95 5 4.95 v
Vpp = 10V 9.85 895 10 9.95 %
Vpp = 15V 14.95 14.95 15 14.95 v
viL Low Level Input Voltage |Vpp = 5V, Vg = 0.5V or 4.5V 1.5 2 1.5 1.5 A
Vpp = 10V, Vg = 1.0V or 8.0V 3.0 4 3.0 30 V
Vpp = 15V, Vp = 1.5V or 13,5V 4.0 (] 4.0 40| V
Viy High Leve! Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 35 v
Vpp = 10V,Vg = 1.0Voroov | 7.0 7.0 6 7.0 v
Vpp = 15V, Vo = 1.5V or 13.6v| 11.0 11.0 9 11.0 v
loL Low Level Output Current | Vpp = 5V, Vg = 0.4V 0.52 0.44 | 0.88 0.36 mA
(See Note 3) Vpp = 10V, Vg = 0.5V 1.3 11 | 225 0.9 mA
Vpp =15V, Vg = 1.5V 38 30 | 88 2.4 mA
lon High Level Output Current | Vpp = 5V, Vo = 4.6V -0.52 —0:441 =088 —-0.36 mA
(Ses Note 3) Vpp = 10V, Vg = 9.5V -1.3 -11| =225 —-0.9 mA
Vppo = 15V, Vg = 13.5V —-38.6 —3.0] -88 -2.4 mA
N Input Current Vop = 15V, Vi = 0V =0.30 -10-5(-0.30 -1.0f pA
Vpo = 15V, Viy = 15V 0.30 10-5 | 0.30 10 | pA
AC Electrical Characteristics* cpso208M/¢040208C, CD40408M/CDA040BE
Ta = 25°C, O = B0 pF, Ry = 200k, t; = 1; = 20 ns, unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tPHL1. PLMA Propagation Delay Time to Qy Vpp = 8V 250 550 ns
Vpp = 10V 100 210 ns
Vpp = 15V 75 150 ns
tpHL. tPLH Interstage Propagation Delay Time Vpp = 5V 150 330 hs
fram Qp to On'yq Yop = 10V 60 125 ns
Vpp = 15V 45 80 ns
trL. trLp Transition Time Voo = 5V 100 200 ns
Vgp = 10V 50 100 ns
Vpp = 16V 40 80 ns
twi twh Minimum Clock Pulse Width Vpp = 5V 125 835 ns
Vg = 10V 50 125 ns
Vpp = 18V 40 100 ns
toL toL Maximum Clock Rise and Fall Time Vpp = 5V No Limit ns
Vpp = 10V No Lirnit ns
Voo =15V No Limit ns
fou Maximum Cleck Frequency Vpp = 5V 1.5 4 MHz
Vpp = 10V 4 10 MHz
Vpp =15V 5 12 MHz
tPHL(R) Resat Propagation Delay Vop = §V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
twH(R) Minimum Reset Pulse Width Vpp = 5V 200 450 ns
Vpp = 10V 100 210 ns
Voo = 15V 80 170 ns
Cin Average Input Capacitance Any Input 5 7.5 pF
Cod Power Dissipation Gapacitance 50 pF
*AG Py are g by DC tesling.




AC Electrical Characteristics* cbaoeosm/cDaosoBC

Ta = 25°C, G = 50 pF, R = 200k, t, = ty = 20 ns, unless otherwise noted

Symbol Parameter Condltions Min Typ Max Units
tpHL4. tPLHA Propagation Delay Time to Qg Vpp = 5V 550 1300 ns
Vpop = 10V 250 525 ns
Vpp = 15V 200 400 ns
tpHL- tPLH Interstage Propagation Delay Time Vpp = 5V 150 330 ns
from Qp to Qn + 14 Vpp = 10V 60 125 ns
Vop = 15V 45 80 ns
tTHL tTLH Transition Time Vopp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vop = 15V 40 80 ns
twi. twH Minimum Clock Pulse Width Vpp = 5V 170 500 ns
Vpop = 10V 65 170 ns
Vop = 15V 50 125 ns
trow Yol Maximum Clock Rise and Fall Time Vpp = 5V No Limit ns
Vpp =10V No Limit ns
Vop = 15V No Limit ns
for Maximum Clock Frequency Vpp =5V 1 3 MHz
Vpp =10V 3 8 MHz
Vpp = 15V 4 10 MHz
tPHL{R) Resat Propagation Delay Vpp = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 18V 80 170 ns
twh(R) Minimum Reset Pulse Width Vpo = 5V 200 450 ns
Vop = 10V 100 210 ns
Vpp = 15V 80 170 ns
Can Average Input Capacitance Any Input 5 7.5 pF
Cpd Powaer Dissipation Capacitance 5D pF
"AG P ae g by DC d testing.
CD4060B Typical Oscillator Connections
RC Oscillator Crystal Osclllator
12 12
RESETO— 70 COUNTER  RESETO-— Do 0 COUNTER
-DOAFDO_' D © —Do"smitsN -DO—_D_ —Do-_STAGtS
11 10 3 Ny 15un j 10 90
Ri . 2
32.7634Hz S 330k
. cl 10pF 22 39 pF
TLIF/5953-4
- TLIF/5953-5




Schematic Diagrams
CD4020BM/CD4020BC Schematic Diagram

g [} —i* —1¢ +
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CDA4D40BM/CD4040BC Schematic Diagram
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CD4060BM/CD4060BC Schematic Diagram
L —t¢ > F=-te J
1 2 - ) _ a [ = [
= a M1 2 Fn T e -T- [
) | )1 Z 1
1 R 1 )| i 1
El"“ o ! Polad Wb d F o LI S L S
L] 12 17 n 1 ] 1] 7
. # [ o 7 4 + # e
[]-vm
TL/F/5953-8




Counters

inary

leCarry B

ipp

le Carry Binary Counters/CD4040BM/BC 12-Stage

Counters CD4060BM/BC 14-Stage R

CD4020BM/BC 14-Stage Ripp

Ripple Carry Binary

Physical Dimensions inches miimaters)

0.785
[18.94) MAX ——~
6 [

—
0.220-0.310
|5.59-7.27]
0.025
*lod ! * \_ 003-0.02
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Ceramic Dual-in-Line Package {J)
Order Number CD4020BMJ, CD4020BCJ,

CD4040BMJ, CD4040BCJ, CD4060BMJ or CD4060BCS
NS Package Number J16A

0.740 - 0.730

0,085
0430 6,005 .08 a© e 0.300= 0320 {1881
t Bazzoawy - |-z P ool |“ OPTIONAL _'I {7.620= 8.128) I |
0.145=0.200 I
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Mgolded Dual-in-Line Package (N)
Order Number CD4020BMN, CD4020BCN,
CD4040BMN, CD4040BCN, CC4060BMN or CD4060BCN
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUGCTS ARE NOT AUTHORIZED FOR- USE AS CRITICAL COMPONENTS IN'LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION, As used herain:

1. Lile support devices or systems-are devices or
systems which, (a) are intended.for surgicel implant
into the body, or (b) support or sustain'life, and whose
failure to perform, when properly used.in_accordance
with instructions for use provided in the labeling, can
be reasonably expected 1o result in a significant Injury
to the user.

.

2, A critical ‘component is -any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support_device or system, or to affect its safety or
effectiveness.,

National Semiconductor National Semiconductor National Semiconductor National Semiconducior
Corporation Eurcpe Hong Kong Lid. Japan Lid.

1111 Wast Bardin Road Fax; (+48) 0.180-530 85 66 13th Flcor, Siraight Block, Tel: B1-043-209-2208
Adington, TX 76017 Emall: ¢nlwge® tevm2.n8C.coM Ocean Centre, 5 Canton Rd, Fax: 81-043-209-2408
Tek 1(600) 272-0050 Deutsch Tet (+48) 0-180-530 85 65 Teimshatsui, Kowloon

Fax: (800) 737-7018 English  Tel: (+49) 0-180-532 78 32 Hong Kong

Francais Tek: (+49) 0-180-532 83 58
Raliano  Tel; (+48) 0-180-534 16 89

Tel: (852) 2737.1600
Fax: {852) 2736-9860
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TMOS FET Switching

N-Channel — Enhancement

BS170

1 DRAIN
|_
e
([
GATE
®
T™MOS 3 SOURCE
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain~Source Voltage Vps 60 Vde
Gate—Source Voltage Cl}r%E-gz 25 -gz),-sz;:k: 30
— Continuous VGs 20 Vde ( )
— Non-repelitive (tp <50 us) VGsm 140 Vpk
Drain Current(1) D 0.5 Adc
Total Device Dissipation @ Ta = 25°C Pp 350 mw
Operating and Storage Junction TJ, Tsig =55 to +150 °C
Temperature Range
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol l Min J Typ | Max I Unit ]
OFF CHARACTERISTICS
Gate Reverse Current IGss — 001 10 nAdc
(Ves =15 Vde, Vps = 0)
Drain-Source Breakdown Voltage V(BR)DSS 60 90 — Vde
Vgs =0, Ip = 100 pAdc)
ON CHARACTERISTICS(2)
Gate Threshold Voltage VGS(Th) 0.8 20 3.0 Vdc
(Vps = VGs. Ip = 1.0 mAdc)
Static Drain-Source On Resistance DS(on) — 1.8 5.0 [o}
(Vs = 10 Vdc, Ip = 200 mAdg)
Drain Cutoff Current 'D(off) — — 0.5 pA
(Vps = 25 Vdc, Vs = 0 Vde)
Forward Transconductance Ofs — 200 — mmhos
(Vps = 10 Vdc, Ip = 250 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Input Capacitance Ciss - — 60 pF
(Vps = 10 Vde, Vgg = 0, 1= 1.0 MHz)
SWITCHING CHARACTERISTICS
Turm-On Time ton -_ 4.0 10 ns
(Ip = 0.2 Adc) See Figure 1
Turn—Off Time toff — 4.0 10 ns
{Ip = 0.2 Adc) See Figure 1

1. The Power Dissipation of the package may result in a lower continuous drain current.

2. Pulse Test; Pulse Width < 300 ps, Duty Cycle < 2.0%.

REV 1

© Motorola, inc, 1997
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BS170

RESISTIVE SWITCHING

+25V
v ton loft
n 1250 TO SAMPLING SCOPE
0B SOQiNP\l;T o
(F= 509 ATTENUATOR [ out
= = OUTPUT Vout 10%
LoMQ INVERTED
L 90%
1 1 10% 50%
= = v
} INPUT  Vin PULSE
(Vin Amplititude 10 Volis) < WIDTH

Figure 1. Switching Test Circuit

20 I
w VDS =VG§
& 18 D=10mA
3
>
9 12 e
% \--._
w
[i4
£ 08 L ST
£
>8 04
9
50 0 50 100 150
T 5, JUNCTION TEMPERATURE (°C)
Figure 3. Vgs(th) Normalized versus Temperature
2.
0 Vs =10V
& 16 7 9.0V
2 8OV
% 12 '
o
3 7.0V}
=
08
g / 80V
=
= 04 5.0V
4.0 V4
0 10 20 30 40

Vps, PRAIN-TO-SOURCE VOLTAGE (VOLTS)

Figure 5. Output Characteristics

ID{on): DRAIN CURRENT {AMPS)

C, CAPACITANCE (pF)

Figure 2. Switching Waveforms
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 4. On=Region Characteristics
100
80 Ves =0V
60 \\
A
40 \\ %
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Figure 6. Capacitance versus
Drain-To-Source Voltage
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PACKAGE DIMENSIONS

BS170

Tl
-

SECTION X=X

CASE 029-04
{TO-226AA)
ISSUE AD

NOTES:

1

z
3

4

DIMENSIONING AND TOLERANCING PER ANSI
Y14,5M, 1982.

CONTROLLING DIMENSION. INCH,

CONTOUR OF PACKAGE BEYOND DIMENSION R
1S UNCONTROLLED.

DIMENSION F APPLIES BETWEEN P AND L.
DIMENSION D AND J APPLY BETWEEN L AND K
MINIMUM, LEAD DIMENSION IS UNCONTROLLED
IN P AND BEYOND DIMENSION K MINIMUM.

INCHES | MILLIMETERS
DM WMIN | MAX | MIN | MAX
P A | 0175 [0205 | 445 | 620
B | 0170 [ 0210 | 432 | 539
C | 0125 [0185 | 318 | 419 ]
D | 0016 [ 002 | 041 | 085
F | o018 [ ooa | 041 | oas
G | 0045 [ 0055 [ 115 | 139
W | 0095 | 0105 | 242 | 266
J | 0015 | 0020 | 039 | 050
W | 0500 [ — | 1270 [ —
Lloz0f — | 635 —
N | 0080 {0105 | 204 | 268
P — [ot0| — | 254
R o | — | oes | —
v ows| —[ sea| —
STYLE 30:
PIN1. DRAIN
2. GATE
3 SOURCE

Motorola Small-Signal Transistors, FETs and-Diodes Device Data
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Motorola reserves the right to make changes without further notice to any products herein. Molorola makes no warranty, representation or guaraniee regarding
the suitabllity of its products for any particular purpose, nor does Motorola assuma any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liabllity, including without limitation consequential or incidentatdamages. “Typical® parameters which may be provided in Motorola
data sheets and/or specifications ¢an and do vary in different applications and actual performance may vary overtime. Alloperating parameters, including "Typicals”
must be validated for each customer application by customer’s technical experts. Mctorola does not convey any license unider its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the faiiure of the Motoroia product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products forany such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectiy, any claim of personat injury or deaih associated with such unintended or unauthorized use, even if such claim alleges that
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Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How 1o reach us:
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SEMICONDUCTOR

TECHNICAL DATA

KTC3209

EPITAXIAL PLANAR NPN TRANSISTOR

POWER AMPLFIER APPLICATION.
POWER SWITCHING APPLICATION.

FEATURE
+ Low Saturation Voitage.
! Verea=05VIMAX) (Ic=1A)

» High Speed Switching Time @ tug=1.0 2 S(TYP.} DM | MILLMETERS
+ Complementary to KTA1281. ; :";‘; m
c 0.80 MAX
MAXIMUM RATINGS (Ta=25T) R
F 27
CHARACTERISTIC SYMBOL | RATING | UNIT ] 1.710 U
H 0.55 MAX
Collector-Base Voltage Veso 50 v . Sy
L 0.7540.10
Collector-Emitter Voltage Vceo 50 v N ¢
N 28
Emitter-Base Yoltage VEso 5 v :: .:f::
Q 0.10 MAX
Collector Current Ic 2 A R | 12606080
s 1.00
Emitter Current Ie -2 A
Collector Power Dissipation Pc 1 W
Junction Temperature T; 150 10
Storage Temperature Range Tag -55= 150 C
ELECTRICAL CHARACTERISTICS (Ta=25C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector Cut—off Current Tcro V=50V, Ig=0 ~ - 0.1 UA
Emitter Cut-off Current Ieno Ves=5V, Ie=0 - - 0.1 MA
Collector-Emitter 7 = _ -
Breakdown Voltage Visrcro'| | Ic=10mA, 1p=0 50
Emitter-Base _ - - -
Breakdown Voltage Venigno. | Ie=1mA, Ic=0 5

hetl) 1 Vee=2v, 054 70 - | 240
DC Current Gain hee(2)
(Issote) VCE:ZV, IC=15A 40 - -
Collector-Emitter _ _ N _
Saturation Voltage Versan Ic=1.0A, 1g=0.05A 05 v
Base-Emitter Satiratopm Voltage VEEGAT Ic=1.0A, Iz=0.05A - - 1.2 v
Transition Frequency fr Vee=2V, Ic=0.5A - 100 - MHz
Collector Output Capacitance Cab Vep=10V, Ig=0, f=I1MHz - 30 - pF
Output
Turn on Time ton e - | ot -
lﬂ-‘f lnput 200
Switching Time Storage Time tsg o - 1.0 - /5]
aov
. lg,=-1g2=0.054
Fall Time ts D‘L‘Ly C';"C]es o - 0.1 -
Note : hpg Classification 0:70~140, Y:120~240
1996. 11. 11 Revision No : 1 1/
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KTC3209

STATIC CHARACTERISTICS & Ve - Ic
[ 2]
4 T ] >U 1.0
B o4 1 | coMMoN
= 250 o EMITTER
a < 20 \ L 18 15 = 0.8 [ Ta=25°C
g o 1.8 = —lé g SI
10 >

67 1.2 2 é - 0.6 é S

‘f‘a 8 i
2 0.8 M 4 E 0.4 L)
C 04 Ip=2mA S A28
o 0 0 " / 140
Eug 04 £
A= o8 COMMON 0

28 Vep=2V EMITTER E 0 04 08 1.2 1.6 20 24

) 1.2 T Ta=25°C =
= [ Lt |t = COLLECTOR CURRENT Ic (&)

302010 0 2 4678 10
BASE CURRENT COLLECTOR-EMITTER

1p (mA) VOLTAGE Vcg (V)
~~ N —
2 Veg — 1 & COMMON
= C " MI1‘15’E5!E
S 1o S/ 08 Ta=-
= | gonuog S -
MITTE| o S
3 0.8 Ta=100°C g 0.6 — E = Q &
&
= T = = o] i
o 0.6 - [ E 0.4 = I j 40 ]
s 0 / = l /l
E 0.4 =/ / 5 ¥ lso
| ‘ .501 o 0.2 I 7
& o 44 2
& 02 A 9-;.-‘—{ 2 0
8 g 0 04 08 12 16 20 24
3 o
g 0 X COLLECTOR CURRENT lc (A)
2 0 04 08 12: 1.6 20 24
2t

COLLECTOR CURRENT I¢ (A)

VcE(sat) = Ic

Z
hg - Ic E t
3 COMMON EMITTER
m 300 EE’ 0.5 Ic/Is =20
-1 Ta=100°C < 0.3
1 M ns
g Ta=25°C =~ o 8
s 100 : =1 ‘_/
E Ta=-55°C E;—’ 0.1
50 S =
B a0 &8 0.0 Tacioy
& ®E 0.03 rq=25°
O COMMON EMITTER es a=-55°C
3 Veg=2V =id
= 5
10 | IS T O S 0.01
0.01 003 0.1 0.3 12 O 0.00 003 0.1 0.3 1 2
COLLECTOR CURRENT Ic (A) COLLECTOR CURRENT Ic (A)
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KTC3209

Veg(sat) — Ic Ic — Ve
z 5 =z 2.0
S 5[ COMMON EMITTER ~ COMMON
E?., Ic/Ip=20 I | EMITTER
5~ = 1.5 Veg =2V [ ’
By g
na { Ta=-55"C = & .D’
= & 1.0 Stete
o & & Sfe nn[
i t < 2 ik f )
Em 0.5 _ [ Ta=2 & &' e
C Ta=100°C & 0.5 =
=< 0.3 o l l
Rk [ Ji
i :
g -
oy 8 0 0.4 0.8 1.2 1.8
0.00 003 0.1 0.3 2 BASE~EMITTER VOLTAGE Vpg (V)
COLLECTOR CURRENT i¢” (A}
SAFE OPERATING AREA
5 gl 1
- 1o MAX.(PULSED)*
Pd ~Ta o o oAk PRGRDP [y
- 1c. MAX.(CONTINUQUS)N N B,
Z 1200 N NN
= o v LR
> AR C HEOR
o &
o 1000 E= N & Y
= Z 05 % \
2~ 800 % 0.3 % \
AE “N ;°§ ] N\ »
g 9
Ev 800 AN : e N
S o N S . 1*|E % SINGLE A==
el 400 5 '0.05F < NONREPETITIVE N E i
& § 0 03 [ PULSE Ta=25°C 1
S oo N -Y2 17 CURVES, MUST /BE DERATED [ N | o
2 N\ 7 - LINEARLY WITH INCREASE alG
g N IN TEMPERATURE >
0 001 T NN 1]
3 0 40 80\ " 120 _-. 160 200 0.2 °0.5/1 3 10 30 100
AMBIENT TEMPERATURE Ta. (°C} COLLECTOR-EMITTER VOLTAGE Vcg (V)
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EC

SEMICONDUCTOR

KTA1281

TECHNICAL DATA EPITAXIAL PLANAR PNP TRANSISTOR
*OWER AMPLIFIER APPLICATIONS.
‘OWER SWITCHING APPLICATIONS. )
B
=]
'EATURES : :
- Low Collector Saturation Voltage by ' <
d |
! Vegeay=-0.5V(Max.) (Ic=-14) } 'x':éﬁﬂ_-oj D:M M':‘;:"‘;EI;RS
- High Speed Switching Time : t,;=1.04S(Typ.) L B | 320MAX
- Complementary to KTC3209. Q "Zﬂ -~ [fs f, :':2 :ﬁ
E 1S MAX
LL - F l II,Z'lA
= G 170 MAX
¥ L_F H 0.55 MAX
!_ L__ ] 14,00+ 0.50
MAXIMUM RATING (Ta=25TC) R D | I S oo
CHARACTERISTIC SYMBOL | RATING..]..UNIT N Nl T —
-'DI:!‘ Cl_ll o 0 1.28
Collector-Base Voltage Veno =50 \ of R _W L ’ o150
Collector-Emitter Voltage Vceo -50 V' B T;ﬂlw AL
: s 1.00
;. Emitter-Base Voltage Veso -3 v 2. COLLECTOR
Collector Current Ie 2 A N\ -
Collector Power Dissipati P 1 W
ollector Power Dissipation fo TO-92L
Junction Temperature T; 150 T
Storage Temperature Range Tag -55~150 T
ELECTRICAL CHARACTERISTICS (Ta=257)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current Icgo Ves=-50V, [=0 y - 0.1 uA
Emitter Cut-off Current Iepo Veg=-5V, 1c=0 A - 0.1 pA
Collector-Emitter Breakdown Voltage Vieryceo Ie=-10mA, I3=0 -50 - - Y

heg (1) Veg=-2V, 1c=-0.5A (Note) 70 - 240
DC Current Gain
hFE (2) VCE=-2V, IC=-1-5A 40 = -
Collector-Emitter Saturation Voltage VeE s Ie=-1A, 1;=-0.05A - - -0.5 v
Base-Emitter Saturation Voltage VBE(san Ic=-1A, 15=-0.05A - . <12 \%
Transition Frequency fr Veg=-2V, Ic=0.5A - 100 - MHz
Collector Output Capacitance Ca Vep=-10V, 1z=0, f=IMHz - 40 - pF
Turn-on Time ton QUTPUT - 0.1 -
200 Ip2
Switching Ip| INpUT B2
_ Storage Time tog W g - 1.0 . £S
Time 181
-IBI=132=0‘05A
Fall Time ty DUTY CYCLEZ1% Vee=-30V - 0.1 -
Note : hg Classification 0:70~140, Y:120-~240
1996. 10. 11 Revision No : 0 KELC 17z



INN1IALLOL

Ic(A)

BASE-EMITTER COLLECTOR CURRENT

VOLTAGE Vg (V)

COLLECTOR-EMITTER VOLTAGE
Veg (V)

DC CURRENT GAIN hfg

COLLECTOR CURRENT I¢ (A)

STATIC CHARACTERISTICS
-
5 20
20 EEES Se==oN
AN — s
-1.6 G —— 12
-12 BN gt = B E
0.8 N4 6
-0.4 B N = Tp=-2mA _
g 0
04
0.8 -t COMMON
=71 EMITTER
.12 Ta=25°C
} S S N | ]
30 20 .10 0 2 4 6 -8
BASE CURRENT COLLECTOR EMITTER
Ip (mA) VYOLTAGE Vg (V)
Vee -1c
-1.2
COMMON EMITTER
Lo Ta=100°C
§F3-3 $ ! :T{
h ) A~
-0.8 b 7 7 5
2
06 fi VAN
={}. J// '\$Q
s A A7 R Fo
| AN 217~
/
-0.2 //;' /é
0
6 04 08 -12 5 -16 =20 =24 23
COLLECTOR GURRENT.I¢ (A)
hgg -Ic
1k
COMMON EMITTER
500 Yeg =2V
300
Te=100°C
Ta=25°C T
T RS
100 ===t -
Ta=-55*C
50
30
10
-0.01 003 -01 0.3 -1 -3

COLLECTOR-EMITTER VOLTAGE
Vee (V)

COLLECTOR-EMITTER VOLTAGE
VcE (V)

Vee-1 ¢
COMMON EMITTER
Ta=25°C
l
s 18 lsls
= %, —F b
E ?_ f'T/ Y
i / Tal
i/ P4 )
/ w2
AT
04 -08 12 -6 20 24 .28
COLLECTOR CURRENT I¢ (A)
Vel C
COMMON EMITTER
Ta=-55*C
[]
o eVl o
-, 71
i / N AL
< / (/ A A A0
I EAA A
7 e
= |
04708 <12 -16 20 -24 -28

COLLECTOR CURRENT I ¢ (A)

——
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KTA1281

Vegay -1c
Z -1
e F COMMON EMITTER
?,’“ 05 [ lcs=20 7
g
B~ -03 /I
b A
ﬁ;’ /7/
Em -0l <
E 3 .‘a‘\
z: -0.05 - s [
11l Ta=-55°*
'99 -0.03 Ta=2;'C
O
[22]
% |
3
O 0.0
-0.03 -0.1 0.3 -1 -3
COLLECTOR CURRENT I ¢ (A)
l¢ ~Vee
20
z / [ J COMMON EMITTER
o Weas
-E‘:’ 15
2 MR
= -10 THET
o/ SHElE
5]
5
&
O
0
0 04 0.8 ‘12 16 20
BASE-EMITTER VOLTAGE Vgg (V)
Pc -Ta
. 1200
=
1000
£ <
v N
“ N
5 S 800
e
=2
= é 600
o
o [-™
& 400
c
w 200 ™
g N
3] 0 AN
0 40 80 120 160 200
AMBIENT TEMPERATURE: Ta (*C)

BASE-TMITTER SATURATION
VOLTAGE Vag(sary (V)

COLLECTOR CURRENT Ic (A)

VeE@ay -1 ¢

-1
F COMMON EMITTER
.05 Fles=20
03
0.1 Ta=-55C
) = i
0.05 h Ta=25"C
-0.03 Ta=100°C
-0.01
001  -0.03  -0.1 0.3 -1 3
COLLECTOR CURRENT I (A)
SAFE OPERATING AREA .
- FrMRULSED s T T
Tc MAX(CONTINUOUS) )L(q,,,{ %,
B
.1 o O%I\IJ 2N
ﬁé\ T
& %\’% N
0.3 1\2;,*?;
« SINGLE W
-0.F ' \NONREPETITIVE ; W
005 F  PULSE Ta=25°C I E E
003 |FCURVES MUST BE H]
. DERATED LINEARLY WITH ~N 8 H
INCREASE IN TEMPERATURE 1°
_001 Ly 1111 ! (R 1
027 05 (9 -3 -10 30 -100

COLLECTOR-EMITTER VOLTAGE Vg (V)

—
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| CD74HC4060,
Bexas CD74HCT4060

-Jata sheet acquired from RHarris Semiconductor

SCHS207 High Speed CMOS Logic
February 1998 14-Stage Binary Counter with Oscillator
Features

* Onboard Oscillator

+ Common Reset

* Negative Edge Clocking

+ Typical fiyax = 50MHz at Voo = 5V, C = 15pF,

Ta=25°C

* Fanout (Over Temperature Range)
- Standard Outputs.......... .....10LSTTL Loads
~ BusDriverOutputs ............. 15 LSTTL Loads

* Wide Operating Temperature Range .. . =55°C to 125°C
* Balanced Propagation Delay and Transition Times

« Significant Power Reduction Compared to LSTTL
Logic ICs

* HC Types
« 2V to 6V Operation
~ High Noise Immunity: Nj_= 30%, Ny = 30% of Vge
atVeg =5V

* HCT Types
« 4.5V to 5.5V Operation
« Direct LSTTL Input Logiec Compatibility,
VL= 0.8V {(Max), Vi =2V (Min)
= CMOS Input Compatiblility, §; < 1pA at Vo, VoH

Pinout
CD74HC4060, CD74HCT4060
(PDIP, SOIC)
TOP VIEW
—————
Q12 E E Vee
Q13 [2] EEW
Q14 [3] 4] Q8
as [4] 13] Qs
as[5 2] MR
a7 [6] | 1] ol
a4 [7] 10] s0
GND |8 5] ¢0
CAUTION: These devices are sensitive 1o electrostatic discharge: Users should follow proper IC Handling Procedures. File Number 1654.1

Copyright © Harris Corporation, 1998 1



CD74HC4060, CD74HCT4060

Description

The Harris CD74HC4060 and CD74HCT4060 each consist
of an osciliator section and 14 ripple-carry binary counter
stages. The oscillator configuration allows design of either
RC or crystal oscillator circuits. A Master Reset input is
provided which resets the counter to the all-O's state and
disables the oscillator, A high level on the MR line
accomplishes the reset function. All counter stages are
master-siave flip-flops. The state of the counter is advanced
one step in binary order on the negative transition of ¢l (and
$0). All inputs and outputs are buffered. Schmitt trigger
action on the input-puise-line permits unlimited rise and fall
times.

In order to achieve a symmetrical waveform in the oscillator
section the HCT4060 input pulse switch points are the same
as in the HC4060; only the MR input in the HCT4060 has

TTL switching levels.

Ordering Information

PART NUMBER | TEMP. RANGE (°C) | PACKAGE PI:(OG
CD74HC4060E -55t0 125 16 Ld PDIP |E16.3
CD74HCT4060E -55to 125 16 Ld PDIP {E16.3
CD74HC4060M 55610125 16 Ld 8OIC [M16.15
CD74HCTA4060M -6510 125 16 Ld SOIC |M16.15
NOTES:

1. When ordering, use the entire part number. Add the suffix 96 to
obtain the variant in the tape and reel,

2. Wafer and die for this part number is available which meets all
electrical specifications. Please contact your local sales office or
Harris customer service for ordering information,

Functional Diagram
7
Q4
5
|- a5
4
12
MR ——p— _6 Q6
a7
14-STAGE 14
RIPPLE — Q8
1 COUNTER 13
o1 . —— AND — QP
OSCILLATOR | 15
t—— a0
1
| 12
— Q13
3
Qi4
A L
$0 GND = §
- 10 Vec =16




CD74HC4060, CD74HCT4060

9
20 o—

20
21

PR eEmmy
-{24 Q4 —125 Q131 214 Q14
] 1
[ ] 1
FF4 1 FF§-FF13 4 FF14
— P — -1 -
R ’ ' 13
l-lnrl J

7 - -
Q4 5,4,6,14, 13,151 Q13
Q5 - Q1p, Q12
FIGURE 1. LOGIC BLOCK DIAGRAM
TRUTH TABLE
ol MR OUTPUT STATE
T U No Change
Advance to Next State
H Ali Outputs are Low




CD74HC4060,

CD74HCT4060

Absolute Maximum Ratings

DC Supply Voltage, Voo
DC Input Diode Current, lik

ForVi<-0.5VorVi> Voo +05Y. ...l +20mA
DC Output Diode Current, Ik

For Vg <-0.5V or Vo > Ve + 0.5V
DC Drain Current, per Output, g

For-0.5V<Vo<Vpe+05V. ... +25mA
DC Vg or Ground Current, ice A

Operating Conditions

Temperature Range, Ta ...............
Supply Voltage Range, Vg

R -55°C to 125°C

HCTypes .........coviiiiinenen e 2Vio BV

HCT Types ... oi it et et ci et 4.5V to 5.5V
DC Input or Output Voltage, V|, Vo . ...t OVtoVee
Input Rise and Fall Time

AV e 1000ns (Max)

4BV, e 500ns (Max)

BV e 400ns (Max)

Thermal Information

Thermal Resistance (Typical, Note 3) 8,4 (°C/W)
PDIPPackage................ooiviiinnnnn. 90
SOICPACKAGE. .. ..o s, 160

Maximum Junction Temperature ... ...............c..... 150°C

Maximum Storage Temperature Range .......... -85°C to0 150°C

Maximum Lead Temperature (Soidering 10s)............. 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage 1o the device. This is a siress only raling and operation
of the device at these or any other conditions above these indicated In the operational sections of this specification is not implied.

NOTE:

3. 8,4 Is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications

TEST
CONDITIONS Vec 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL}| Vi (V) [ lo (mA) V) MIN F TYP ] MAX | MIN | MAX | MIN | MAX | UNITS
HC TYPES
High Level Input Vid - - 2 1.5 - - 1.5 - 1.5 - \Y
Voltage 45 | a15 | - S35 | (= | 815 | - v
6 4.2 - - 4.2 - 4.2 - A
Low Level input ViL - - 2 - - 0.5 - 0.5 - 0.5 A
Voltage 45 - V135 - 135 - |13 | v
6 - - 1.8 - 1.8 - 1.8 v
High Levei Output VoH . [MHorV| -0.02 2 1.2 - - 1.9 - 1.9 - \
Voltage Q Outputs : . } 44 N 2.4 N v
CMOS Loads e 45 44 / i
-0.02 & 59 - - 5.9 - 5.9 - v
High Level Output - - - - - - - - - v
Voltage Q Outputs . " ) N 3.7 " v
TTL Loads -4 4.5 3.98 3.8 .
-5.2 ] 5.48 - - 5.34 - 5.2 - v
Low Level Qutput VoL [VimorVvy | 0.02 2 - - 0.1 - 0.1 - 0.1 v
Voltage Q Outputs " N 1 N o1 T 01 v
CMOS Loads 0.02 45 0. . .
0.02 & - - 0.1 - 0.1 - 0.1 v
Low Level Qutput - - - - - - - - - \Y
Valtage Q Outputs - . N ; 0.4 v
TTL Loads 4 4.5 0.26 0.33 .
52 6 - - 0.26 - 0.33 - 0.4 \
High-Level Output VoH Vecor | -0.02 1.9 - - 1.9 - 1.9 - \
Voltage $C Qutput GND 0.02 25 m " " a4 - a4 - v
(Pin 10) i ) . . _
CMOS Loads -0.02 6 5.9 - - 5.9 - 5.9 - v




CD74HC4060, CD74HCT4060

DC Electrical Specifications (Continued)

TEST
CONDITIONS Vee 25°C -40°C TO 85°C | -§5°C TO 125°C
PARAMETER SYMBOL| V|(V) |lo{mA)| (V) MIN | TYP | MAX | MIN | MAX | MIN | MAX | UNITS
High-Level Output Vo Vg or -2.8 4.5 3.98 - - 3.84 - 3.7 - v
Voltage $O Output GND 33 6 5.48 - N 5.34 - 52 a v
(Pin 10) : - . .
TTL Loads
Note 6
Low-Level Cutput VoL Voo or 0.02 2 - - 0.1 - 0.1 - 0.1 A%
Voltage $O Output GND 0.02 25 . " 01 " 01 N 01 v
{Pin 10) ) i ) . i
CMOS Loads 0.02 6 - - 0.1 - 0.1 - 0.1 v
Low-Level Output VoL Veg or 2.6 4.5 - - 0.26 - 0.33 - 04 \Y
Voltage ¢O Output GND  [T33 6 - - oz | - |03 | - | o4 | v
{Pin 10) ’ '
TTL Loads
High-L evel Output VoH |[VieorViyl--3.2 4.5 3.98 - - 3.84 - 37 - Y
Voltage ¢O Output 4.2 6. | 548 | - - 1534 | - 5.2 ; Y
(Pin 8)
TTL Loads
Low-Level Output VoL |MiorViul 2.8 4.5 - - 0.26 - 0.33 - 0.4 '
Voltage ¢O Output 33 6 " — o2 - | 0s3 | - 04 | v
(Pin 8)
TTL Loads
Input Leakage Iy Ve or - 6 - - 10.1 - +1 - 11 pA
Current GND
Quiescent Device icc Veg or 0 8 - : 8 - 80 - 160 pA
Current GND
HCT TYPES
High Level Input Vid - - 451 2 - - 2 - 2 - v
Voltage 5.5
Low Level Input ViL - - 4510 - - 0.8 - 0.8 - 0.8 v
Voltage 5.5
High Level Output Vou Vi or Vi f0-0.02 4.5 4.4 - - 44 - 4.4 - Vv
Voltage Q Outputs Note §
CMOS Loads
High Leve! Output -4 4.5 3.98 - - 3.84 - 3.7 - v
Voltage Q Outputs
TTL Loads
Low Level Cutput VoL |ViorVy ). 0.02 4.5 - - 0.1 - 0.1 - 0.1 v
Voltage Q Outputs Note &
CMOS Loads
Low Leve! Output 4 45 - - 0.26 - 0.33 - 0.4 \Y
Voltage Q Outputs
TTL Loads
High-Level Output VoH Vecor | -0.02 4.5 4.4 - - 44 - 4.4 - )
Voltage $O Output CGND
(Pin 10)
CMOS Loads
High-Level Output VoH Vee or 286 4.5 3.98 - - 3.84 - 37 - v
Voltage 6O Output GND
(Pin 10)
TTL Loads Note 6
Low-Level Output VoL Ve or 0.02 4.5 - - 01 - 0.1 - 0.1 \
Voltage $O Output GND
(Pin 10}
CMOS Loads




CD74HC4060, CD74HCT4060

DC Electrical Specifications (Continued)

TEST
CONDITIONS Vec 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | V| (V) |lo(mA) [\Y] MIN | TYP | MAX | MIN MAX | MIN MAX | UNITS

Low-Level Output VoL Vge or 28 4.5 - - 0.26 - 0.33 - 0.4 v
Voltage ¢O Output GND

{Pin 10)

TTL Loads

High-Level Output Von [ViLorviy| -3.2 4.5 3.98 - - 3.84 - 3.7 - v
Voltage ¢O Output

(Pin 9)

TTL Loads

Low-Level Qutput VoL VigorViL| 3.2 4.5 - 0.26 - 0.33 - 0.4 v
Voltage ¢O Output Note 5

{Pin 9)

TTL Loads

Input Leakage h Any 0 5.5 - +0.1 - 11 - 1 pA
Current Voltage

Between
VCC and
GND

Quiescent Device lce Vee or 0 5.5 - - 8 - 80 - 160 HA
Current GND

Additional Quiescent Aleg Vee - 4510 - 100 | 360 - 450 - 480 HA
Device Current Per (Note 4) -2.1 5.5

Input Pin: 1 Unit Load
NOTES:

4. For dual-supply systems theoretical worst case (V| ='2.4V, Vo = 5.5V) specification-is 1.8mA.
5. For pin 11 V) = 3.15V, V) = 0.9V,
6. Limits not valid when pin 12 (instead of pin 11) is used as control input.

HCT Input Loading Table
INPUT UNIT'LOADS
MR 09.35

NOTE: Unit Load is Alcg limit specified in DC Electrical Specifica-
tions Table, e.g. 360uA max at 25°C.

Prerequisite for Switching Specifications

25°C -40°C TO 85°C -55°C TO 125°C
PARAMETER SYMBOL | Ve (V) | “MIN TYP | MAX MIN e MAX MIN TYP | MAX | UNITS
HC TYPES

Maximum input Puise IMAX 2 & - - 5 - - 4 - - MHz
Frequency 45 | 0 | - - 25 - . 20 ; ~ | Mhz
35 - - 29 - - 23 - - MHz

Input Pulse Width tw 2 80 - - 100 - - 120 - - ns

4.5 16 - - 20 - - 24 - - ns

14 - - 17 - - 20 - - ns

Reset Removal Time tREM 2 160 - - 125 - - 150 - - ns

4.5 20 - - 25 - - 30 - - ns

6 17 - - 21 - - 26 - - ns




CD74HC4060, CD74HCT4060

Prerequisite for Switching Specifications (Continued)

25°C -40°C TO 85°C -55°C TO 125°C
PARAMETER SYMBOL | Vg (V)| MIN TYP | MAX MIN TYP MAX MIN TYP | MAX | UNITS
Reset Pulse Width tyy 2 80 - - 100 - - 120 - - ns
4.5 16 - - 20 - - 24 - - ns
6 14 - . 17 - - 20 - - ns
HCT TYPES
Maximum Input, tmax 4.5 30 - - 25 - - 20 - - MHz
Pulse Frequency
input Pulse Width tw 4.5 16 - - 20 - - 24 - . ns
Reset Removal Time tReEM 4.5 26 - - a3 - - 39 - - ns
Reset Pulse Width tw 4.5 25 - - K| - - 38 - - ns
Switching Specifications inputt, ;= 6ns
-40°C TO -55°C TO
TEne 25°C 85°C 125°¢
PARAMETER SYMBOL | CONDITIONS | Vee (VI | MIN | TYP | MAX | MIN. . MAX | WMIN MAX [UNITS
HC TYPES
Propagation Delay trLH: tPHL| €)= 50pF 2 4 VS [BRS, - | X\ - [0 | ms
¢l to Q4 4.5 - - 60 - 75 - 90 ns
Cy = 15pF 5 4 25 z - - - - ns
Cp = 50pF 6 - - 51 - 64 - 78 ns
Qp 10 Qe teLH. tpaL | Cy = 50pF 2 i . 80 c 100 - 120 | ns
4.5 - - 16 o 20 - 24 ns
Gy = 15pF L - 6 ~ - - - - ns
Cy = 50pF 6 - - 14 - 17 - 20 ns
MR to Qp tPHL Cp = 50pF 2 ; - 175 - 220 - 265 ns
4.5 - - 35 - 44 - 53 ns
C = 15pF 5 - 14 - - - - - ns
Cy =50pF 6 - - 30 - 37 - 45 ns
Output Transition Time trHL treH | = 50pF 2 - - 75 - 95 - 110 ns
4.5 - - 15 - 18 - 22 ns
6 - - 13 . 16 - 19 ns
Input Capacitance G
(T8D)
Propagation Dissipation Cpp - - - 40 - - - - - pF
Capacitance
HCT TYPES
Propagation Delay tpLH TPHL Ci = 50pF 2 - - - - - - - -ns
¢l to Q4 4.5 - - 66 - 83 - 100 ns
CL = 15pF 5 - 25 - - - - - -ns
Cy = 50pF 8 - - - - - - - -ns




CD74HC4060, CD74HCT4060

Switching Specifications Inputt, ;= 6ns (Continued)

-40°C TO -55°C TO
25°C 85°C 125°C
TEST
PARAMETER SYMBOL | CONDITIONS | Voc (V)| MIN | TYP | MAX | MIN | MAX | MIN | MAX |UNITS
Qn to Qg toLH tPHL| Cr = 50pF - - - - - - - ns
4.5 - - 16 - 20 - 24 ns
CL = 15pF . 6 - - - - - ns
Ci = 50pF - - - - - - - ns
MR to Qp tPHL Cy = 50pF - - - - - - - ns
4.5 - - 44 - 55 - 66 ns
CL = 16pF - 17 - - - - - ns
Cy = 50pF - - - - - - - ns
Output Transition Time trHL. triH | CL =50pF - - - - - - - ns
45 - - 15 - 19 - 22 ns
- - - - - - - ns
Input Capacitance C
(TBD)
Propagation Dissipation Cpp - - 40 - - - - pF
Capacitance
NOTES:
7. Cpp is used to determine the dynamic power consumption, per package.
8. Pp=Cpp VCC2 fi Z(Cp V002 filM) where M = 2l\es, 28/, .M fy = input frequency, Ci_= output load capacitance.
TYPICAL LIMIT VALUES FOR Ry AND Cy
TYPICAL g
TEST MAXIMUM 10
Ta = 25°C
PARAMETER | CONDITIONS | VOLTAGE LIMITS 1 \‘ R‘;: 1KQ
Ry Minimum Cyx > 1000pF 2 1KQ 10 N NN [~ 10kQ
100K
Cx > 10pF 45 . \ NN N‘_»V/;mn J
Cx> 100 o N INTINOIN S 2
RxMaximum | Cy > 10pF 2 2000 £ 10t NCNZ SN
Cx > 10pF 4.5 & 102 \\\\../3/ N\ \
Cy > 10pF 6
Cx Minimum Ry > 10KQ 2 10pF 103 \’é AR \\\ AN
Rx > 10KQ 45 o NN\ \ N
10 N\ N
Rx > 10KQ 6 \\\ \\
Ry = 1KQ 2 1000pF 105 ; ; ; " AT
= ' 100F 10° 10 10 10 10 10
Rx = 1K 45 Op OSCILLATOR FREQUENCY {Hz)
Ry = 1KQ 6 10pF
Maximum Cx = 1000pF, 2 0.5MHz
Astable Oscillator | Ry = 1KQ (Note 9) NOTE: OSC Frequency = 1/2.2 RxCyx
Frequency Cx = 100pF, 4.5 3MHz For 1MQ > Ry > 1KQ, Cx > 10pF, f < 1MHz
Ry = 1KQ (Note 9) FIGURE 2. FREQUENCY OF ON-BOARD OSCILLATOR AS A
Cx = 100pF, r aMHz FUNCTION OF Cy AND Ry
Ry = 1KQ {Note 9)
NOTE:

9. At very high frequencies f = 1/2,.2 RyCy no longer gives an
yaccurate approximation.




Typical Performance Curves
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NOTE: Outputs should be switching from 10% Ve to 90% Vg in
accordance with device truth table. For fjpax, input duty cycle = 50%.

FIGURE 3. HC CLOCK PULSE RISE AND FALL TIMES AND
PULSE WIDTH
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FIGURE 5. HC AND HCT TRANSITION TIMES AND PROPAGA-
TION DELAY TIMES, COMBINATION LOGIC
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NOTE: Outputs shouid be switching from 10% Vg to 90% Vog in
accordance with device truth table. For fyax, input duty cycle = 50%.

FIGURE 4. HCT CLOCK PULSE RISE AND FALL TIMES AND
PULSE WIDTH
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INVERTING
OUTPUT
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FIGURE 6. HCT TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC




IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Ti's standard warranty. Testing and other quality control technigues are utilized to the extent
T1 deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR.USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSIONOF Tt PRODUCTS INSUCHAPPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer ta minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does nat warrant or represent
that any license, either express arimplied, is granted underany patentright, copyright, mask work right, or other
intellectual property right of T! covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party’s products or services does not constitute Ti’s approval, warranty or endorsement thereof,

Copyright © 1999, Texas Instruments Incorporated
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Pnfert;ed De\}léé o

Small Signal MOSFET
500 mA, 60 Volts
N-Channel TO-92 (TO-226)

Features
® Pb—Free Package is Available*

MAXIMUM RATINGS
Rating Symbol | Value Unit

Drain - Source Voltage Vbs 60 Vdc
Gate—Source Voltage

- Continuous Vas 20 Vde

= Non-~repetitive (t, < 50 ps) Vism +40 Vpk
Drain Current (Note) Ip 0.5 Adc
Total Device Dissipation @ Ty = 26°C Po 350 mw
Operating and Storage Junction T), Tag | =551 °C

Temperature Range +150

Maximum ratings are those values beyond which device damage can ccour.

Maximum ratings applied to the device are individual stress limit values (not

normal operating conditions) and are not valid simultaneously. If these limits are

exceeded, device functional operation is not implied, damage may occur and

reliability may be affected.

NOTE: The Power Dissipation of the package may result in a lower continuous
drain current.

*For additiona! information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.

© Semiconducior Cﬁmponanls 1n.dusﬁes. LLC, 2005 R - 1
August, 2005 - Rev. 5

ON Semiconductor®

http://lonsemi.com

500 mA, 60 Volts
RDS(on) =5.0Q

N-Channel
D

TO-92 (TO-226)
CASE 29
STYLE 30

MARKING DIAGRAM
& PIN ASSIGNMENT

7~
f| BS170
AYWW»

m

Drain Gate Source

=

BS170 = Device Code

A = Assembly Location
Y = Year

ww = Work Week

. = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

Publical'toh Order Number:‘
BS170/D



ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

BS170

[ Characteristic Bymbol 1 Min ] Typ J Max [ Unit
OFF CHARACTERISTICS
Gate Reverse Current lgss - 0.01 10 nAdc
{(Vos = 15 Vde, Vps = 0)
Drain-Source Breakdown Voltage ViBRiDSS 60 920 - Vde
(Ves = 0, Ip = 100 pAdc)
ON CHARACTERISTICS (Note 1)
Gate Threshold Voltage Vasn) 0.8 2.0 3.0 Vde
(VDS = VGS- |D =1.0 mAdc)
Static Drain-Source On Resistance TDS(on) - 1.8 5.0 Q
(Vgs = 10 Vdc, Ip = 200 mAdc)
Drain Cutoff Current Ipoofhy - - 0.5 #A
{Vbs = 25 Vde, Vgg = 0 Vdc)
Forward Transconductance Ots - 200 - mmhos
{Vps = 10 Vde, Ip = 250 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Input Capacitance Cies = - 60 pF
(Vos = 10 vde, Vgs =0, f = 1.0 MHz)
SWITCHING CHARACTERISTICS
Tum=0n Time ton " 4.0 10 ns
(Ip = 0.2 Adc) See Figure 1
Turn-0Off Time Los = 4.0 10 ns
(Ip = 0.2 Adc) See Figure 1
1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
ORDERING INFORMATION
Device Package Shipping’
BS170 TO~92 (TO-226) 1000 Unit'Tube
BS170G TO-92 (TO-226) 1000 Unit/Tube
{Pb~Free)
BS170RLRA TO-92 (TO-226) 2000 Tape & Ree!
BS170RLRAG TO-92 (TO-226) 2000 Tape & Reel
{Pb-Free)
BS170RLRM TO-92 (TO-226) 2000 Tape & Reel
BS170RLRMG TO-92 (TO-226) 2000 Tape & Reel
(Pb~-Free)
BS170RLRP TO-92 (TO-226) 2000 Tape & Reel
BS170RLRPG TC-92 (TO-226) 2000 Tape & Reel
(Pb-Free)
BS170RLA1 TO-92 (TO-226) 2000 Tape & Ree!
BS170RL1G TO-92 (TO-226) 2000 Tape & Reel
(Pb-Free)
BS170ZL1 TO-92 (TO-226) 2000 Tape & Reel
BS170ZL1G TO-92 (TO-226) 2000 Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.

hﬁp:llonseml.conﬁ
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BS170

RESISTIVE SWITCHING
+25V
tonk tarr
125Q TO SAMPLING SCOPE -
50 0B 50 Q INPUT
[ro—
B0 QATENATOR Yo %0% \
= = QUTPUT 10%
LoMQ INVERTED 4~ —
L 90%
e = 10% 50%
INPUT Vi —ﬁ PULSE
{Vin Amplitude 10 Volts) “— WIDTH
Figure 1. Switching Test Circuit Figure 2. Switching Waveforms
2.0 20
A i
w :fos:Vﬁ& /, Vgs=10V A
g 16 p=10 a 16
< 9oV
= 2 A g
> = LAY
D 1.2 P e S R
2 = ol —
il (5] L™
§ 0.8 QA g 0.8 6oV
S (Yass & " ]
7 £ gl 50V
> 04 = 04
40V,
0
50 0 50 166 150 9 1.0 2.0 3.0 40
T3, JUNGTION TEMPERATURE {°C) Vps, DRAIN-TO-SOURGCE VOLTAGE (VOLTS)
Figure 3. Vggih) Normalized versus Temperature Figure 4. On-Region Characteristics
20 100
Vag =10V
L 16 9.0V 80 Vog=0V
2 L N
& 8oV =
@ 12 060
< =
= / =
o 7.0 VTl 2
=
0.8 o 4p
< AY
g sov;, o - Cioy —
_— 188
£ 04 5.0V 20 \ l
- 4.0V \ Coss
S Crss
0 10 20 30 40 0 10 20 30 40 50 60
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 5. Output Characteristics Figure 6. Capacitance versus

Drain-To-Source Voltage
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BS170

PACKAGE DIMENSIONS
TO-92 (TO-226)
CASE 29-11
ISSUE AL
. NOTES:
—> A [ B 1. DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1862,
1 r 2. CONTROLUNG DIMENSION: INCH,
R ﬂ 4. CONTOUR OF PACKAGE BEYOND DIMENSION R
! IS UNCONTROLLED.
- 4. LEAD DIMENSION 1S UNCONTROLLED IN P AND
_ _;‘_ . BEYOND DIMENSICN K MINIMUM.
SEATING INCHES | MILLIMETERS
PLANE . ¥k oM MIN T W MIN_| MAX |
0175 | 0205 ) 445 | 5.
Bl omp [opw| 4| 5
0125 [ 0165 | 318 | 419 |
D D | poi6 ] o 0.407 | 0533
G 'l l_‘_ | 6 [ 0045 | 0 115 | 139 |
H_| 0.005 | 0105 { 249 | 288 |
H @ J 3 | 0015 | 00 038 | 0.
0500 | - | 1270 | -
— V f L om0l - T"e3s [ -
M | C N | 0080 [ 0.1 204 | 266
Z P - 01 — | 25
e SECTION X=X Pl Tom] -1 2n
1 V1o | - aa | —.
N "—T STYLE 20:
PINA. DRAN
2. |GATE
3. SOURCE

ON Semlconductor and O are reglsiered trademarks of Semiconductor Componenis Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guerantee regarding the suitabliity of iis products for any particulsr purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incigental damages.
“Typical” parameters which may ba provided in SCILLC data sheets and/or specifications can and do very in differen! applications ang actual performance may vary over tima. All
operaling paramelers, including “Typicals” must be validaled for each customer application by customer’s lechnical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC producis are not designed, intended, ar authorized for use as componenis in systems Intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the fallure of the SCILLC product could cresle a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC producls for any such unintended or unauthorized application, Buyer shell indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliales,
and distributors harmless ageinst all claims, costs, damages, and expenses, and reasonable attomey fees arising out of, directly or indirectly, any cleim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the parl. SCILLC is an Equal
Oppertunity/Affirmative Action Employer. This lilerature is subject to all applicable copyright laws and is not for resate in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. Amaerican Technical Support: 800-282--9855 Toll Free ON Semiconductor Website: hitp:/onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
P.O. Box 61312, Phosnix, Arizona 85082-1312 USA, Order Literature: hitp//www.onsemi.com/Mlorder

Phone; 480-829-7710 or BDO-344-3860 Toll Free USA/Canada Japan: ON Semiconduclor, Japan Customer Focus Center . )
Fax: 480~829-7709 or B00~344-3867 Toll Free USA/Canada 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051 For additional information, please contact your
Emali: orderiit@onsemi.com Phona: 81-3-5773-3850 local Sales Representative.

BS170/D




EC SEMICONDUCTOR BC549/550
A TECHNICAL DATA EPITAXIAL PLANAR NPN TRANSISTOR

OW NOISE AMPLIFIER APPLICATION,
EATURE B ¢
. N 1
+ For Complementary with PNP Type BC559/560. T
i <
i |
[ T_1 -~{ B~N  [DM| MILLIMETERS
K- N d 1 A 470 MAX
AAXIMUM RATING (Ta=25T) | lle B | asomaX
D i C | 370MAX
CHARACTERISTIC SYMBOL | RATING | UNIT j B > pa
_ BC549 30 ’ 5 oxe
Collector-Base Voltage Veso v ] m 24
BC550 50 ey 3 14.00£0,50
F ¥ K 0.55 MAX
BC549 30 L 2.30
Collector-Emitter Voltage Veceo v M | 045 MAX
BCs550 45 : -?— o=, , N 100
- % b3
Emitter-Base Voltage Veso 5 v “—— | courcton
Collector Current I 100 mA 2 BASE
3. EMITTER
Collector Power Dissipation Pc 625 mW
Junction T turs T, 150
unction Temperature j c TO-92
Storage Temperature Range Tag <55~150 T
ELECTRICAL CHARACTERISTICS (Ta=257C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector-Emitt BC3549 30 - -
ollector-Lmitter V(BR)CEO IC=10mA, IB=0 v
Breakdown Veltage BC550 45 - -
Collector-Base BC549 " Y P 30 - - v
Breakdown Voltage BC550 e\ v\ 50 - .
| Emitter-Base Breakdown Voltage Vereso) |- Ig=10uA, 10 5.0 - - v
Collector Cut-off Current Icpo Vep=30V, [z=0 - - 15 nA
DC Current Gain hgg(Note) | 1c=2mA; Veg=5V 110 - 800
Base-Emitter Voltage VBE(ON) IC=2mA, VCE=SV 0.55 - 0.7 \'
Collector-Emitter Saturation Voltage Vergay | Ic=100mA, Ig=SmA ) . 0.6 v
Base-Emitter Saturation Voltage VBE(sar) Ic=100mA, Ig=5mA - 0.9 - v
1 Transition Frequency 7 [=10mA, V=5V, =100MHz - 300 - MHz
Collector Output Capacitance Cw V=10V, Ig=0, =1MHz - - 45 pF
BC549 1c=2002A, Veg=5V - . 4.0
Noise Figure NF ¢ a cE dB
BC550 Rg=10kQ, f=1kHz . . 10

Note : hgg Classification A:110~220, B:200~450, C:420~800

399.11.30 Revision No : 2 KEL 1
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FAIRCHILD
e e
SEMICONDUCTOR ™

2N5088
2N5089

MMBTS5088
MMBT5089

(o TO-92
B E SOT-23 B
Mark: 1Q./1R
NPN General Purpose Amplifier
This device is designhed for low noise, high gain, general purpose
amplifier applications at collector currents from 1A to 50 mA.
A bSOI ute MaXi mum Rati ngs* TA = 25*C uniess otharwise noted
Symbol Parameter Value Units
Veeo Callector-Emitter Voltage 2N5088 30 \Y
2N5089 25 \'
Veso Collector-Base Voltage 2N5088 35 vV
2N5089 30 v
Veso Emitter-Base Voltage 45 v
ls Collector Current - Continuous 100 mA
Ty Tag Operating and Storage Junction Temperature Range -55 to +150 °C
*These ratings are limiting vaiues above which the serviceability of any semiconductor davice may be impaired.
NOTES:
1) Thase ratings are based on a maximum juhction temperature of 150 degress C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed of iow duty cycle cperations.
Thermal Characteristics  7a=25:c uniess otnewissnoted
Symbol Characteristic Max Units
2N5088 *MMBTS5088
2N5089 *MMBT5089
Po Total Device Dissipation 625 350 mwW
Derate above 25°C 5.0 2.8 mw/°C
Rase Thermal Resistance, Junction to Case 83.3 °C/W
Raua Thermal Resistance, Junction to Ambient 200 357 “C/W

" Device mounted on FR-4 PCB 1.6"X 1.6" X 0.06."

© 2001 Fairchlld Semiconductor Corporaticn

MMBT!

ABT5089, Rev A

680S LGN / 680SNZ / 880SLANIN / 880SNC



NPN General Purpose Amplifier

(continued)
Electrical Characteristics  a-25c uniess onerwise noted
Symbol Parameter Test Conditions Min | Max | Units
OFF CHARACTERISTICS
Vigriceo Collector-Emitter Breakdown le=1.0mA, lg=0 5088 30 Vv
Voltage* 5089 25 \
Vieryceo Collector-Base Breakdown Voltage | lc =100 uA, le=0 5088 35 \
5089 30 v
leao Collector Cutoff Current Veg=20V,le=0 5088 50 nA
Veg=15V,e=0 5089 50 nA
leso Emitter Cutoff Current Vep=3.0V,ic=0 50 nA
Ver =45V, ic=0 100 nA
ON CHARACTERISTICS
hre DC Current Gain lc'= 100 uA, Vee =5.0V 5088 300 900
5089 400 1200
lc=1.0mA, Ve =5:.0V 5088 350
5089 450
Ic =10 mA, Vg = 5.0 v* 5088 300
5089 400
VeEesay Collector-Emitter Saturation Voltage™ |-Ic = 10 mA, le =1.0.mA 0.5 \'
VBE(@on) Base-Emitter On Voltage lc =10 mA, Vce= 5.0V 0.8 v
SMALL SIGNAL CHARACTERISTICS
fr Current.Gain - Bandwidth Product lc =500 pAVce = 5.0 mA, 50 MHz
f =20 MHz
Ceb Collector-Base Capacitance Veop= 5.0V, g =0, f=100 kHz 4.0 pF
Ceb Emitter-Base Capacitance Vee =05V Ic =0, =100 kHz 10 pF
hte Small-Signat Current Gain lc = 1.0 mA, Vcg =5.0V, 5088 350 1400
f=1.0kHz 5089 450 1800
NF Noise Figure lo= 100 pA, Vee = 5.0V, 5088 3.0 dB
Rs = 10kQ, 5089 2.0 dB
f=10 Hz to 15.7 kHz

* Puise Tast: Pulse Width < 300 s, Duly Cycle s 2.0%

Spice Model
NPN (Is=5.911f Xti=3 Eg=1.11 Vaf=62.37 Bf=1.122K Ne=1.394 Ise=5.911f lkf=14.92m Xtb=1.5Br=1.271 Nc=2
Isc=0 Ikr=0 Rc=1.61 Cjc=4.017p Mjc=.3174 Vjc=.75 Fc=.5-Cje=4:973p Mje=.4146 Vje=.75 Tr=4.673n Tf=821.7p
Itt=.35 Vif=4 Xtf=7 Rb=10)

680S19WNIN / 680SNZ / 880SLEHNIN / 880SNZ



NPN General Purpose Amplifier

{continued)

Typical Characteristics
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NPN General Purpose Amplifier

(continued)
Typical Characteristics (continueq)
Input and Output Capacitance Contours of Constant Gain
vs Reverse Bias Voitage Bandwidth Product (fr)
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680S1LEWIN / 680SNZ / 880SLANIN / 880SN¢C



NPN General Purpose Amplifier

{continued)

Typical Characteristics (continued)

Rs - SOURCE RESISTANCE {n)

R - SOURCE RESISTANCE )

Contours of Constant

Narrow Band Noise Figure

10,000 = ==
. SN-3.0dB .y 3
5,000 - lI A1Y
N 4.0dB
A N
2,000
\
NN o /1
» 8.0 dB
500 :vﬂ =50V N
1 —
1= 100 1z 298
200 [-RANDWIDTH 712 a8
| | N 408
100
1 10 100 1,000
1 ¢ - COLLECTOR CURRENT (1. A)
Contours of Constant
Narrow Band Nolse Figure
10000 = T a%t
Y
5000
h - - <2 d.'
N N, I
2000 AN ] ] T 20 98 TTH
N ™ 3.0dB
1000 H o ;
= | 4.0 d8 T
500 'chIéV i :
o svall
200 F BANDWIDT! F )
100 Lo 20kHZ i e
1 10 100 1000

I c- COLLECTOR CURRENT { pA)

Rs - SOURCE RESISTANCE (2)

Rg- SOURCE RESISTANCE [2)

Contours of Constant
Narrow Band Noise Figure

10,000

A 1
5,000 J—N H
2 ~ 0 dB 1
2,000 A \‘\ ki
i 3.0dB
1,000 N = - H-
D 4.0 dB
500
[Vee w50V = G.ETGTB
o ol
200 (BANOW L0 -
100
1 10 100 1,000
I-c-COLLECTOR CURRENT (p A)
Contours of Constant
Narrow Band Noise Figure
10000 - : =
5000 ¥k X
J\
2000 X G-
NS LT T
W
1000 X === 39;5
Vee = p HE 40 aB 114 i
e N p
= 1.0 MH. TS TS 60/
200 F BANDWIDTHTTT el HIL, 7o en | 28
fla = 200kHz soar [T :TT" F
0.01 0.1 1 10

I - COLLECTOR CURRENT {1 A)

680SLEWNIN / 680SNZ / 880S18NIN / BBOSNT



NPN General Purpose Amplifier

(continued)
Typical Common Emitter Characteristics (r=1.0xHz)
Typical Common Emitter Characteristics _Typlcal Common Emitter Characteristics
- e ]
713 1 §13 .lvcs.:;':’ he e
g L T-—fn F N Ll
51.2 —_\h.. :}7 E:f Mo ® 10mA gere
i 1L .
S11 - £y
~ Nes ]
E he . — ] 0.9
B 1rew | Eo‘s S
- lo=4.0mA 20 .
B oo f=1.0kHe 4 g o7
-AED Ta=25°C | 808 — "~ Te
Sos A 305 I
A’ 5 10 15 20 25 "100 -50 0 50 100 150
Ve - COLLECTOR VOLTAGE {V) T;=JUNCTION TEMP ERATURE (°C)

Typical Common Emitter Characteristics

€ 100

¥ I, 7 =
T 11 -4

Sr [ f= 1.0kHz ol L

£ 10

g N andb e, z o

E { . i | Rre

S tlhe P

& =

[/ . VRN ey

g hs 1 1

2 n 4

0.

Q

g

o001

0402 05 4 2.5 A0 20 50 100
Ic- COLLECTOR CURRENT (mA)

680S1LAININ / 680GNZ / 880SLEININ / 880SNC





